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revolutionise the treatment __ 
of peptic ulcers and associated 
gastrointestinal disorders 


A real breakthrough 


Due to its dramatic reduction of gastric acid 
secretion ‘Tagamet’ has achieved quite remarkable 
results in peptic ulcers and associated gastrointestinal 
disorders. 

Complete healing of duodenal and gastric 
ulcers}2.3.4 (proven endoscopically) is seen in most 
patients after 4 weeks’ treatment. 

Complete healing or marked improvement of 
reflux oesophagitis: has frequently been obtained 
within 8 weeks. 

Early symptomatic relief is normally achieved 
in patients receiving ‘Tagamet’ treatment. 

Furthermore, ‘Tagamet’ is well tolerated with minimal 
side effects which, together with its convenient dosage, 
means ‘Tagamet’ is well suited to everyday treatment. 

‘Tagamet-for patients with suspected or confirmed 
benign gastric or duodenal ulcer or reflux oesophagitis, 
and for patients in whom the reduction of acid 
secretion is likely to be beneficial. 


The discovery 


Until recently, one aspect of gastnc physiology 








remained paradoxical—histamine was known to be a 


potent stimulant of gastric acid, yet conventional 
antihistamines were totally inactive in this area. 
Confronted by this apparent anomaly investigators 
began to suspect that there might in fact be two types 
of receptor site for histamine-one mainly for allergic 
reactions (H,) and the second for gastnc acid 


secretion (H,). 








In 1964, the SK&F research team set out to find anew 
class of therapeutic agent by chemical modification 
of the histamine molecule. They were seeking an agent 
capable of blocking the action of histamine at the H, 
receptor site, just as conventional antihistamines do at 
the H, site. After 12 years of extensive research, this 
search has resulted in the development of ‘Tagamet’ 
the Hz receptor antagonist, with the fundamental 
property of controlling gastric acid secretion’ 
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- should choose Philips © 


Throughout the world today, more than 1600 * Now just have a look at some of the many se 





Satisfied customers are using Philips’ system features which made them choose 


professional colour TV systems. Philips. Then you can judge for yourself. 
Ranging from one or more live 


cameras, or document cameras, and 
their accessories, to comprehensive 
_a telecine units. 










@maximum flexibility, reliability and simplicity 

of operation; @multiple application Capability; es 
@compact, lightweight and rugged; 
@multi-standard (PAL, NTSC, 
SECAM) professional cameras, 
suitable for Plumbicon, Vidicon and 
Si-Vidicon tubes; @optimum 
colour rendition and true colour matching; 
@ adaptable to existing systems. 


1600 satisfied customers, in the fields oi 


them discerning professionals, for whom only the best 
will do. Thatin itself is an overwhelming testimonial 
to the superior quality of Philips colour TV systems. 
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And the best possible | 
reason for doing it now! 


Thanks to the tremendous success of our professional 





Please send me full information on the Philips Video 90 
colour TV equipment range. 














colour TV systems, we have now been able to reduce the pean ae 

price of the basic colour camera drastically . Couple Address 
. this with the constant systems support and world-wide Country _ B 
service facilities that Philips provide and you can see why Telephone 





* you should choose Philips now. Contact your local 
4 Philips Organisation for further details or to arrangea 
.demonstration. Or post the coupon fora full information 
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Editorial Notices and Instructions to Authors 


Original Articles should be sent to the Editorial 
Secretary, British Journal of Surgery, cjo John Wright 
& Sons Ltd, Bristol BS8 IEX. Acceptance is on the 
understanding that contributions are to this journal 
only, and that articles and their illustrations become 
the property of the Journal unless rights are reserved 
before publication. Original illustrations must be 
securely packed and protected. 


Business Communications should be sent to John Wright 
& Sons Ltd, British Journal of Surgery, Bristol BS8 LEX. 
Remittances should be made payable to The British 
Journal of Surgery. 


Binding: Handsome Cloth Cases may be obtained 
for binding Vol. 62. Case, £3-00 post free: case and 
binding, £10-00 post free. Cases are also available for 
some of the earlier volumes. Applications should be 
made to the Publishers, who will also undertake the 
binding if desired. 


Advertisements: All communications should be 
addressed to Hexagon Publishing Co. Ltd, 10 Spencer 
Street, St Albans, Herts AL3 SEG (telephone St 
Albans 60641). 


Manuscripts 

Two good quality plain paper photocopies of all 
written and tabular material should be submitted and 
the original retained by the author; such manuscripts 
will not be returned whether accepted or rejected. 
Double spacing should be used throughout, except 
for quotations. Each article should be accompanied 
by a summary, suitable for publication. 


Illustrations and tables 
Illustrations should also be submitted in duplicate 
clearly marked on the back to show number, orienta- 
tion and author. Legends should be typed on a 
separate sheet. For halftones, unmounted glossy 
photographs or positive prints (not X-ray negatives 
or slides) are required. Colour prints should be 
accompanied by the original transparencies and a 
contribution to the cost of reproduction is always 
necessary. Drawings must be ready for reproduction; 
a leaflet giving details of the preparation artwork is 
available from the publishers and must be consulted. 
Tables should be typed on separate sheets and should 
‘have a Roman identifying number plus a short 
deScriptive heading. AH illustrations and tables must 
besreferred to in the text. 
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Presentation of statistics 
Authors are reminded that: 

a. The methods section of a paper should con- 
tain a mention of any statistical technique used. If 
the method is new or unfamiliar either a reference 
should be given or a description included as a brief == 
appendix. o 

b. If alternative techniques could have been applied © 
to the data, a short justification of the method is often 
appropriate. 7 

c. In clinical trials the confidence or tolerance limits 
of the results should be quoted, particularly when 
formal statistical significance at the 5 per cent level is 
only just reached. 

d. Abbreviations for statistical terms should follow 
those used in Documenta Geigy Scientific Tables, Tth 
edition, 1970. 





Si units 

It is Journal policy to use SI units except for measure- 
ment of blood pressure, where mm Hg is preferred. 
Authors should consult: Baron D. N., Broughton 
P. M. G., Cohen M., Lansley T. S., Lewis S. M. and 
Shinton N. K. (1974) The use of SI units in reporting 
results obtained in hospital laboratories. J. Clin. 
Pathol. 27, 590-597. Reprints are available from the 
British Medical Association, London. 


References l 

The citation of references should follow that of the 
Reference Citation Recommendations issued by 
the Medical Section of the Library Association. 
Copies of these recommendations can be obtained 
from the Secretary, Medical Section, The Library 
Association, 7 Ridgmount Street, London WCIE 
7AE. 

The name of the author and the date of publication 
are given in the text; the list of works cited is put at 
the end of the article, arranged in alphabetical order 
of authors’ names. When references to two or more. 
works by the same author occur, they are arranged 
chronologically. More than two authors may be‘ 
indicated in the text citation by the words ‘et al’, è 
following the name of the principal author; on the 
rare occasions when this may lead to confusion, the 
text citation should name as many of the collaborating 
authors as are necessary to identify the work cited. 
When several works published by the same author(s) 
in the same year are cited, they should be distinguished 
by the letters a, b, c, etc., placed immediately after the 
date. 
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In the list of works cited each reference to a journal 
article should give, in order: the names and initials of 
all authors, the year of publication (in parentheses), 
the {itle of the paper, the abbreviated name of the 
Journal (as used by Index Medicus since 1971; if no 
abbreviation give full title), the volume number 
(arabic numerals underlined) and the numbers of 
first and last pages of the article. A reference to a 
book should give, in order: the names and initials of 
all authors, compilers or editors, date of publication 
(in parentheses), the title of the book, the edition 
number (if other than first), the place of publication, 
the publisher’s name and, where appropriate, the 
number(s) of the page(s) referred to. A reference to a 
- “contribution to a book should give, in order: the 
names and initials of all authors of the contribution, 
the date of publication (in parentheses) and the title 
of the contribution; then, after the word ‘In’, there 
should follow: name(s) and initial(s) of the author(s) 
etc. of the book, the title of the book, the edition 
number (if other than first), the place of publication, 
the publisher's name and the numbers of the first and 
last pages of the contribution. 

Titles of papers and books should be given in the 
original language, with titles in Cyrillic and Greek 
alphabets transliterated. 

Only in papers in which many and frequent references 
have to be made should the items be numbered; the 
numbers may then be inserted in the text without 
interrupting it with a list of names and dates. 


Examples 

References to periodicals 

BURKE D. Cc. (1961) The purification of interferon. 
Biochem. J. 78, 536-563. 

CRICK F. H. C. and WATSON J. D. (1956) Structure of 
small viruses. Nature (Lond.) 177, 473-476. 


In an anonymous paper where the name of the journal 

is used for quotation it is not repeated: 

BRITISH MEDICAL JOURNAL (1969) 
dyspnoea. 4, 382. 


Psychogenic 


For journals without volume numbers the page 

numbers are indicated by pp. 

ISLIP P. J. and WHITE A. C. (1964) Some reactions of 
9.(3-oxindolyd) ethylamines. J. Chem. Soc. 
pp. 1201-1204. 


vi 


References to non-periodical literature 

Books , 

PAZZINI B. (1941) La Medicina Primitiva. Milano, 
Arte e Storia. 

SAXTON H. M. and STRICKLAND B. (ed.) (1972) Practical 
Procedures in Diagnostic Radiology, 2nd ed. 
London, Lewis. 


Contributions to books 

PORTERFIELD J. S. (1963) Interference and interferon. 
In: HARRIS R. J. (ed.), Techniques in Experimental 
Virology. London, Academic Press, pp. 305-326. 


Contributions to symposia 

GRAY J. A. B. (1962) Coding in systems of primary 
receptor neurons. In: BLAMENT J. W. L. (ed.), Bio- 
logical Receptor Mechanism, Symposia of the 
Society for Experimental Biology, No. 16. 
Cambridge, Cambridge University Press, pp. 
345-354, 


Congress Proceedings 

CORNFORTH J. W., CORNFORTH R. H. and MATHEW K. K. 
(1959) A new stereo-selective sy nthesis of olefins 
and its application to the synth esis of all-trans- 
squalene. In: MOSETTIG E. (ed.), Biochemistry of 
Steroids. Proceedings of the Fourth International 
Congress of Biochemistry, Vienna, 1-6 September 
1958, vol. 4, pp. 59-60. 

LOFTS B. (1965) Seasonal lipid changes and their 
possible significance in the testis of Anura. In: 
Proceedings of the Second International Congress 
of Endocrinology, London, 17-22 August | 964. 
Amsterdam, Excerpta Medica, pp. 100-105. 
(Excerpta Med. Int. Congr. Ser. 83.) 


Series details should be included when they assist in 

identification of the reference, as in the example 

preceding, or that following. 

SAINSBURY P. (1955) Suicide in London. London, 
Chapman & Hall. (Maudsley Monograph No. 1.) 


Reprints 

A form for ordering reprints together with a price list 
is sent to the author with the proofs. Reprints should 
be ordered when the proofs are returned. Single 
reprints of an article must be obtained from the 
author, not the publisher. 7 
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< using his hands. And he has to work within can’t be rushed. But we don’t keep you- 
-exceptionally fine tolerances to ensure that waiting, because we hold ample stocks 0: 
_ each part will fit perfectly when he putsit the instruments in our range. That's 


all together, | another very important part of Seward 
=- Notevery instrument supplier has the 


resources for this type of work. But at 
Seward we do -our own workshops and a 























Seward - the fast word in quality 
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The skill of the surgical team, 
hours in the theatre, the most advanced 
techniques in the world .. . and infection 

can still throw the outcome into jeopardy. 


Systemic pseudomonas or proteus infections call for 
Pyopen. Only Pyopen offers you good activity against 
these Gram-negative organisms with the added advantage 
of penicillin safety. 


Intravenous Pyopen, at a dosage of 5g 4-6 hourly a Pyopen Infusion § 
will rapidly control many of these dangerous | a 5 
infections. And Pyopen is also suitable for long-term po aain 50 oe 
therapy and for patients with lowered host defences. 


Adult Dosage 

5g ILV. 4-6 hourly. 

In patients with renal impairment dosage may be 
reduced: monitoring is advisable in these cases to ensure 
adequate serum antibiotic levels. 

Contra-indication 

Penicillin hypersensitivity. 

Side-effects 

As with other injectable penicillins. In rare cases, skin and 
mucous membrane haemorrhages due to interference with 
normal clotting mechanisms have been reported. 


Pyopen- by infusion or injection 


Further information is available on request. . 
Pyopen* (carbenicillin sodium B.P.) is a British product originated by 


Beecham Research Laboratories, Brentford, England. *regd. » 
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METABOLISM AND THE RESPONSE TO INJURY 
A. W. WILKINSON and SIR DAVID CUTHBERTSON 


This must be regarded as the definitive work, at the highest level, of the broad, and widening field of research 

into “the metabolic response to injury”. As the number of serious accidents and acts of violence increases, and 

as surgery itself becomes more advanced it becomes more and more necessary to appreciate the multiple P 
reactions involved in how tissues repair themselves, or can be induced to repair themselves. The book includes . 
contributions from most of the major research groups in the world, in the human field, and the approach is 
multi-disciplinary, combining a unique integration of biochemistry, physiology, pathology, surgical technique 

and clinical appreciation. This is a major work which brings the whole subject completely up to date. 


362 pages illustrated Cased £10-00 


PRINCIPLES OF THYROID SURGERY 
J. M. BEAUGIE 


A comprehensive account of the thyroid gland from the point of view of the practising surgeon. An account 

is given of the physiology, anatomy and pathology of the thyroid, as well as the diagnosis and treatment of its 

disease. The book is written for postgraduate surgeons in training, and candidates for the Fellowship. The 

methods of treatment of thyrotoxicosis are discussed, and the use of subtotal thyroidectomy is examined in 4 
detail. Non-toxic goitres are next discussed, with emphasis on the medical management of many of these 

conditions, Solitary nodules are described in a chapter of their own. Each type of malignant thyroid neoplasm 

is described separately. The use of surgery, radioiodine and external irradiation is discussed. A technique for 

thyroidectomy is described. Finally, the management of the hypothyroid patient is fi uly dealt with. 


240 pages lilustrated Cased £7-00 


PRACTICAL CRYOSURGERY 
Edited by H. B. HOLDEN, with a Preface by SIR JAMES FRAZER 


One of the leading exponents of cryosurgical techniques in ENT surgery has gathered a team of specialists to 
produce a review of the application of cryosurgery in all surgical fields. Contents include: History of Cryosurgery 
—Cryosurgical Instrumentation—-Ophthalmology-—-Non-neoplastic conditions of throat and nose~-Neuro- 
surgery---Gynaecology—-Urology—Cryo-biopsy—General Surgery. 


150 pages Illustrated Paperback £350 


AIMS AND MOTIVES IN CLINICAL MEDICINE 
B. P. BLISS and A. G. JOHNSON 


Provides a set of guidelines in the form of questions which allow ethical decisions to be reached by an individual 
faced with an ethical problem; concentrates on a practical rather than a theoretical approach to medical ethics: 
avoids ethical jargon and is easy for the practising clinician to read and understand. Includes many practical 
clinical examples set against the guidelines, 


196 pages Paperback £3-50 


THE DYING PATIENT 
Edited by R. W. RAVEN 


Caring for dying patients and giving sympathetic support to bereaved families are profoundly important parts 
of the work of doctors, nurses, ministers and other members of the caring professions. Suitable adequate 
instruction is therefore required during their training, fitting them to deal with these difficult and delicate 


problems throughout their professional lives. There is general agreement that this subject has not received . 
adequate study, but is now attracting increasing attention. The book will prove helpful for all who work in the 
caring professions and anyone who is confronted with, or wishes to know more about these problems. 
lé0 pages Paperback £3-00 ” 
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MICROVASCULAR RECONSTRUCTIVE SURGERY 


Bernard McC, O’Brien 
384 pages highly illustrated £14,00 


One of the most challenging areas to emerge during the 
last decade in reconstructive surgery has been 
microvascular surgery. 

In this book, the techniques of repair and grafting of smali 
arteries and veins of approximately | mm in diameter are 
described, incorporating a detailed study of the 
histopathology of these procedures. The important area 
of the organisation of a microsurgery unit at both laboratory 
and clinical levels with maximum community service 

is stressed. 

An up-to-date series of chapters on clinical microvascular 
surgery forms the main section of the book. These include 
a wide coverage of digital and major replantation surgery. 
The indications, techniques, post-operative management 
and early and long term results are discussed. Composite 
tissue transfers involving microvascular free flaps and 
omental transfers with their wide range of application are 
dealt with, as is the single stage double toe transfer for 
severely disabled hands. 


Churchill Livingstone 23 Rayvelston Terrace Edinburgh EH4 3TL 
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Chapters on microneural repairs and grafts add further to 
the book, with a final chapter on the microsurgery of 
misceHancous structures and small organs including the 
fallopian tube, vas deferens, colonic and jejunal transfer, 
undescended testes, experimental renal transplants and 
penile replantation. 


AIDS TO POSTGRADUATE SURGERY 


Meirion Thomas and John S. Belstead 
148 pages £2.25 


Having recently experienced the practical problems of 
studying for the FRCS examination the authors felt there 
was a need for a text that would review the most recent 
opinions and developments in surgery and guide the student 
to some key references where more detailed considerations 
may be sought. 


The references selected have been drawn wherever possible 
from the more commonly available journals. 

The selection of topics is based mainly upon areas of 
current controversy in surgery and areas of knowledge 
largely contained only in journals. 


JUST PUBLISHED 
SURGICAL 
DIAGNOSIS 


BY 


GEORGE QVIST, 


F.R.C.S., Surgeon, Royal 
Free Hospital, London. 


867 illustrations. £15-00 net. 


H. K. Lewis & Co. Ltd. 


136 GOWER STREET 
LONDON, WCIE 6BS 
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of patients with colitis, and only a few patients 
cannot tolerate this relatively small dose, which 
can be continued indefinitely since we do not know 
when, if ever, it can be safely stopped’’.* 

Salazopyrin (sulphasalazine) is available as the 
plain 0.5g. tablet, o.ṣg. EN-tab and as an o.sg. 
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Comparison of pulmonary artery pressures and mixed 
venous oxygen tension with other indices in acute 
haemorrhage: an experimental study* 


B. J. PARDY AND H. A. F. DUDLEYt 


SUMMARY 

A pulmonary artery cannula allows the determination of 
free and wedge pulmonary artery pressures and mixed 
venous oxygen tension. These indices have been reported 
to provide useful information in the assessment of the 
haemodynamic status of the ill patient. The purpose of 
this study was to compare them with systemic arterial 
and central venous pressures as predictors of cardiac 
output during acute continuous haemorrhage in the dog. 
Pulmonary artery pressure changed almost linearly with 
cardiac output, and the percentage changes in each 
were similar; by contrast, systemic arterial pressure 
was an inferior predictor of cardiac output. Pulmonary 
artery wedge pressure fell rapidly in the initial phase of 
bleeding, but right atrial pressure more gradually. The 
oxygen tension of blood in the pulmonary artery fell 
steadily during haemorrhage. These findings suggest 
that data derived from the use of a pulmonary artery 
cannula may be more useful than systemic arterial and 
central venous pressures in the detection of hypovolaemia 
and reduced cardiac output; more frequent use of a 
pulmonary artery cannula should be made in patients in 
whom blood volume may fluctuate rapidly. 


METHODS used to assess the well-being of the cardio- 
vascular system in surgical patients include measure- 
ment of pulse rate, systolic and diastolic arterial 
pressure, central venous pressure and the rate of urine 
production. It is reasonable to infer that they all bear 
some relationship to left ventricular function and 
blood volume, on which two factors perfusion 
ultimately depends. Nevertheless, they are indirect 
indes or influenced by other factors (for example, 
peripheral resistance). Pulse rate and arterial pressure 
may remain unchanged despite a significant reduction 


‘in blood volume, and changes in central venous 


pressure may also lag or be misleading (Brisman et al., 
1967); further, central venous pressure measures the 


balance between venous return and the output of the 
right heart, and is thus a direct reflection of right 
rather than left ventricular function (Hudspeth and 
Cordell, 1966). Left atrial pressure gives similar 
information about the left heart, but unfortunately 
it is not normally practicable to measure left atrial 
pressure in general surgical patients. However, a 
catheter in a radicle of the pulmonary artery can 
measure pulmonary artery and wedge pressures if 
either the catheter is advanced to impact or a balloon 
proximal to its tip is inflated. Pulmonary artery wedge 
pressure is closely related to left atrial pressure - 
(Connolly et al., 1954) and it has been reported that ~ 
pulmonary artery wedge pressure is a more reliable. 
guide than central venous pressure in the assessment 
of cardiac output and blood volume in critically ill 
patients (Archer and Cobb, 1974). In addition, data 
from patients during and after cardiopulmonary 
bypass (Stanley and Isern-Amaral, 1974) have shown 
a strong relationship between the adequacy of tissue 
perfusion and the oxygen tension of mixed venous blood. 

Flow-directed balloon-tipped catheters which are 
suitable for measurement of these variables have been 
available since 1970 (Swan et al., 1970), but their use 
in general surgical patients who may be subject to 
rapid fluctuations in blood volume or function of the 
left heart because of metabolic abnormalities has not 
been widely reported. To ascertain if measurement of 
pulmonary artery and wedge pressures and mixed. 
venous oxygen tension (PVO) would give indications 
of enhanced value by comparison with more cons 
ventional methods under conditions of rapidly 
changing blood volume, we have undertaken simul- 
taneous measurement of these and related them to 


* Presented to the Anaesthetic Research Society, London, on 


1 November 1975. 
+ Surgical Unit, St Mary’s Hospital Medical School, London. 
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cardiac output in the dog subjected to acute haemor- 
rhage. 


Materials and methods 

Eleven greyhounds of mean weight 24-5 kg were used. 
Anaesthesia was induced with thiopentone sodium 
20 mg/kg i.v., followed immediately by pentobarbi- 
tone sodium 6 mg/kg. The animal was placed supine, 
a cuffed endotracheal tube passed and ventilation with 
room air maintained by a volume-cycled pump 
respirator. A thermocouple probe was sited in the mid- 
oesophagus for the recording of core temperature, and 
relaxant anaesthesia was maintained with a continu- 
ous intravenous infusion of pancuronium bromide 
({Pavulon, Organon) and methohexitone sodium 
(Brietal Sodium, Eli Lilly). Tidal volume was adjusted 
so that end-tidal CO, concentration was approximately 
4-5 per cent as determined with an infrared analyser 
(Godart Capnograph, Type B.E.). Cannulas were 
passed into the pulmonary artery for pressure 
recording and mixed venous blood sampling, into a 
femoral artery for pressure recording, into a carotid 
artery for sampling of arterial blood and for bleeding 
and into the right atrium for measurement of central 
venous pressure. Pressures were transduced with 
strain gauges (S.E. Laboratories SEM 4.88), the 
signals pre-amplified (SAN-EI Biophysiograph 180) 
and mean pressures traced on a potentiometric 
recorder (Multicorder, Watanabe). 

Cardiac output was measured by the direct Fick 
principle. For the latter, expired air was directed by 
a collect valve (Sykes, 1969) through an on-line 
analysing system comprising air-mixing bags, a 
paramagnetic oxygen analyser (Taylor Servomex 
OA.272), the infrared CO, analyser and a dry spiro- 
meter (Parkinson Cowan CD4). Arterial and mixed 
venous blood samples were analysed for pH, and O, 
and CO, tensions using a micro-electrode system 
(Blood Micro System, Type BMS3, Radiometer). The 
CO, concentrations of gases used to calibrate the 
infrared analyser and CO, electrode had been 
determined by the Haldane method. Arterial blood 
haemoglobin concentration was read on a Coulter 
Counter, Model S. 

Calculations were performed on a PDP-81 digital 
computer. A blood-gas factor of 4 per cent was applied 
to readings obtained with the O, electrode (Adams et 
al., 1967), and blood pH, and O, and CO, tensions 
were corrected for temperature (Kelman and Nunn, 
1966). The O, saturation was derived from the tension 
“using an equation for dog blood (Rossing and Cain, 
1966), and O, content determined on the basis that the 
O,-combining power of blood was 1-39 ml/g (Sykes et 
al., 1970). Alveolar O, tension was calculated from the 
alveolar air equation using gas tensions. Expired air 
volume and gas concentrations were corrected for 
temperature and pressure and cardiac output deter- 
mined using standard equations. 

The overall plan of the experiment is shown in 
Fig. 1. After induction of anaesthesia cannulas were 
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inserted and the spleen removed to obviate the 
effects of the splenic reservoir. There ensued a period 
of stabilization after which baseline measurements of 
pressures and cardiac output were made. Blood was 
then pumped (Watson-Marlow H. R. Flow Inducer) 
from the carotid artery cannula at a constant rate of 
between 1 and 3 mlkg~! min`! until the systemic 
arterial pressure began to fall sharply. Measurements 
were performed at the intervals shown, while bleeding 
continued. The tidal volume setting on the respirator 
was not altered after the baseline measurements, there- 
by avoiding the need to determine the expired air rate 
during bleeding and enabling more rapid analyses of 
cardiac output. 


Results 

All the dogs survived the period of continuous 
haemorrhage and none was discarded from the series 
for technical or other reasons. The change in mean 
systemic arterial pressure during a typical experiment 
is shown in Fig. 2. In this animal bleeding was stopped 
after 20 minutes when the arterial pressure was 
declining rapidly. The duration of bleeding in the 
11 dogs was 17:0+46min (mean+ts.d.) and the 
volume of blood removed 32 + 9 ml/kg. Mean systemic 
arterial pressure fell from 168+ 12 to 91+ 16mm Hg, 
and cardiac output fell from 182+43 to 48+12ml 
kg! min-, 

Changes in cardiac output, systemic arterial 
pressure and pulmonary artery pressure during bleed- 
ing for all the experiments are depicted in Fig. 3. The 
abscissa is the percentage of the total volume of blood 
removed. Values of cardiac output, systemic arterial 
pressure and pulmonary artery pressure were found 
by interpolation for the points at which 33, 67 and 
100 per cent of the total volume of blood withdrawn 
had been removed. During bleeding mean systemic 
arterial pressure was well maintained despite a fall in 
cardiac output to 51 per cent of the control value, and 
the correlation between systemic arterial pressure and 
cardiac output was only moderate (r = 0-81, with 95 
per cent confidence limits of 0-66 and 0-96). In 
contrast, pulmonary artery pressure declined steadily 
during bleeding, and there was a good correlation 
between the changes in pulmonary artery pressure and 
cardiac output (r = 0-94, with 95 per cent confidence 
limits of 0:89 and 0-97). In addition to this good 
correlation, the changes in pulmonary artery pressure 
and cardiac output expressed as percentages of the 
control values were almost identical (Fig. 4). 

Central venous pressure declined steadily during 
bleeding (Fig. 5), but there was a sharp fall in pul- 
monary artery wedge pressure during early bleeding. 
P¥o, also fell steadily as cardiac output was reduced 


(Fig. 6). The correlation of Pvo, and cardiac output - 


was r= 0°85 with 95 per cent confidence limits of 
0-73 and 0-92. The fall in oxygen consumption during 


haemorrhage is shown in Fig. 7, and haemoglobin ' 


concentration of arterial blood was reduced "by 
1-2+0-5 g/dl. ° 
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Fig. 1. Plan of the experiment. 
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Fig. 2. Change in mean systemic arterial pressure during 
‘bleeding in a typical experiment. 
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Fig. 3. Changes in cardiac output and systemic and 
pulmonary artery pressures during removal of blood in 
11 dogs. 
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Fig. 5. Changes in central venous pressure and pulmonary 
artery wedge pressure during bleeding. 
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Discussion 

The results confirm that systemic arterial pressure is 
likely to be maintained despite a significant reduction 
in blood volume and cardiac output, and emphasize 
the relative unreliability of systemic arterial pressure 
as a guide to cardiac output. Systemic vascular 
resistance increases as blood volume and cardiac 
output fall, and therefore arterial pressure is main- 
tained. The lack of similar active mechanisms in the 
pulmonary vasculature explains in part the more 
linear relationship between pulmonary artery pressure 
and cardiac output. 

Pulmonary artery wedge pressure declined sharply 
during early bleeding, in contrast to the smaller but 
even fall in central venous pressure. Thus, pulmonary 
artery wedge pressure should be a more sensitive 
indicator of early bleeding than central venous 
pressure. Pulmonary artery pressure is a function of 
right ventricular performance, vascular resistance in 
the lung and left atrial pressure. If right ventricular 
performance and vascular resistance remain un- 
changed, then pulmonary artery pressure will vary 
with left atrial pressure. If pulmonary artery wedge 
pressure indicates left atrial pressure, then pulmonary 
artery pressure will vary approximately as the 
pulmonary artery wedge pressure, and this partly 
explains the parallelism of changes in pulmonary 
artery and wedge pressures during haemorrhage. 
However, it should be noted that this relationship 
does not take account of regional closure of the 
pulmonary capillary bed which disturbs the relation- 
ship between pulmonary artery pressure and left 
atrial pressure (Kane et al., 1976). In that capillary 
closure is more widespread during hypovolaemia, it is 
conceivable that pulmonary artery pressure would in 
such circumstances be a better integrated indicator of 
left atrial pressure than a selective pulmonary artery 
wedge pressure. 

P¥o, is an indirect indication of the balance between 
the amount of oxygen delivered to the tissues and the 
amount being consumed. Therefore, it reflects, among 
other things, the adequacy of cardiac output in relation 
to tissue metabolic rate. It is to be expected then that 
P¥o, should decline as cardiac output is reduced 
during bleeding, because of increased tissue extraction 
of oxygen from the blood. In this study the correlation 
between PVO, and cardiac output was moderate, and 
the fact that it was not closer can be attributed to the 

_fall in haemoglobin concentration which occurred in 
_our experiments and has been reported by others 
(Jenkins et al., 1961), and in oxygen consumption, 
during rapid bleeding in the dog. PVo, can only be a 
‘good predictor of cardiac output if arterial POs, 
haemoglobin concentration and tissue oxygen con- 
sumption remain unchanged or if these can be 
measured. 

Because of the recognized deficiencies in the use of 
systemic arterial pressure in the haemodynamic 
assessment of patients, central venous pressure is 
widely used as a bedside index of cardiac performance. 
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Separation of low output states secondary to volume 
depletion from those with defective myocardial 
function is aided by measurement of central venous 
pressure (Cohn et al, 1967). However, because 
central venous pressure only indicates right ventricular 
filling pressure, it may be misleading if left ventricular 
failure occurs in shock in the absence of right ventri- 
cular failure. This is pertinent because severe right 
ventricular injury does not significantly affect haemo- 
dynamics (Starr et al., 1943), and the generalized 
impairment of myocardial function during non-cardiac 
shock may result in predominantly left ventricular 
failure. 


With this in mind and in the light of the findings of- 


the current study in relation to acute hypovolaemia, 
it is suggested that greater use should be made of the 
pulmonary artery cannula in patients in whom blood 
volume may be expected to fluctuate rapidly. How- 
ever, a full analysis of disordered cardiovascular 
function under such circumstances will require the 
determination of oxygen consumption and flux, and 
methods for this which can be deployed at the bedside 
need to be developed. 
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The pathophysiological changes of experimental fat 
embolism: early pre-hypoxaemic changes 
J. SIKORSKI, B. J. PARDY, J. W. B. BRADFIELD AND H. A. F. DUDLEY* 


SUMMARY 

Glyceryl trioleate has been injected into greyhounds as 
a model of the fat embolism syndrome. Pulmonary 
vascular pressures, systemic arterial pressure and 
cardiac output were determined at regular intervals 
over an 8-hour period. It has been shown that glyceryl 
trioleate causes an increased pulmonary vascular 
resistance and a fall in cardiac output. These effects are 
mediated partly by a direct mechanical block of 
pulmonary vessels and partly through a thrombogenic 
property of the injected fat. The relevance of these 
findings to the clinical situation is discussed and a 
sequence of events for the fat embolism syndrome is 
proposed. 


Tae classic fat embolism syndrome is usually detected 
24-48 hours after an episode of trauma (Leading 
Article, 1970) and is characterized by a hypoxaemia 
which is said to precede other signs (Ross, 1970; Cole, 
1972). This part of the syndrome is thought to be 
caused by a breakdown of embolic fat to give fatty 
acids in the lungs (Peltier, 1956). The most important 
fatty acid in this context is probably oleic acid, which 
has cytotoxic properties (Blumel et al., 1973) and is a 
normal component of bone marrow fat (Peltier et al., 
1956). Oleic acid causes a marked disruption of the 
lung, including stripping of the capillary endothelium, 
destruction of the alveolar wall, congestion, oedema 
formation (Brown, 1973) and a reduction in surfactant 
(Blumel et al., 1973). 

However, there is an increasing awareness of an 
earlier phase in the fat embolism syndrome. This 
consists of a rapidly progressive right heart failure 
accompanied by pulmonary hypertension (Peltier et 
al., 1956). This has been verified experimentally 
(Brueke et al., 1971) and in one patient (Lemaire et al., 
1973). Histologically, this phase corresponds to 
pulmonary vascular obstruction at the arteriolar level 
(Peltier et al., 1956; Brown, 1973). These features 
precede the development of arterial hypoxaemia 
(Brueke et al., 1971; Derks and Peters, 1974). Because 
these changes have not been documented in detail we 
have undertaken a study of the changes in pulmonary 
vascular haemodynamics which occur in the 8 hours 
after fat infusion, and have tried to correlate them 
with histological findings. 


Materials and methods 


Six greyhounds, each weighing 23-24 kg, were used in 
the experiments. The anaesthetic, operative and 


calibration techniques, and the calculations were 
as described previously (Pardy and Dudley, 1977). The 
animals were anaesthetized, paralysed and ventilated 
with room air. Incisions were made in the neck and 
groin and cannulas were placed in the right atrium 
and pulmonary artery, via an external jugular vein, 
for fat infusion and pressure monitoring, and in the 
femoral artery for systemic blood pressure measure- 
ment. Splenectomy was performed to remove the 
splenic blood reservoir. 

Glyceryl trioleate (Trioleine, BDH Laboratory 
Reagents) 0-5 mg/kg body weight was infused at a 
constant rate through the right atrial cannula over a 
period of 19-32 seconds. 

Mean systemic arterial, pulmonary artery and 
wedge pressures were measured and cardiac output 
calculated by the direct Fick principle immediately 
before and 1, 3, 5 and 8 hours after fat infusion. 

Animals were killed 8 hours after fat infusion by an 
intravenous injection of 10 mi 20 per cent potassium 
chloride. After macroscopic examination, samples of 
tissue were taken from the dorsal and ventral aspects 
of the lower lobes of each lung and from the liver, 
kidneys and diaphragm for fixation in formol saline. 
The heart was removed in its entirety after tying off 
the main vessels. For conventional stains tissues were 
embedded in paraffin wax and sections 4 um thick 
were stained with haematoxylin and eosin. Some 
sections were stained with Martius scarlet blue 
(Lendrum et al., 1962) for fibrin. For fat stains thin 
slices of fixed tissue were soaked overnight in a 
solution of 6 per cent w/v dextrans of average 
molecular weight 70000 in 5 per cent dextrose 
(Lomodex 70, Fisons Ltd) before sectioning at 5 um 
and staining with oil red O for neutral fat. The histo- 
logical appearances of the lung, liver and kidney were 
compared with the tissues from 6 dogs subjected to a 
similar period of anaesthesia and physiological 
monitoring (to be reported). 


Statistics 
The results were expressed either as the individual 
results of one experiment or as the mean of 6 experi- 
ments with the standard deviation. The results were 
analysed using Student’s f-test for paired data. 
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Fig. 1. Haemodynamic changes following fat infusion in one 
animal. Pulmonary artery and wedge pressures, pulmonary 
resistance, cardiac output and arterial blood pressure are 
shown immediately before and 1, 3, 5 and 8 hours after 
infusion of fat. 


Results 


General 

Five of 6 dogs survived for the whole experimental 
period. One died 7 hours after the infusion, 4 showed 
severe and maintained cardiovascular changes, while 
in one the changes were transient. 


b Cardiovascular changes 
The pattern shown by one animal with severe cardio- 
vascular disturbance is outlined in Fig. 1. There was 
an increase in the pulmonary artery pressure which 
was progressive for the first 5 hours. The pulmonary 
artery wedge pressure did not change proportionally 
so that there was an increase in the pulmonary 
perfusion pressure. Cardiac output fell and pulmonary 
resistance increased. The arterial blood pressure was 
maintained initially but had fallen by the end of the 
8-hour period. The animal that died showed similar 
changes qualitatively, but they were more severe. In 
one dog there were transient changes only—~an 
immediate increase in pulmonary perfusion pressure, 
* *a fall in cardiac output and an increase in pulmonary 
resistance. Five hours after the fat infusion the cardiac 
“output and pulmonary resistance had returned to the 
. pre-infusion values. 
"The changes in cardiac output for all 6 experiments 
are shown in Fig. 2. There was a significant reduction 
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Fig. 2. Cardiac output changes following fat infusion. Each _ 
point is the mean of 6 experiments shown with the standard .. 
deviation. oo 
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Fig. 3. Pulmonary resistance changes following fat infusion. 
Each point is the mean of 6 experiments shown with the 
standard deviation, 












at 1 hour (P<0-01) from a mean control value of 
4-4 litres/min to 2-4 litres/min, a fall of 46 per cent. 
There was no significant change thereafter. 
Pulmonary resistance increased by 289 per cent in —- 
the first hour after infusion of fat. The increase is — 
significant (P<0-01). There was no significant change ; 
subsequently (Fig. 3). 
Blood gas changes 
Arterial Po,, Pcos and pH did not change significantly 
in the hour after fat infusion, so that the changes in 
cardiac output and pulmonary resistance preceded any 
hypoxaemia which might have occurred subsequently. 


Post-mortem changes 
Lungs: After conventional staining, light microscopy 
showed clear globular spaces varying between 15 and 
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Fig. 4. Microscopic appearance of lung. Within a small 
artery (A) blood is displaced by globules of impacted fat, 
shown as rounded clear spaces. B, Bronchiole. HE. (x 33.) 
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Mie os A d y rer 
Fig. 5. Microscopic appearance of lung. Within an artery 
the coiled thrombus with many enmeshed small globules of 


fat, stained black, is very suggestive of an impacted embolus. 
Oil red O. (x 50.) 


250 um in diameter occluding arteries from 800 um in 
diameter down into the capillaries (Fig. 4). Fat stains 
confirmed that these spaces were caused by fat. In 
most dogs the packed globules occluded the lumen 
without thrombosis, but in others there was formation 
of granular thrombus in the intervening spaces. In one 
dog there was complete occlusion of an artery of 
-1:3 mm diameter by a laminated thrombus enclosing 
fat droplets (Fig. 5). This appearance was very 
suggestive of a fat thrombo-embolus, rather than of 
thrombus formation in situ. Staining for fat also 
demonstrated focal areas of fat embolization to 
alveolar capillaries and small arterioles. There was no 
cellular inflammatory reaction to these fat emboli. In 
one dog there was haemorrhage around many of the 
small arteries (diameter 250-450 um) with fat in the 
areas of haemorrhage. None of these changes was 
present in lung tissue from control animals. 





Fig. 6. Microscopic appearance of thrombus formed around 
fat in the right ventricle. The dark areas comprise fibrin, 
platelet thrombus with incorporated red cells. Rounded 
clear spaces are caused by fat. HE. (x 30.) 
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Fig. 7. Haemorrhage into the mitral valve ring and cusps. 


Heart: Blood drained from the right side of the heart 
invariably contained visible fat droplets. These were 
not seen in blood drained from the left side. In 5 of the 
6 dogs there was thrombus within the right heart 
cavity. This was apparently free in 5 cases but attached 
to the tricuspid valve in one. These thrombi were 
composed of globules of fat between 15 and 260 um in 
diameter enmeshed in a mass of platelets and fibrin 
(Fig. 6). 

A consistent macroscopic abnormality was the 
presence of subendocardial haemorrhages into the 
leaflets and valve ring of the mitral valve (Fig. 7). 


Histological examination confirmed disruptive’ 
haemorrhage into the leaflet and valve ring and also 
into the adjacent myocardial muscle and fat. s 


There was no evidence of thrombus or fat emboliza- 
tion in the coronary tree, or any evidence of myo- 
cardial infarction. < 


r 


Other viscera: In the kidney fine droplets of fat were 
present in the cytoplasm of collecting duct epithelial 
cells in 4 out of 6 dogs injected with fat, and similarly 
in 4 out of 6 of the controls. In the kidney of one 
dog which received fat, small globules of fat were 
present in 23 per cent of glomeruli, within the capillary 
lumen. There was no evidence of thrombus or fibrino 
necrosis in the kidneys of injected or control dogs. In 
the liver Kupffer’s cells did not contain fat. 


Discussion 

Our results confirm the impression that unsaturated 
fat can cause a large increase in pulmonary vascular 
resistance. The pathological basis is multifactorial. 
We have confirmed histologically that fat can cause a 
mechanical obstruction to the pulmonary vasculature. 
Unsaturated fat obstructs the circulation at capillary 
and arteriolar level, confirming the observations of 
Peltier et al. (1956) and Brown (1973). We have also 
detected an obstruction in arteries of 800 um diameter 
by fat globules each measuring up to 300 um. 

Another factor which contributes to the increase in 
pulmonary resistance is the thrombus formation that 
we have described both in the right heart and in the 
lungs. The thrombus in the lungs may be the result of 
either thrombosis in situ or it may have embolized 
from the thrombus formed in the right heart. 

The finding of fat intermixed with thrombus in the 
right heart strongly suggests that unsaturated fat is 
thrombogenic. A potent thrombogenic influence in 
the circulation could cause a consumption coagulo- 
pathy. This is especially relevant when one considers 
that unsaturated fat is cleared slowly from the 
circulation (Sikorski et al., 1976). Thus, the long 
continued presence of unsaturated fat in the circula- 
tion could be the cause of the thrombocytopenia and 
failure of the normal clotting mechanism that has been 
noted in the clinical fat embolism syndrome. 

The consistent findings of haemorrhage into the 
mitral valve and the underlying muscle remains 
unexplained. The fact that the pulmonary wedge 
pressure did not rise suggests that the function of the 
valve was not compromised. Whether this lesion 
would become significant with time, as fibrosis 
occurred, we are not able to say. 

In this model there was a consistent and, in most 
cases, a severe fall in cardiac output after the infusion 
of fat. The most likely explanation for these changes 
is that the increase in pulmonary vascular resistance 
reduces blood flow through the lungs so that there is 
a reduction of venous return to the left heart and 
thus a secondary reduction in cardiac output. That 
these findings have clinical relevance is suggested 
by the observations of Scuderi (1941). He noted that 


“patiehts with fat embolism dying soon after injury 


commonly show evidence of shock and cardiac 
faflure. 

Extrapolating these results to the clinical situation 
the ‘following sequence of events is probable in 
the *early phase of the fat embolism syndrome. 
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Unsaturated fat is forced out of bone marrow into the 
venous circulation by a fracturing or concussing 
force and embolizes to the right heart. Some fraction 
of this fat remains in the right heart whiletheremainder 
passes on into the pulmonary circulation. Unsaturated 
fat in the right heart initiates a local thrombotic 
reaction. The resulting thrombus either remains in the 
heart or some part of it embolizes to the lungs. The — 
fat which has embolized to the lungs produces a — 
mechanical obstruction to blood flow by obstructing 
small vessels by virtue both of its size and its throm- 
bogenic potential. Unsaturated fat globules, local k 
thrombosis and thrombo-emboli all cause an increase — 
in pulmonary resistance and a reduction in cardiac m 
output. These changes will aggravate and confuse 
clinical situations which are complicated by hypo- 
volaemia. In addition, intravascular thrombosis may 
precipitate a consumption coagulopathy and any 
haemorrhage will be aggravated. In some cases the 
mixture of pulmonary vascular obstruction and 
hypovolaemia may be overwhelming and the patient 
dies in the early or acute phase. In some, and probably 
the majority of cases, the acute phase is not sufficiently 
severe to be fatal and these patients survive to run the 
risk of the later chemical phase which is regarded as 
the classic syndrome. 
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- Experimental fat embolism: a dynamic assessment of 
pulmonary fat-handling characteristics 
J. M. SIKORSKI, B. J. PARDY AND H. A. F. DUDLEY* 


SUMMARY 

Injection *I-glyceryl trioleate (0-5 mg/kg) into the 
right atrium of anaesthetized greyhounds caused the 
following changes: sequestration of fat in the right side 
of the heart; 95 per cent removal by the lungs in a single 
passage through the pulmonary circulation; subsequent 
release of fat into the systemic circulation; rapid overall 
turnover of fat trapped in the lungs and slow removal of 
recirculating fat by other tissues. 

We believe that if there is release of unemutlsified fat 
into the circulation in traumatic fat embolism these 
findings are of significance in interpreting the subsequent 
pulmonary events. 


AFTER major trauma fat is found in the lungs. In one 
study of 10000 violent deaths the incidence of 
pulmonary fat embolism was 100 per cent (Szabo et al., 
1963). It is a basic assumption that in order to 
produce the pathological features of fat embolism the 
fat must be unemulsified and not part of a lipoprotein 
complex, yet little is understood about the way in 
which unemulsified fat is handled in the body. It is 
known that unemulsified fat injected into the circula- 
tion of experimental animals can be recovered from 
the lungs (Brueke et al., 1971) after both intravenous 
and intra-arterial injection (Szabo, 1970). In man fat 
seems to disappear from the lungs with time because 
the amount of embolic fat detected histologically 
decreases as the time lapse between injury and 
examination increases (Szabo, 1970). 

These and similar observations at autopsy are 
necessarily static and so reflect only the presence of 
fat at a single moment. They do not provide informa- 
tion about the rate of fat accumulation in the lungs. 
It is not known whether the fat is cleared in a single 
passage and then released or whether there is gradual 
deposition of fat with each passage through the lungs. 
Similarly, it is not known whether fat in the lungs, 
once deposited, stays there or whether there is rapid 
turnover. 

We have attempted to build up a dynamic picture 
of the way in which the lungs handle unemulsified fat 
by following the appearance of labelled fat in aortic 
blood after injection into the right atrium. We have 
“augmented these findings by measuring the amount of 
fat in the lungs at post-mortem. 

, Materials and methods 
Six greyhounds were used in the experiments. Each 
dog was starved but given water ad libitum for 20 hours 


before induction of anaesthesia. The animal was. 


anaesthetized and paralysed with a constant infusion ~ 


of methohexitone sodium (Brietal, Lilly) and pan- i 
curonium bromide (Pavulon, Organon) after induction i 


with thiopentone sodium and pentobarbitone sodium. 
It was ventilated on an Ideal constant flow ventilator 


(16/24, C. F. Palmer Ltd, London). Incisions were — 
made in the neck and groin and cannulas were placed _ 
as follows: the right atrium via an external jugular — 
vein for pressure recording and fat infusion, the aortic — 


arch through the common carotid for blood sampling 
and the femoral artery for systemic blood pressure 
measurement. Splenectomy was performed to remove 
the splenic blood reservoir because this may alter 
pulmonary pressure and flow characteristics, for this 


animal, in conditions of stress. Cardiac output was 


determined before and 1, 3, 5 and 8 hours after fat 
infusion. Calculations were made using the standard 
Fick equation. 

Glyceryl trioleate (Trioleine, BDH Laboratory 
reagents) was labelled with =I (Radiochemical, 
Amersham) according to attested methods (Lubran 
and Pearson, 1958), and subsequently diluted to give 
an activity of approximately 2000 ct min`! 5 ul~! fat 
to be injected. The labelled fat was administered 
through the right atrial cannula by a constant infusion 


pump. The administered dose was 0-5 mg/kg body — 


weight and the total volume was infused over a period 
of 19-32 seconds (mean 24 seconds), the infusion time 
being noted in each case. The right atrium was chosen 
as the injection site, as a more peripheral point would 
necessitate making the assumption that unemulsified 
fat did not adhere to the walls of veins, while injection 
into a pulmonary artery could result in streaming and 
an uneven distribution of fat in the lungs. 

Aortic blood sampling began at the same time as 
the start of the infusion. Fifty samples were taken at 
I-second intervals by manual fraction collection into 
pre-weighed tubes advanced in time with a metronome. 


After 50 seconds, samples were taken every 5 minutes l 


for 1 hour and then at hourly intervals for 7 hours. 
The total duration of each experiment was 10 hours, 
or 8 hours after fat infusion. 

One dog died spontaneously 64 hours after fat 


infusion. The 5 surviving animals were killed by an 


intravenous injection of 20 per cent potassium 
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Fig. 1. Mean concentrations of I in aortic blood expressed 
in mg 3“J-glyceryl trioleate/(mg blood with their standard 
deviation, plotted against time, for all 6 experiments. Time 1 
second represents the time at which fat first appears in 
aortic blood. The time axis is subdivided to show the first 
40 seconds, the first hour and the subsequent 7 hours 
separately. 


Table I: MEASURED (M) AND THEORETICAL (M) 
FAT CONCENTRATIONS IN AORTIC BLOOD 
50 SECONDS AFTER FAT INFUSION 


M M % appearing in 


Experiment (mg/g blood) {mg/g blood) aortic blood* 
i 0-12 13-35 1 
2 0-16 12-82 i! 
3 0-24 6:99 3 
4 0-14 3-09 4 
5 0-20 5-97 3 
6 012 9-14 I 





* See text, 


Table H: CARDIAC OUTPUT (CO, ml/min), AORTIC 
BLOOD FAT CONCENTRATION (M, mg/g) AND 
CALCULATED FAT FLUX (mg/min}) AT 1 AND 

8 HOURS AFTER FAT 





th Sh 
Experiment CO M _~ Fat flux CO M Fat flux 
I 1478 0-39 576 724 0-40 290 
2 1607 029 466 2679 O10 268 
3 1797 034 őli 1101 028 308 
4 3203 0-25 801 2773 0-20 555 
5 3501 0°37 1295 1955 0-27 528 
6 2874 0-31 891] 2309 0-16 369 
Mean 2410 033 686 1924 0-24 386 
s.d. 886 005 419 843 Oll 125 





chloride. Postmortem examinations were performed 
immediately. The chest was opened and the lungs 
were excised and weighed, In 5 experiments they 
were minced. In 4 experiments all the blood in the 
right side of the heart was collected by isolating the 
superior and inferior venae cavae and the pulmonary 
trunk, tying each off, excising the heart distal to the 
ligatures, emptying the left heart and then opening the 
right heart into a bowl. Blood from the right heart was 


collected and its volume measured. Ten aliquots were 
counted. The liver and kidneys were excised in toto, 
weighed and wedge biopsies taken for radioactive 
counting. 

All the samples were collected into pre-weighed 
stoppered plastic tubes. They were re-weighed and 
then counted in a Wallac (LKE 80000) gamma 
counter. For comparison 5-ul samples of the injected 
fat were taken from the syringe used for injection and 
counted at the same time as the animal samples. 
The radioactivity/mg fat was calculated and all the 
results expressed in terms of !*I-glyceryl trioleate/g 
tissue. 


Theory of calculations for fat removal 

A modification of the dye-dilution principle for the 
determination of cardiac output (Zierler, 1962) was 
used. For a constant infusion J = CO x M, where J is 
the rate of infusion in mg/min, CO is the cardiac out- 
put in ml/min and M is the steady state concentration 
in arterial blood in mg/ml. 

Because cardiac output was measured independently 
and the rate of infusion known, the theoretical value 
of M (M) that would occur if the fat behaved as an 
inert tracer could be calculated. Therefore if fat is 
retained by the lungs the measured value of M would 
be lower and the difference M — M would be a measure 
of fat retention. Thus, 
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fat retained = x 100%, 
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Results 


Pulmonary handling of unemulsified fat 

Table I shows the steady state concentrations (M) 
measured in aortic blood in the 60 seconds after fat 
infusion, and the values that would obtain if the fat 
behaved as an inert tracer. Sixty seconds after infusion 
the amount of fat appearing in aortic blood varied 
from 1 to 4 per cent of the total fat infused. 

The aortic activity expressed as mg glyceryl 
trioleate/mg blood is shown for all 6 experiments in 
Fig. 1. It is presented in three parts: the 40 seconds 
after fat infusion, the next hour and the subsequent 
7 hours. The results are standardized so that the 
moment at which fat first appears in aortic blood is 
shown as 1 second. The mean interval between the 
start of infusion and the appearance of fat in aortic 
blood was 19-5 seconds (range 11-37 seconds). Aortic 
blood activity increased to reach a plateau in 25 
seconds, which was maintained for the first 5 minutes. 
Thereafter activity increased again to reach a second 
peak at 1 hour. Over the last 7 hours there was a 
gradual decline. . 

Table I shows the calculated fat fluxes at 1 hour, 
after fat infusion and at the end of the experiment. The 
fat [flux is the product of cardiac output and the 


oe 
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concentration of fat in aortic blood. Fat flux varies by 
a factor of 3 both 1 and 8 hours after infusion. The 
reduction in fat flux at 8 hours compared with the 
l-hour value represents both a fall in cardiac output 
and a lower fat concentration. 

The mean fat flux at 1 hour is 686 mg/min or 41 g/h 
and at 8 hours is 386 mg/min or 23 g/h. The amount of 
fat injected is 11-8 g (c = 0-7 g), so that the minimum 
recirculation time for the injected fat is 17-3 minutes 
at 1 hour and 31-0 minutes at 8 hours. 


Post-mortem distribution of fat 

The post-mortem distribution of fat expressed as a 
percentage of the injected dose, for 5 experiments, is 
shown in Table IH. In the determination of blood 
content a volume of 90 ml/kg body weight (Hobbs, 
1967) was assumed. 

There was good reproducibility in all the deter- 
minations. The lungs contained a mean of 33 per cent 
of the injected radioactivity at 8 hours. There was 
12 per cent of the activity in the right heart so that 
45 per cent of the injected fat was recovered from 
the heart/lung reservoir. Taken in conjunction with the 


instantaneous lung uptake figures, 55 per cent of the 


fat is lost from the heart/lung reservoir over the 8- 
hour period. Four per cent of this is circulating in the 
bloodstream, About half of the injected radioactivity 
has been removed by other tissues. 

Activity in random left heart samples, taken before 
removing the heart, was not greater than the general 
blood level. There was little uptake by the liver and 
kidney. 


Discussion 
Once fat has entered the lungs it may be disposed of in 
three ways (Weisz, 1974): 

1. Emboli may pass into the systemic circulation 
where they are either trapped in the tissues or 
eliminated through renal glomerull. 

2. Embolic fat may be engulfed by macrophages 
in the lung. 

3. Local lipolysis may occur. 

Ithas been claimed (Sevitt, 1960) that only the first of 
these alternatives represents the clinical fat embolism 
syndrome, and that the other two are histological 
findings of no clinical importance. Inherent in these 
statements is the assumption that the pulmonary 
capillary bed presents a barrier to the flow of un- 
emulsified fat and thus the lungs tend to retain fat 
that is released into the venous circulation. If fat over- 
comes the pulmonary barrier it will be held up at the 
next capillary bed it meets. 

That fat can pass through a capillary circulation has 
been shown by Szabo (1970), who noted that 50 per 


` cent of the injected fat can be recovered from the 


lungs, even if this is injected into the arterial side of 
the circulation. Similar results have been reported by 
Weisz and Steiner (1971). 

Our results confirm that neither the lungs nor the 
systemic circulation present an impenetrable barrier 
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Table HI: POST-MORTEM DISTRIBUTION OF FAT 
EXPRESSED AS A PERCENTAGE OF THE INJECTED 
DOSE 


Experiment Lung Right heart Bloed Liver Kidney 


2 ISIL 21 0-6 0-2 


3 2484+35 12-04-03 55 1-8 0-4 
4 S222 2 8-9 10-7 4-6 1-6 0-3 
5 37-2476 1012412 47 1-1 0-3 
6 33-04-65 15-2411 3-0 1-4 0-3 
Mean 33-1422  11:641-37 471 1-3 0-3 





Hè] content calculated in mg }°"I-glyceryl trioleate/g tissue 
and expressed as a percentage of the injected dose. Individual 
values are shown with their standard deviation; the means | 
are given with the standard error of the mean. 


to the passage of unemulsified fat. In this experimental 
model there is a constant circulation of fat from 
pulmonary to systemic circulations. This is shown by 
the persistence of high aortic blood levels of fat. A fat 


flux of 23 g/h cannot represent net loss of fat from the | 


lungs when the injected dose was only 11-8 g. Thus, 
all or part of the injected fat must return to the lungs 
to be released again into the systemic circulation. 
This does not mean that the lungs allow unhindered 
passage of fat, as less than 5 per cent of the amount 
infused gets past the pulmonary capillary bed in a 
single passage. The lungs act as a bottleneck. 

Once fat gets into the systemic circulation it seems 
to pass through the capillary beds it meets on the 
systemic side, to be redeposited in the pulmonary/right 
heart reservoir. There is little extraction or hold-up 
by systemic capillary beds. With the high fluxes of 
between 41 and 23 g/h only 6-5 g of fat is lost from the 
blood/right heart/lung reservoir over 8 hours, but it is 
not permissible to draw the conclusion that the lungs 


have a special affinity for fat, or that they represent a — 
specific resistance to the flow of fat. The volume/unit © 


time of fat presented to the two circulations is very 
different. One interpretation of our findings is that 
any capillary circulation is capable of transmitting a 
finite and small volume flow of unemulsified fat per 
unit time. If the amount presented is high, a bottle- 
neck is created and the apparent extraction rate is high. 
Thus, in our experiments the lungs permit a small flow 
of fat and this when presented to the systemic capillary 
beds is allowed through unhindered. A corollary of 
this hypothesis is that if there is no difference between 
the two circulations then one could not have systemic 
accumulation of fat after intravenous injection without 
some other factor coming into play. Damage to 
the lungs may reduce the resistance of the pulmonary 
capillary bed to the passage of fat, or pulmonary 
hypertension may cause right to left shunts to open 
and so bypass the lungs. 

The sequestration of fat in the right side of the heart 
can be confirmed histologically and presents a con- 
sistent picture of fat intermixed with pre-mortem 
thrombus. On the basis of these experiments we cannot 
say whether the fat accumulation is progressive over 
the course of the experiment or whether it originates 
from the moment of infusion. If it is progressive then 
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5 A : -it implies a specific affinity of the right side of the heart 
-- for unemulsified fat which is not shared by the left. 


If the unemulsified fat in the right heart all originates 
from. the time of infusion the implication is that 
unemulsified fat fails to mix adequately with the 
contained blood. Some form of streaming or partition 
occurs which allows the retention of fat either in the 
end-systolic blood volume or in some anatomical 
cul-de-sac. We consider the most likely explanation is 
that there is inadequate mixing and that sequestration 
is maximal from the start. 
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. Coagulation changes in sensitized canine 


renal allografts 


T. G. BRENNAN, G. R. GILES, S. M. RAJAH, A. M. DAVISON 


AND P. J. GUILLOU* 


SUMMARY 

Coagulation changes within kidney homotransplants to 
sensitized canine recipients have been studied by 
assessing the arteriovenous gradients of formed blood 
elements and coagulation factors across the organ. It is 
confirmed that hyperacute rejection is accompanied by 
evidence of intravascular coagulation within the graft, 
which is maximal during the first 20 minutes after 
revascularization, Attempts were made to prolong the 
survival of the grafts by the use of cytotosine arabino- 
side, methylprednisolone, heparin and azathioprine. In 
some instances, the severity of the intravascular 
coagulation was reduced but it did not prove possible to 
extend the survival of the kidneys beyond 24 hours. 


Ir is generally accepted that patients who receive a 
second kidney transplant do not have the same chance 
of success as patients undergoing their first transplant. 
Indeed, some second kidney transplants are rejected 
almost immediately by a process of hyperacute or 
accelerated rejection. This may be due to the 
presence of circulating antibodies, which have been 
induced by the sensitization of the immune system by 
the first transplant or by blood transfusion. 

The exact mechanism by which the rejection 
proceeds is debatable but some workers have suggested 
that the main factor in the destruction of the hyper- 
acutely rejected kidney is the induction of a localized 
intravascular coagulation within the graft (McDonald 
et al., 1970; Simpson et al., 1970; Amery et al., 1973). 
While this view is not accepted by all workers (Pineo 
et al., 1970), the coagulation process within the graft 
does provide an index of the accelerated rejection and 
a means of assessing the effects and actions of 
measures used to prevent hyperacute homograft 
rejection. 

In this study, renal homografts have been trans- 
planted into dogs sensitized against a donor by 
repeated skin grafts. The arteriovenous gradient of 
formed blood elements and coagulation factors across 
the kidney were studied in each instance and the effect 
of cytosine arabinoside, methylprednisolone, heparin 
and azathioprine on the intrarenal coagulation process 
and the survival of the graft has been assessed. 
Materials and methods 
Mongrel dogs of dissimilar appearance were selected 
„in pairs for subsequent cross-sensitization and organ 
transplantation. The dogs were sensitized to each 


ie - other by exchanging full thickness skin grafts under 


general anaesthesia. Each graft measured 2 x 5 cm and 
was buried subcutaneously at the donor site. Each 
dog received a minimum of four grafts at intervals of 
7-10 days. 

Sensitization was assessed by the development of ° 
circulating lymphocytotoxins against donor lympho- 
cytes using the method of Terasaki and McClelland 
(1964). Organ transplantation was carried out under 
general anaesthesia which was induced by intravenous 
sodium thiopentone (20 mg/kg) and maintained by 
nitrous oxide, oxygen and halothane through an 
endotracheal tube. The dogs were prepared by 
inserting a cannula in the femoral artery of one groin 
and this was used for subsequent arterial sampling. 
The common carotid artery and jugular vein were 
exposed by a vertical incision in the neck. The upper 
end of the jugular vein was cannulated by a Teflon- 
tipped silastic tube and positioned so that effluent 
blood from the transplanted kidney could be collected. 

Kidneys were exposed and removed through a 
subcostal incision. The organs were cooled and 
perfused clear of blood by Hartmann’s solution at 
4 °C. The kidneys were revascularized in the neck of 
the recipient with the renal artery end to end to the 
common carotid artery and renal vein end to side of 
the jugular vein using continuous 5/0 silk. 

Before transplantation venous blood samples were 
taken from animals receiving skin grafts, ensuring 
that sensitization had occurred. On the day of the 
transplant, arterial blood samples were taken before 
revascularization and at 30 and 60 minutes after blood 
flow through the kidney had been established. Renal 
vein samples were obtained by intermittent clamping 
of the jugular vein on the cardiac side of the anasto- 
mosis and collecting the blood through the silastic 
cannula. Samples were removed at 2, 4, 6, 8, 12, 20, 30 
and 60 minutes after revascularization. 

The blood samples were all analysed for the follow- 
ing studies: 

1. Formed blood elements: haematocrit, red cell 
count, white cell count using a Coulter S counter and 
platelet count (Brecher et al., 1953). 

2. Coagulation factors: fibrinogen (Ratnoff and 
Menzie, 1951), prothrombin (Denson et al., 1971), 
Factor 5 (Dacie and Lewis, 1968), Factor 8 (Hardisty 
and MacPherson, 1962), Factor 10 (Denson, 1961) 
and euglobulin lysis time (Buckell, 1958). 
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Table I: MAXIMUM PERCENTAGE ARTERIOVENOUS DIFFERENCE IN FIRST 20 MINUTES AFTER 


VASCULARIZATION IN GROUPS 1 AND 2 


Max. 
lympho- ae ee Shortest Rejection Urine 
cytotoxin Maximum fall in: ELT (4 of time output: 
Dog No. titre WBC Platelets Factor! Factor 2 Factor 3 Factor 8 Factor 10 basal level) (min) (ml/h) 
Group 1 
j p 35 15 15 12 1S 0 10 42 0 nee 
2 9 24 17 19 36 8 0 9 46 0 — 
Group 2 
3 9 23 Q 22 25 0 0 I7 26 sd — 
4 Q 0 2 29 7 0 0 0 49 6d _ 
Mean al 8-9 19 20 6 Q 7 4i 
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Table IH: MAXIMUM PERCENTAGE ARTERIOVENOUS DIFFERENCE IN FIRST 20 MINUTES AFTER 


VASCULARIZATION IN GROUP 3 





Max. 
lympho- i YR Shortest Rejection Urine 
cytotoxin Maximum fall int ELT (% of time output 
Dog No. titre WBC Platelets Factor 1 Factor 2 Factor 5 Factor 8 Factor 10 basal level (min) (mi/h) 
Group 3 
5 1/128 0 52 26 13 8 33 0 22 30 ü 
6 1/512 0 43 26 71 16 9 28 26 45 Q 
7 1/32 37 35 i4 86 17 49 14 26 60 Z 
8 1/64 0 71 7 8 g 52 17 61 20 0 
Mean 9 50 18 45 12 36 15 34 


Prana ee anamar EAEE i na eee aanname aannamen 


Table 111: MAXIMUM PERCENTAGE ARTERIOVENOUS DIFFERENCE IN FIRST 20 MINUTES AFTER 


VASCULARIZATION IN GROUPS 4 AND 5 














Max. 
lympho- wee er Shortest Rejection Urine 
cytotoxin Maximum fall in: ELT (% of time output 
Dog No. titre WBC Platelets Factor 1 Factor 2 Factor 5 Factor 8 Factor 10 basal level) {min} {ml/h} 
Group 4 
9 1/128 58 54 45 21 15 13 1 60 12 Q 
10 1/512 0 7} 39 45 0 13 24 40 2h 0 
il — 42 79 7 24 6 20 i2 13 6h 5 
12 =~ 51 96 5 HI 10 24 12 50 15 0 
Mean 38 75 24 26 18 12 48 
Group $ 
13 1/64 0 66 15 32 29 15 15 49 24 h+ 10 
14 1/32 31 a 40 24 37 16 24 67 20 0 
15 1/64 35 12 16 4 2 0 9 42 24 h- 10 
16 1/512 15 35 3 i! 13 17 0 32 40 0 
Mean 25 38 18 18 20 i2 12 48 


3. Lymphocytotoxin titres using the micro-method 
described by Terasaki and McClelland (1964). 

Renal biopsies were removed from the transplanted 
organs at 5, 15, 30 and 60 minutes after revasculariza- 
tion. The biopsies were fixed in 10 per cent formol 
saline and subsequently sectioned and stained with 
haematoxylin and eosin for routine examination of 
the morphology, and in addition specifically stained 
for fibrin. 

Organ viability was assessed by the colour, firmness 
and blood flow through the organ as judged by the 
ability to collect the renal venous effluent. The volume 
of urine produced during the experiments was noted. 
The experimental studies were terminated after 60 
minutes in most animals and the organ removed. In 
the remainder the cervical incision was closed over the 


kidney and a cutaneous ureterostomy was established. 
In these experiments the organ was removed after 
24-48 hours. 

The experiments were carried out in the following 
groups: 

Group 1: Renal autografts (2 dogs). 

Group 2: Renal homografts in 
recipients (2 dogs). 

Group 3: Renal homografts in sensitized recipients 
without treatment (4 dogs). 

Group 4: Renal homografts in sensitized recipients 
pretreated with cytosine arabinoside 5 mg/kg sub- 
cutaneously 6-hourly x 6 (4 dogs). ° 

Group 5: Renal homografts in sensitized recipients 
pretreated with methylprednisolone 30 mg/kg intra-- 
venously 30 minutes before grafting (4 dogs). 
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“Bacteroides species are often overlooked as a 
cause of serious infection both by clinicians and 
microbiologists. They are most commonly asso- 
ciated with intra-abdominal and pelvic sepsis fol- 
lowing gastrointestinal surgery.” 

Brit. med. J. (1972). 1:280. 


“Our results confirm that clindamycin is the drug 
of choice as suggested by the in vitro studies of 
Ingham, et al. (1968), Kislak, (1972), and the re- 
port of Tracy, et al. (1972).” 


Brit. med. J. (1973). 2:212. 
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Platelets 


% of arterial levels 


Time (min) 
Fig. 1. Renal vein values of platelet counts and haematocrit 
after revascularization. |---|, Non-sensitized dogs; |---|, 


sensitized dogs, 


Group 6: Renal homografts in sensitized recipients 
pretreated with sodium heparin 1 mg/kg intra- 
venously 30 minutes before grafting (2 dogs). 

Group 7: Renal homografts in sensitized recipients 
pretreated with methylprednisolone 30 mg/kg, heparin 
I mg/kg and azathioprine 3 mg/kg intravenously 
30 minutes before transplantation and repeated 
12-hourly for 48 hours (2 dogs). 


Results 

In order to allow a comparison between individual 
animals and between different groups of dogs the 
results of the changes in the renal effluent of formed 
blood elements, coagulation factors and euglobulin 
lysis times have been expressed as a percentage of the 
pre-vascularization arterial blood level. The maximum 
differences in these studies between the arterial and 
venous blood during the first 20 minutes are shown 
in Tables I-HI. 


Groups | and 2: Auto- and homotransplants in non- 
sensitized recipients 

The 4 dogs in these experiments produced similar 
responses within the period of the experiment and the 
results are considered together. 

“From Fig. 1 it can be seen that there was a slight 
fall in the mean platelet count after revascularization 
of the graft, and the maximum decreases during the 
first 20 minutes ranged from 0 to 17 per cent (Table 1), 
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Fig. 2, Renal vein levels of fibrinogen and prothrombin after 
revascularization. |—-—-,| Non-sensitized dogs; |o= l, 


sensitized dogs. 
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Fig. 3. Renal vein levels of Factors 5, 8 and 10 after 


revascularization. |———|, Non-sensitized dogs; |... > 
sensitized dogs. 
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Fig. 4. Fall in euglobulin lysis time after revascularization 


indicating fibrinolysin release. |—-—— |, Non-sensitized dogs; 
jf, sensitized dogs. 


Paradoxically, the mean haematocrit rose slightly to 
106 per cent. There was also evidence of significant 
leucocyte accumulation within the graft in 3 of the 
dogs (Table 1). Coagulation studies showed a persistent 
decrease of fibrinogen in the renal vein effluent (Fig. 2) 
during the period of study in all the dogs, with a mean 
maximum arteriovenous gradient of 19 per cent 
(Table 1). Prothrombin levels were also lower in the 
venous blood (Fig. 2), but there was no evidence that 
Factors 5, 8 and 10 were being absorbed into the 
graft (Fig. 3). However, there was evidence of the 
release of fibrinolysins from all 4 grafts, with a marked 
fall in the euglobulin lysis times (Fig. 4). The maximum 
changes in the euglobulin lysis times in the venous 
blood ranged from 26 to 49 per cent of the arterial 
blood. All 4 grafts appeared to be well perfused after 
60 minutes and made urine profusely. The 2 homo- 
grafts were rejected at 5 and 6 days respectively. 


Group 3: Homografts in sensitized recipients 

The 4 recipient animals showed evidence of sensi- 
tization as judged by the serum titres of lympho- 
cytotoxins which ranged from 1 : 32 to 1 : 512. Fig. 1 
shows that the mean fall in platelets in the renal vein 
blood was down to 56 per cent of the pre-vasculariza- 
tion arterial levels and that this arteriovenous gradient 
persisted during the period of study. There was, how- 
ever, no evidence of leucocyte accumulation in the 
, graft. The mean haematocrit rose to 110 per cent of the 
arterial level, suggesting a fluid shift within the graft 
(Fig. 1). 

~ Renal vein fibrinogen levels fell shortly after 
revascularization (Fig. 2), but this was not prolonged. 
The mean maximum arteriovenous difference was 
18 per cent and similar to that of the unsensitized 
animals. However, prothrombin levels in the venous 
blood fell markedly to 59 per cent of the arterial levels 
(Fig. 2, Table If). Similarly, venous blood levels of 


+ 


Factors 5, 8 and 10 were decreased below arterial 
values (Table I/), suggesting accumulation within the 
graft. Fibrinolysin release as judged by the euglobulin 
lysis time was similar to that seen in the unsensitized 
animals (Fig. 4), with the levels ranging from 22 to 
61 per cent of the arterial levels. . 

Rejection of the graft appeared to occur during the 
first 60 minutes (Table 1). The timing of the rejection 
was judged by the overall appearance and reduction 
of the renal vein effluent to about one-third of the 
immediate flow. No kidney made urine during the 
period of study. 


Homotransplantation into pretreated sensitized 
recipients 

It has been seen from the results in the sensitized 
recipients that the changes in the arteriovenous 
gradients of formed blood elements and coagulation 
factors are at a maximum during the first 20 minutes 
after revascularization of the graft (Figs. 1-4). In 
order to compare the effectiveness of recipient pre- 
treatment, the maximum arteriovenous gradients of 
each parameter have been detailed in Tables [-1/1. 
Group 4: Pretreatment with cytosine arabinoside: From 
Table IH it can be seen that there was marked 
accumulation of leucocytes and platelets (mean 
maximum arteriovenous gradient) in the graft which 
was as severe if not more so than that seen in un- 
treated sensitized recipients. Similarly, there was 
evidence of a fall in the fibrinogen levels across the 
graft though this was not significantly greater than 
seen with the untreated dogs in group 3. Other coagu- 
lation factors also appeared to be lost into the graft 
(Table IIT}, and the euglobulin lysis time fell to a 
greater extent than in group 3 dogs. 

Only one kidney made urine after revascularization 

(10 ml/h), but 2 kidneys maintained a good appear- 
ance and blood flow for longer than 60 minutes (2 and 
6 h respectively). 
Group 5: Pretreatment with methylprednisolone: Pre- 
treatment with a high dose of methylprednisolone 
showed some effect over the untreated animals in 
group 3. Two kidneys had a good blood flow and 
made urine (20 ml/h) during the period of study. On 
exploration after 24 hours both kidneys were normal 
in appearance and making urine. The other 2 kidneys 
were rejected by 20 and 60 minutes respectively. 

However, as the results in Table II] show, this 
improvement in the graft survival was not reflected 
by improvement in the accumulation of formed blood 
elements and coagulation factors in the graft or the 
release of fibrinolysins from the graft, which was 
similar to that in groups 3 and 4. 

Group 6; Pretreatment with heparin alone: In these 2 
experiments only limited studies of the formed blood 
elements and euglobulin lysis times could be carried 
out. One kidney worked well, producing urine and 
maintaining a good blood flow beyond 60 minutes. 
The other kidney was rejected within the 60-minute 
period of study. Although there was still leucocyte 
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Table IV: MAXIMUM PERCENTAGE ARTERIOVENOUS DIFFERENCE IN FIRST 20 MINUTES AFTER 


VASCULARIZATION IN GROUPS 6 AND 7 





Max. 
lympho- e ay Shortest Rejection Urine 
l cytotoxin Maximum fallin ELT (% of time output 
Dog No. titre | WBC Platelets Factor 1 Factor 2 Factor 5 Factor 8 Factor 10 basal level) (min) (ml/h) 
Group 6 
17 1/32 12 18 &7 60 + 10 
18 1/32 26 5 54 60 
Mean 14 11 70 
Group 7 
19 1/128 0 36 38 24 h 5 
20 1/64 0 33 75 24h 20 
Mean 0 35 57 


and platelet aggregation within these 2 grafts, the 
arteriovenous gradients were similar to those found 
in the unsensitized recipients of groups 1 and 2 
(Table lV). 

Group 7: Pretreatment with methylprednisolone, 
heparin and azathioprine: Both renal grafts functioned 
well during the period of observation and appeared to 
make urine for 24 hours. However, on exploration 
after 48 hours the urine flow had ceased and both 
grafts had clearly been rejected. Although neither 
graft appeared to absorb leucocytes, there was still 
evidence of marked platelet aggregation and fibrino- 
lysin release during the first 60 minutes (Table IV). 


Histological studies 

Group 1: Autografts: Apart from minimal accumula- 
tion of polymorphs in one graft at 10 minutes, the 
appearances of biopsies were normal. 

Group 2: Homografts in non-sensitized recipients: In 
both grafts there was evidence of polymorph accumu- 
lation by 20 minutes. By 60 minutes glomeruli showed 
engorgement with red cells, fibrin deposition and 
interstitial oedema. The specimens at 5 days revealed 
widespread infarction and cellular infiltration con- 
sistent with acute rejection. 

Group 3: Homografts in sensitized recipients: The most 
prominent feature was the accumulation of poly- 
morphs in the glomeruli which affected all the grafts 
by 20 minutes. Fibrin deposition was also demon- 
strated in all the grafts by 20 minutes, and by 60 
minutes arteriolar thrombosis was seen in 3 grafts. 
All the specimens showed evidence of tubular 
ischaemia and interstitial oedema at 60 minutes. 
Group 4: Pretreatment with cytosine arabinoside: 
Compared with the grafts in group 3, there was little 
evidence of polymorph accumulation, but all the 
glomeruli were engorged with red cells. There was 
patchy fibrin deposition in all the grafts, with arteriolar 
thrombosis in 2 kidneys. Similarly, patchy lesions of 
tubular damage and oedema were noted in all the 
kidneys. 

Group 5: Pretreatment with methylprednisolone: The 
histological changes in this group were minor during 
the period of study. Three grafts had occasional 
polymorphs in the glomeruli at 20 minutes and one 
“Se 


kidney showed evidence of fibrin deposition at 60 
minutes. | 
Group 6: Pretreatment with heparin: One graft with 
good function showed no histological changes up to 
60 minutes. The other kidney demonstrated poly- 
morph accumulation and fibrin deposition from 
20 minutes. The changes were minor compared with 
those in groups 3 and 4. 

Group 7: Pretreatment with methylprednisoione, 
heparin and azathioprine: Biopsies were taken only 
after 48 hours. As expected there was widespread 
glomeruli and tubular infarction, interstitial oedema 
and infiltration by acute inflammatory cells and plasma 
cells. There was no obvious vascular thrombosis. 


Discussion 

It has been suggested that transplantation of an organ 
into a recipient sensitized by previous immunization 
may invoke either a Schwartzman type immunological 
reaction (Starz! et al., 1968) or an Arthus reaction 
(Myburgh et al, 1969), Though neither of these 
definitions is strictly accurate, preformed antibodies 
can be detected against donor cells in many instances. 
In both the experimental and clinical situations these 
antibodies may be directed against specific identifiable 
antigens, but perhaps more commonly the antibodies 
are multispecific against a wider variety of antigens on 
the surface of cells. 

Current thinking appears to implicate complement- 
fixing cytotoxic antibodies against the HLA system 
(Kissmeyer-Nielson et al., 1966; Starzl et al., 1968, 
1970: Myburgh, 1970). Dempster and Brown (1971) 
have argued forcibly against this concept since they 
and other workers (Najarian, 1970) have found that 
second-set-accelerated rejection of kidneys can 
proceed in dogs decomplemented by modified cobra. 
venom. It should also be mentioned that these changes 
may be initiated in the absence or at low titres oË 
preformed antibody. In these instances the specific 
immune reactions may be carried out by immune 
lymphocytes bearing antibody on their surfaces 
capable of cytotoxic action independent of the 
complement system. That either of these two _ 
mechanisms can be operative in the sensitized homo- 
graft situation may explain why it was often difficult 
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to relate the speed and severity of the accelerated 
rejection to the level of preformed cytotoxic antibodies 
in the present study, a point noted in other reports 
(Simpson et al., 1970). 

It might be expected that the major area of immuno- 
logical attack would be the blood vessels of the 
vascularized homograft. The reports of Simpson et al. 
(1970) and Starzl et al. (1970) suggest that glomerular 
and peritubular capillaries may show deposits of IgG 
and fibrin. Dempster and Brown (1971) argued that 
the cytotoxic antibody attack is directed primarily 
against the glomerular basement membrane. How- 
ever, it is agreed by all workers that the vascular 
endothelium is damaged during accelerated rejection 


-and the end result is an extensive renal cortical 
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necrosis. It is also clear that there is an intense vaso- 
spasm of afferent arterioles early in the process which 
reduces blood flow to the renal cortex (Dempster, 
1971; Dempster and Brown, 1971). Whether this is 
sufficient to produce cortical necrosis is debatable, 
and the majority view appears to be that the reduction 
of blood flow is aggravated by platelets adhering to 
damaged vascular endothelium and by subsequent 
aggregation of platelets within the glomerular and 
peritubular capillaries (McDonald et al., 1970; Amery 
et al, 1973). Other groups have gone further and 
suggested that the primary effect of the antigen/anti- 
body reaction is a specific activation of the coagula- 
tion mechanism in the circulating blood (Starz! et al., 
1968, 1970; Simpson et al., 1970). It now seems more 
probable that intravascular coagulation is the result 
of already instituted tissue damage with local release 
of thromboplastins and subsequent layering of fibrin 
within the glomerular capillaries and small vessels of 
the graft. The occurrence of coagulation within the 
graft thus mirrors the severity of the immunological 
attack. 

In the assessment of these blood coagulation 
changes it is necessary to take account of changes 
which result from the surgical procedure, This 
problem is well shown by evidence of leucocyte, 
platelet and fibrogen loss into autografts and homo- 
grafts in non-sensitized recipients. Equally there was 
some evidence of fibrinolysin release, which was 
presumably the result of direct or ischaemic damage. 
Coagulation Factors 5, 8 and 10 did not appear to 
accumulate within these grafts and rejection was not 
apparent during the period of study. 

The efficiency of the sensitization procedure in these 
studies appears satisfactory, for no matter what titre 
of lymphocytotoxic antibody was raised, rejection was 
complete in the majority of experiments by 60 minutes. 


. Evidence of antibody deposition within the rejecting 


graft was not seen by studies of the arteriovenous 
gradient across the graft. Since the amount of antibody 
deposited is small and the estimation of antibody titre 
is crude, this is not surprising. Rejected grafts showed 
a reduction in blood flow, beginning 20 minutes after 
vascularization as judged by colour and difficulty in 
collecting venous blood specimens. In all cases, 


platelet loss into the graft was marked and immediate, 
and associated with a fall in the renal vein levels of 
fibrinogen and coagulation factors. 

Two main approaches have been employed to 
modify accelerated rejection of renal allografts, 
namely attempts to interfere with the immunological 
sequence and attempts to reduce coagulation within 
the grafts. From both experimental and clinical 
observation it would appear that normal immuno- 
suppressive measures will not alter the sensitized 
recipient. Though the level of preformed antibodies 
can be successfully lowered by absorption upon 
sequentially vascularized organs (Giles et al., 1970; 
Simpson et al., 1970) or by selective plasma electro- 
phoresis (Merkel et al., 1970), accelerated rejection 
still occurs in sensitized recipients. Similarly, attempts 
to reduce the antigenicity of a graft by pretreatment 
with pepsin-digested fragments of preformed antibody 
have not been successful (Corman et al., 1973; Habal 
et al., 1973). 

Our indication for investigating a possible action of 
cytosine arabinoside in presensitized recipients comes 
from the observation of Gunnarsson et al. (1969) that 
the survival time of porcine kidneys grafted into 
sheep was considerably lengthened by pretreatment 
with this drug. Its mechanism of action is not clear 
though it is said to suppress humoral responses (Gray 
et al., 1969). Though active in the xenograft situation, 
there was clearly no effect upon the survival of homo- 
grafts in the present study, or upon the severity of 
intravascular coagulation within the graft. The 
histological appearances of the glomeruli in the 
kidneys of group 4 were those of intense congestion. 
This appearance may have resulted from a direct 
action of the drug itself or from vascular obstruction 
due to vascular thrombosis or spasm. 

High doses of steroids have been advocated for 
anaphylactic reactions following antigen/antibody 
reactions. Methylprednisolone in extremely high doses 
of 30 mg/kg was used in this study. Some effect was 
observed, for 2 of the grafts survived for 24 hours. 
Similarly, histological changes were mild in this 
pretreated group. However, it is clear that tissue 
damage occurred from the moment of vascularization, 
and there appeared to be accumulation of formed 
blood elements and coagulation factors within the 
kidney despite the maintenance of near normal 
blood flow. The improvement in survival seen 
with 2 grafts may be related to reduced tissue 
damage from stabilization of lysosomal enzymes 
(Weissmann and Thomas, 1962) and from a reduction 
in the vasospasm (Dempster, 1971; Starling et al., 
1973). 

Long term survival of grafts did not prove possible 
by routine immunosuppression with azathioprine, 
repeated high doses of methylprednisolone and 
heparin (group 7). This is disappointing since these 
drugs might appropriately be used in the clinical 
situation. However, in a series of human transplants 
reported by Myburgh et al. (1974) this type of therapy 


appeared to be attended by some degree of success in 
a group of patients with circulating anti-HLA 
antibodies. 

The use of anticoagulation measures to reduce the 
speed of the accelerated rejection process would seem 
a logical approach. Several groups have reported the 
beneficial effect of heparin upon the rate of rejection 
of homografts in sensitized recipients (McDonald 
et al., 1970; Amery et al., 1973). In the present study, 
in common with these workers, it was found that 
though leucocytes and platelets still accumulated 
within the graft, the arteriovenous gradients were not 
greater than seen with transplants in non-sensitized 
recipients. More detailed coagulation studies were not 
practical in the presence of heparin. Of the 2 grafts in 
the present study, one was rejected within 60 minutes 
with histological evidence of polymorph accumulation 
and fibrin deposition within the graft. However, even 
the absolute prevention of intravascular coagulation 
by complete defibrination with Arvin will not 
significantly delay accelerated rejection (McDonald 
et al., 1972). The combination of methylprednisolone, 
heparin and azathioprine did, however, allow 2 grafts 
to function for 24 hours or more, though both were 
rejected by 48 hours. It may be that higher doses of 
heparin in the recipient and the use of immuno- 
suppression in the donor before transplantation 
would have an additional effect as suggested by 
Zincke and Woods (1974). 
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- Changes in the blood fibrinolytic activity after 


surgery (the effect of deep vein thrombosis and 


malignant disease) 


N. L. BROWSE, L. GRAY AND M. MORLAND* 


SUMMARY 

The changes in blood fibrinolytic activity before and 
after operation have been investigated in 56 patients. 
The results have been analysed to assess the effect of the 
presence of malignant disease and the development of 
deep vein thombosis. 

The results show that patients with malignant disease 
and those with thrombosis have a fibrinelytic shut-down. 
This shut-down appears to be secondary te these two 
conditions and not the cause of the thrombosis, Patients 
without carcinoma and without thrombosis do not have 
a significant shut-down, The fibrinolytic shut-down 
results from a reduced release of activater from the 
peripheral store, not a reduction in the size of the store 
itself. 


THERE is an increase of blood fibrinolytic activity 


during a surgical operation (Macfarlane, 1937; Olow, 
1963), but after the operation, usually within a few 
hours, fibrinolytic activity decreases to subnormal 
levels. This change has been called the ‘fibrinolytic 
shut-down’, and usually lasts for 3-4 days (Chakrabarti 
et al., 1969). 

A number of studies have attempted to assess the 
role of the fibrinolytic shut-down in the initiation of 
postoperative deep vein thrombosis (Mansfield, 1972; 
Gordon-Smith et al., 1974). It has been suggested that 
the shut-down is greater in patients with malignant 
disease and in those who develop a deep vein throm- 
bosis, but the results of even the most recent studies 
are conflicting and do not answer the important 
question: ‘Is the postoperative fibrinolytic shut-down 
a cause or an effect of deep vein thrombosis, or totally 
unrelated to it?’ Because of this confusion we decided 
to reinvestigate the problem. 

We have assessed the intrinsic fibrinolytic activity 
of the blood by measuring the dilute blood clot lysis 
time (Fearnley et al., 1957; Fearnley, 1964) and the 
fibrin plate lysis area (Astrup and Mullertz, 1952), 
before and after venous congestion. We used the 
second method of assessing fibrinolysis (the area of 
lysis on a fibrin plate produced by the euglobulin 
fraction of the plasma) because it is independent of 
the plasma fibrinogen concentration. 


Patients and methods 


Collection of blood 
One ml of blood was removed from an arm vein with- 
out congesting the veins. The samples were always 


taken between 09-30 and 10-30 h on the day before the 
operation and on the first and sixth postoperative days. 
The patients fasted until after the venepunctures. After 
processing the first sample of blood (see below), a ’ 
pneumatic cuff (10 cm wide) was placed around the 
upper arm and inflated to a pressure of 80 mm Hg 
to produce venous congestion. After 10 minutes 
another sample of blood was taken and the cuff 
deflated. 


Dilute blood clot lysis time (DBCLT) 

An aliquot of 0-i ml blood was clotted with 1 ml 
thrombin solution (3:5 mi phosphate buffer at pH 7:35 
and 0:5 ml human thrombin, Leo, 40 NIH units/ml) 
in a pre-cooled glass tube. The tube was kept in an 
ice bath for 30 minutes until a firm clot had formed. 
The clot was then incubated at 37°C and the time 
taken for it to lyse recorded with a time-lapse camera. 
The normal DBCLT of healthy patients in our 
laboratory is 370+ 19 (s.e.) minutes, reducing to 160 
+ 16 minutes after 10 minutes of venous congestion, 
a standard obtained from examining 88 healthy in- 
patients admitted for minor surgery, but in all of these 
studies the mean changes after operation have been 
compared with the mean levels of activity before 
operation, making the stipulation of normal values 
irrelevant. 


Fibrin plate lysis area (FPLA) 

A sample of 0-9 ml blood was added to 0-1 mi 3-8 per 
cent trisodium citrate in a pre-cooled tube in an ice 
bath and mixed gently to prevent clotting. The 
euglobulin fraction in the plasma was precipitated by 
adding 3-8 mi 0-O1 per cent acetic acid to 0-2 ml 
plasma and spun at 4 °C for 10 minutes at 3000 rev/ 
min. After discarding the supernatant the precipitate 
was incubated with 0-2 ml veronal buffer (pH 7-35) 
at 37 °C for 10 minutes. Three drops of the mixture, 
each of 0-03 ml, were then placed on three separate 
spots on a fibrin plate and incubated for 24 hours at ' 
37 °C. The fibrin plate consisted of 9ml human 
fibrinogen, Kabi (90 per cent coagulability), clotted 
with 0-2 ml human thrombin (50 NIH units/ml) in a 
flat Petri dish. The mean area of lysis at 24 hours was 
calculated from the areas of the three spots, each 
obtained by multiplying the widest by the narrowest 
diameter. 
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* Fig. 1. Linear regression analysis comparing the DBCLTs and FPLAs of 78 healthy subjects admitted to hospital for minor 


surgery. a, Before venous stasis. b, After venous stasis. 


Table I: RESULTS OF DBCLT MEASUREMENTS BEFORE AND AFTER OPERATION 


No. of 

Subjects patients 
All patients (Fig. 2) No DVT 40 
DVT 16 
Patients without carcinoma (Fig.3) No DVT 32 
DVT 6 
All patients (Fig. 4) No Ca 38 
Ca 18 
Patients without thrombosis (Fig. 5) No Ca 32 
Ca 8 
Patients with carcinoma (Fig. 6) No DVT 8 
DVT 10 
Patients with thrombosis (Fig. 7) No Ca 6 
Ca 19 


Day ~1 Day+1 Day +6 
BS AS BS AS BS AS 
378473 165445 6234.90 299485 SI7457 165444 
375-37 146424 392454 168445 382442 120421 
3714-33 139421 442459 171442 414-41 1264+16 
375-37 146424 392454 168+45 382442 12042 
259-84 156435 5294143 16160 2004-45 153458 
259-84 156-435 529-4- 143 161460 290-45 1534 58 
328-105 1874+66 6954+92 3704-124 559478 187478 
302478 120434 6104176 182485 455481 133425 
328-105 187466 695192 3704124 559478 187478 





DVT, Deep vein thrombosis; Ca, carcinoma; BS, before stasis; AS, after stasis. 


Fibrinogen Uptake Test (FUT) 
The FUT was performed according to the method 
described by Negus et al. (1968), using a timer and 
scaler and expressing the activity in the legs as a 
percentage of the precordial count. A difference of 
15 between adjacent points on the same leg, or the 
same points on both legs, which persisted for more 
than 24 hours, was accepted as positive diagnosis of 
deep vein thrombosis. 

The nature and purpose of the study were explained 
to the patients before their written consent to the 
investigation was obtained. 


Results 

Fifty-six patients have been studied. Sixteen developed 
deep vein thrombosis. Eighteen patients had malignant 
disease, all adenocarcinoma, of whom 10 developed 
deep vein thrombosis. Thus, there was an overall 
incidence of deep vein thrombosis of 28 per cent, but 
in the patients with carcinoma the incidence was 56 
per cent. These figures are similar to those of other 
published studies (Kakkar et al., 1970). 


Relationship between DBCLT and FPLA 
Both of these tests were performed on every patient 
and the detailed results of the DBCLT are presented 


in Table I, but to keep the description of the results 
simple and to clarify the argument only the mean 
results of the DBCLT are presented in the figures. It 
is therefore necessary to show that there is a close 
correlation between the two tests. Fig. 1 shows 
scattergrams with a regression analysis of the relation- 
ship between the FPLA and the log, DBCLT of 78 
apparently healthy inpatients. The linear regression 
analysis shows a highly significant correlation between 
the results of the two tests (P = 0-001). A similar 
statistical correlation is also present when the actual 
values of the DBCLT are used. On the basis of this 
correlation one can assume that both tests measure 
essentially the same thing, namely the level of fibrino- 
lytic activity in the blood, and that it is acceptable to 
present the results of only one of the tests. 

The close correlation between the two tests also 
shows that variations in the level of the plasma 
fibrinogen can have little effect on the DBCLT because 
the FPLA, which uses the euglobulin fraction on'a 
sheet of fibrin, is clearly independent of the concentra- 
tion of the plasma fibrinogen. ° 

In the subsequent discussion the DBCLT after 10 
minutes of venous stasis will also be presented. The 
difference between the lysis time before and after 


stasis is thought to indicate the amount of activator 
released from the venous endothelium in response to 
the venous congestion, and may indicate the amount 
of activator stored in the tissues. 


Changes associated with deep vein thrombosis 

Sixteen of the 56 patients developed deep vein 
thrombosis. Fig. 2 compares the changes in the blood 
of the 16 who developed deep vein thrombosis with the 
40 patients without thrombosis. Those with thrombosis 
had a significant depression of fibrinolytic activity 
(prolongation of the DBCLT) on the first day after 
operation which was returning towards normal levels 
by the sixth day. A similar pattern was present in the 
blood taken after venous congestion, though the 
actual depression of activity was not so great. The 
level of the fibrinolytic activity on the first day after 
operation in those with deep vein thrombosis was not 
only significantly different from the level present 
before operation but also significantly different from 
the level of activity of those who did not develop 
thrombosis. 

The FPLA showed an identical pattern. Thus, when 
all 56 patients are assessed as one group, regardless of 
their underlying disease, it appears that patients who 
developed deep vein thrombosis had a significantly 
greater fibrinolytic shut-down than those without 
thrombosis. However, the underlying disease might 
have had an independent effect on fibrinolysis, 
so it is necessary to exclude patients with malignant 
disease from this analysis in order to discover if 
thrombosis alone is associated with a fibrinolytic 
shut-down. 


Changes associated with deep vein thrombosis excluding 
patients with carcinoma 

Fig. 3 shows the results in the 38 patients without 
malignant disease, 6 of whom developed deep vein 
thrombosis. It can be seen that the 32 without deep 
vein thrombosis and without malignant disease had 
little or no change of fibrinolytic activity after opera- 
tion, whereas the 6 who developed deep vein throm- 
bosis had a significant depression of activity (P = 0-01) 
The change in the FPLA in this group was also 
significant (P = 0-01). 

The 32 patients without carcinoma or deep vein 
thrombosis are the real control patients of this study, 
and it is very noticeable that they had no significant 
change in fibrinolytic activity after operation. This 
must be the normal response to surgery of a healthy 
person (one without any systemic disease)—no 
fibrinolytic shut-down. 

All the patients, including those with venous 
thrombosis, showed the usual enhancement of 
activity after venous stasis, but the quantity of 
aetivator released from the 6 patients with thrombosis 
during shut-down was greater. This suggests that the 
stores were adequate and that the shut-down might 
be due to a reduction of activator release. 
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Fig. 2. DBCLT before and after operation in all the patients 
subdivided into those with and those without venous 
thrombosis. In this and subsequent figures only mean values 
are plotted. Statistically significant changes (Student's ¢-test, 
P= or <0-05) are indicated by asterisks and double bars. 
DVT, Deep vein thrombosis; Ca, carcinoma. 
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Fig. 3. DBCLT before and after operation in patients 
without carcinoma subdivided into those with and those 
without thrombosis. 


Changes associated with carcinoma 

Fig. 4 shows the results of all the patients subdivided 
into those with and without carcinoma. All 18 patients 
who had malignant disease developed a significant 
depression of fibrinolytic activity after operation 
when compared with their preoperative level, and 
when compared with the level of activity of those 
without carcinoma. All the patients showed an 
increase of fibrinolytic activity after venous congestion, 
the increase after operation being similar to that seen - 
before operation. 

It is important to note that 10 of the 18 patients with 
malignant disease also had deep vein thrombosis. 
Therefore it is not possible to make any deductions 
from these results concerning the effect of malignant 
disease because some patients had both diagnoses 
under study. To discover if malignant disease alone is 
allocated with a change of fibrinolysis it is necessary 
to exclude all the patients with thrombosis. 
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Fig, 4. DBCLT before and after operation in all the patients 
subdivided into those with and those without carcinoma. 
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Fig. 5. DBCLT before and after operation in patients without 
thrombosis subdivided into those with and those without 
carcinoma. 
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Fig. 6. DBCLT before and after operation in patients with 
carcinoma and thrombosis and those with carcinoma and no 
thrombosis. 
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Fig. 7. DBCLT before and after operation in patients with 
thrombosis and carcinoma and those with thrombosis and 
no carcinoma. 


Changes associated with carcinoma, excluding patients 
with deep vein thrombosis 

Forty patients did not develop deep vein thrombosis 
and of these, 8 had carcinoma. Fig. 5 shows that the 
32 without carcinoma and without deep vein throm- 
bosis showed no change of fibrinolytic activity after 
operation, whereas all 8 patients with carcinoma but 
without deep vein thrombosis showed a depression of 
activity. The difference between the mean pre- and 
postoperative levels in those with carcinoma was not 
Statistically significant because the results were 
scattered and the number of patients for analysis 
small, but Fig. 5 is important because it shows that 8 
patients who had a fibrinolytic shut-down did not 
develop a deep vein thrombosis. Therefore one cannot 
claim that the existence of a fibrinolytic shut-down 
always causes deep vein thrombosis. 

The patients with carcinoma had a normal enhance- 
ment of fibrinolytic activity in response to venous 
congestion, but the levels after congestion show the 
same pattern as the pre-stasis values, and they reach 
normal values. This suggests that the stores are 
adequate and that the shut-down is due to a reduced 
rate of release from the stores. 


Effect of the combination of carcinoma and deep vein 
thrombosis 

So far we have attempted to isolate the effect of the 
two conditions we have been studying, but their 
combined effect should also be assessed. This can be 
done in two ways; either by comparing those who 
have carcinoma and a thrombosis against those with 
carcinoma alone, or by comparing those with throm- 
bosis and carcinoma against those with thrombosis 
alone. The numbers in Figs. 6 and 7 reveal that this i is 
not the same analysis reversed. 

Fig. 6 shows that the addition of deep vein throm- 
bosis to the patients with carcinoma causes a profoufid 
shut-down which is still present at the sixth post- 
operative day. The levels in the patients with carcinoma 
alone have returned to normal by the sixth day. Fig. 6 


also shows that the combination of thrombosis and 
carcinoma not only causes a marked reduction of the 
resting level of fibrinolytic activity but also prevents 
or inhibits the release of activator normally provoked 
by stasis. This effect is not seen when either condition 
is present alone. 

Fig. 7 shows all the patients who developed a deep 
vein thrombosis divided into those with carcinoma and 
those without. There is a marked and similar fibrino- 
lytic shut-down in both groups. The presence of an 
underlying carcinoma does not seem to make the 
shut-down associated with thrombosis any greater 
but the shut-down persists in both groups at the sixth 
day. Once again, as in Fig. 6, the shut-down is also 
seen in the blood taken after venous congestion from 
the patients with both diseases. 


Discussion 

These studies have confirmed the existence of the post- 
operative fibrinolytic shut-down mentioned in the 
introduction. They may also explain the failure of two 
studies (Mansfield, 1972; Gordon Smith et al., 1974) 
to incriminate definitely the fibrinolytic shut-down 
as a cause of deep vein thrombosis because they reveal 
that the presence of neoplastic disease has an effect of 
its own. In both of the aforementioned studies there 
was a mixture of patients with and without malignant 
disease which would have confused the results and 
the conclusions. 

It could be argued that the DBCLT is a poor test of 
fibrinolytic activity, possibly affected by the level of 
plasma fibrinogen which is known to change after 
- operation. In our laboratory we have not found a 
convincing correlation between the DBCLT and the 
plasma fibrinogen but we have found a close correla- 
tion between the DBCLT and the FPLA. As the latter, 
by its nature, is independent of the plasma fibrinogen 
we think it reasonable to assume that the changes of 
DBCLT are real, and not secondary to postoperative 
- fluctuations of fibrinogen. 

The conclusions that can be deduced from this study 
are: 

1. There is no difference in the level of blood fibrino- 
lytic activity before an operation to indicate the 
presence of neoplastic disease or the likelihood of 
developing deep vein thrombosis. 

2. Patients without malignant disease who do not 
develop deep vein thrombosis do not have a significant 
postoperative fibrinolytic shut-down. 

3. Patients with malignant disease develop a signifi- 
cant fibrinolytic shut-down, but only half of these also 
develop deep vein thrombosis. The shut-down cannot 
therefore be the prime cause of the thrombosis. 

4. Patients without malignant disease who develop 
deep vein thrombosis also develop a significant 
fibrinolytic shut-down, but in view of conclusion 3 
ore must deduce that the shut-down in these patients 
is probably secondary to the thrombosis (just as it is 
secondary to the malignant disease) and not the cause 
of the thrombosis. 


+ 
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5. When patients with malignant disease develop 
deep vein thrombosis the shut-down is intense and 
prolonged. Furthermore, there is a lower level of 
activity after venous stasis. This suggests that the 
combination of these conditions profoundly reduces 
the rate of release of activator from the vein wall, 
because it inhibits the response to the vigorous 
stimulus of venous congestion. When thrombosis or 
neoplasm is present alone there is a normal response 
to venous stasis. The peripheral stores must therefore 
be adequate and the shut-down observed in the blood 
before stasis due to a reduced rate of release. 

The conclusions of the arguments presented in this 
study are that the postoperative fibrinolytic shut- 
down is a response conditioned by the patient’s under- 
lying disease, be it neoplastic or thrombotic, and, 
that in the absence of these diseases there is no 
significant shut-down. Postoperative deep vein throm- 
bosis is not caused by the postoperative fibrinolytic 
shut-down. 
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Improvement in experimental vascular graft patency 
by controlled defibrinogenation 
J. C. POSTLETHWAITE, K. B. GOYLE, J. A. DORMANDY AND J. W. HYND* 


SUMMARY 

A sensitive animal model was used to investigate treat- 
ment designed to improve vascular graft patency. A 
Dacron graft was inserted into the infrarenal vena cava 
` of 30 rabbits. Half were treated with subcutaneous 
Arvin for 28 days after operation. This produced a 
significant lowering of the postoperative plasma 
fibrinogen. The patency rate of the grafts in the treated 
rabbits was significantly greater than in the control 
rabbits. 


One of the most challenging problems in vascular 
surgery is the development of a suitable prosthetic 
replacement in the venous system. Haimovici et al. 
(1970), in a critical analysis of the relevant literature, 
pointed out that the most favourable circumstances 
influencing patency are a high intraluminal hydro- 
static pressure, a high blood flow, rigidity of the graft, 
a large graft diameter and careful operative technique. 
He also suggested that the first few weeks after opera- 
tion are critical. 

Recently, a purified extract of the venom of the 
Malayan pit viper, Agkistrodon rhodostoma, has been 
advocated as a potent means of maintaining blood 
fluidity (Reid and Chan, 1968). This agent (Arvin) is 
the defibrinogenating fraction of the snake's venom. 
When injected intravenously it produces a profound 
and sustained fall in plasma fibrinogen levels which 
has the dual effect of diminishing blood viscosity and 
prolonging the coagulation time of whole blood in vivo. 

Arvin has been widely used during the past decade, 
both experimentally and clinically, for the prevention 
and treatment of venous thrombosis and embolism 
(Olsen and Pitney, 1969; Barrie et al., 1974). It has 
also been found to be more effective than heparin in 
preventing experimental arterial thrombosis (Chan, 
1969). 

To investigate the effect of Arvin on prosthetic 
venous replacements we have developed an experi- 
mental model which is reproducible and reduces the 
` difficulties involved in interpretation of results. In this 
study we have administered Arvin subcutaneously, 
which is a safer and easier method than the more 
usual intravenous route. 


Materials and methods 

After considerable trial and error the final form of the 
operation consisted of replacement of the infrarenal 
vena cava of a New Zealand white rabbit by a Dacron 
graft 45cm in length and 0-5 cm in diameter. This 
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Table I: GRAFT PATENCY 14 DAYS AFTER 


SURGERY 
Rabbit Untreated Arvin-treated 
pair group group 
1 Occluded Patent 
2 Patent Patent 
3 Occluded Patent 
4 Occluded Patent 
5 Patent Patent 
ő Occluded Patent 
7 Occluded Patent 
8 Occluded Patent 
9 Patent Patent 
10 Occluded Patent 
i] Occluded Patent 
12 Patent Patent 
13 Occluded Patent 
14 Occluded Patent 
15 Occluded Patent 
Total patent 4 i5 
Pool 


Table H: GRAFT PATENCY 28 DAYS AFTER 
SURGERY 


Rabbit Untreated Arvin-treated 
pair group group 
i Occluded Patent 
2 Occluded Occluded 
3 Occluded Patent 
4 Occluded Patent 
5 Occluded Occluded 
6 Occluded Patent 
7 Occluded Patent 
8 Occluded Occluded 
9 Occluded Patent 
10 Occluded Patent 
ji Occluded Occluded 
12 Occluded 
13 Occluded 
14 Occluded 
13 Occluded 
Total patent 0 7 


P<O-01. 


provides an easily monitored standard grafting 
procedure which readily permits the demonstration of 
the effect of any treatment designed to improve graft 
patency. 

The rabbits were anaesthetized with intravenous 
Nembutal and inspired halothane. The abdomen was 
opened through a vertical midline incision and the 
infrarenal vena cava exposed. After administration of 
500 units intravenous heparin a segment of infrarenal 


* St George’s Hospital, London. 
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threatens Survival 






@ preserves 

lysosome and 

cej membranes, 

thereby preventing 

the release of destruc- 

tive lysosomal enzymes? 

@ preserves platelets 

thereby reducing the risk 

of intravascular coagulation’ 

E preserves jeucocyte in- 

tegrity thereby helping to main- 

tain the pulmonary architecture! 

The recovery of patients in shock 

may be complicated by a pattern of 
deteriorating pulmonary function, 

often described as shock fung. 

This pulmonary insufficiency pro- 
gresses despite restoration of hamo- 
dynamic balance and apparent stabili- 
zation of the acute episode. 

Under conditions of prolonged shack, 
lack of oxygen at the cellular level 
causes alterations in the oxygen-carbon 
dioxide exchange mechanism. These 
changes in cell metabolism lead ultimately 
to interstitial oedema and perivascular 
haemorrhage.’ Polymorphonuciear leuco- 
cytes aggregate in the pulmonary capil- 
laries and obstruct the pulmonary vascu- 
lar bed. As these trapped cells break 
down, they release lysosomes, sub- 
cellular particles containing proteolytic 
enzymes.’ These enzymes attack their 
host cell and go on to damage or de- 
stroy other cells.2 The resulting tissue 
damage may not readily repair itself 
even if the shock patient survives. 
When administered in conjunction 
with standard therapeutic measures, 
Solu-Medrone exerts a protective 
effect on the lung and improves 

the patient's chance of survival 
Supplied: in Mix-Q-Vials of 
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Fig. 1. Venogram of patent graft 14 days after surgery. 


vena Cava was excised between clamps and a Dacron 
graft was inserted and sutured end to end with 7/0 silk. 

The patency of the graft was assessed by venography 
through a femoral vein catheter immediately and at 
2 and 4 weeks after operation. Fig. 1 shows a patent 
graft 2 weeks after surgery, and Fig. 2 demonstrates 
occlusion in a graft with an extensive collateral 
circulation, also 2 weeks after surgery. It was our 
experience that these venograms were always easy to 
interpret, demonstrating either entirely patent grafts 
or occluded grafts with an extensive collateral 
circulation. 

Thirty rabbits entered the final experiment and 
were randomly divided after operation into two equal 
groups: one to be treated with Arvin and the other to 
act as the untreated control group. The animals in the 
treated group were given Arvin 20 u./kg subcutan- 
eously every other day commencing the day after 
surgery and continuing for 28 days. 

Plasma fibrinogen levels were measured by a 
standard method of clot weight precipitation (Ingram, 
1961) on venous blood samples taken preoperatively 
and on the first, second, third, sixth and fourteenth 
postoperative days. 


Results 

Table I shows the results of venography in each rabbit 
14 days after surgery in chronological order, and 
Table II shows the results 28 days after surgery. (Only 
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Fig. 3. Plasma fibrinogen levels of rabbits during the 14-day 
period following surgery. 


11 rabbits remained in the treated group at this stage 
because of a laboratory fire which killed 2 animals and 
prevented venography on another 2.) 

Two rabbits in the treated group which had patent 
grafts 28 days after surgery were kept alive for a 
further 32 days when both rabbits still had patent 
grafts. 

Fig. 3 shows the results of plasma fibrinogen 
estimations in the two groups of rabbits for the first 
14 days after surgery. The characteristic rise in plasma 
fibrinogen concentration after surgery occurred in the 
untreated animals, but in those treated with Arvin the 
plasma fibrinogen concentration remained subnormal 
throughout the test period. 
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Discussion 
Most of the previous experimental and clinical work 
on Arvin has employed the intravenous route of 
administration (Silberman et al., 1973). Our results 
show that a safely sustained fall in postoperative 


E plasma fibrinogen concentration can be achieved by 


subcutaneous administration on alternate days. Side- 
effects of the drug were not seen and bleeding was not 
a problem at the operation or venepuncture site. 

There is an extensive literature on the use of venous 
replacement grafts in animals. Previous experiments 
have shown a variable failure rate in terms of patency 
but have used a wide variety of experimentally 
uncontrolled methods. By placing a prosthetic graft 
in the inferior vena cava of a small animal we have 
developed a fairly severe test for the animal’s natural 
methods of maintaining patency. However, the 
failure of this graft in 70-75 per cent of animals 14 
days after surgery and in 100 per cent after 28 days 
provides a well-balanced standard so that therapeutic 
means of improving graft patency can be easily 
assessed over a short period and in relatively few 
animals. 

In the experiment described the results show a 
significant improvement in graft patency over a period 
of 1 month following surgery in animals treated with 
Arvin, and in 2 animals kept alive for 60 days after 
surgery the graft remained patent despite the return 
of the plasma fibrinogen to normal in this later period. 

Moore and Yong (1964) have found that if venous 
grafts remain patent for 2 weeks, the majority of these 
will stay patent for much longer periods. We suggest 
that the use of Arvin to maintain graft patency for 1 
month may decrease fibrin deposition in the graft and 





permit maturation of the epithelium of the. luminal 
surface of the graft and the suture line. Thereafter 
thrombosis of the graft is less likely to occur, so 
predisposing to prolonged graft patency. 
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A report on the use of Arvin in patients with 
pre-gangrene of the lower limb 


wW. V. HUMPHREYS, A. WALKER AND D, 


SUMMARY 

Sixteen patients with arteriosclerosis and pre-gangrene 
of a lower limb were treated for 5 days by intravenous 
injection of Arvin. The effects of the injection on plasma 
fibrinogen, the viscosity of blood and the patient’s 
symptoms were measured. There was a 90 per cent 
reduction in plasma fibrinogen and a significant 
reduction in the viscosity of blood. Five patients 
experienced some relief of pain during the treatment. In 
only one patient were the symptoms relieved permanently. 


One of the factors governing the flow of blood is its 
viscosity: a high viscosity has an adverse effect on the 
prognosis in patients with arteriosclerosis and in 
theory reducing the blood viscosity should benefit 
these patients (Dormandy et al., 1973). The viscosity 
of blood is mainly dependent on the packed cell 
volume and the level of fibrinogen in the plasma. The 
packed cell volume can be reduced by haemodilution 
with low molecular weight dextran but its effect is 
transient. When the plasma fibrinogen is reduced the 
blood viscosity is lowered significantly (Erhly, 1973). 
The plasma fibrinogen can be reduced slightly by the 
drug clofibrate (Dormandy et alL, 1974). A purified 
fraction of the venom of the Malayan pit viper (Arvin) 
can produce afibrinogenaemia. It has been used in 
patients with pre-gangrene of the lower extremities and 
considerable success has been claimed for this treat- 
ment (Erhly, 1973). We have treated a selected group 
of patients by intravenous infusion of Arvin, all of 
whom had pre-gangrene of the lower limbs and for 
whom the only alternative was amputation. 


Patients and methods 
Sixteen patients were treated (12 males and 4 females), 
whose average age was 65 years, ranging from 41 to 
81 years. Fourteen had pre-gangrene defined as 
intolerable pain when the legs were horizontal, with 
trophic changes and/or with areas of gangrene not 
exceeding 3 cm*. Two of the patients had rest pain but 
no trophic changes in the feet. All the patients had a 
preliminary aortogram and were only included in the 
series if reconstructive surgery was not possible. All 
had undergone a lumbar sympathectomy on the 
affected side prior to their inclusion in the series. 

Before treatment samples of venous blood were 
taken for estimation of the packed cell volume, 
plasma fibrinogen and blood viscosity. These measure- 
ments were repeated daily throughout the course of 
treatment. 

An infusion of 500 ml isotonic saline containing 
4 Twyford units/kg body weight of Arvin was given 
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intravenously to each patient on the first day of 
treatment. The infusion was given slowly and took 
approximately 8-10 hours. On the following 4 days 
Arvin was given twice daily by intravenous injection 
in a dose of 2 u./kg body weight. 

The assessment of results was by daily clinical 
examination and questioning by one surgeon. The 
patients were kept in hospital for a minimum of 3 days 
after the cessation of treatment and seen in the 
outpatients’ clinic at 1 month. Treatment was con- 
sidered to have failed if an amputation was carried out 
or the rest pain persisted at its original intensity. 

Ten of the patients were examined by an ultrasound 
probe (Parks model 802), and the pulsatility index was 
calculated for the common femoral, popliteal and 
dorsalis pedis arteries (Gosling and King, 1974). The 
arm/ankle systolic pressure ratio, the pressure index, 
was also calculated for 10 patients (Yao et al., 1970). 
These measurements were performed before and after 
treatment. 

The viscosity of blood was measured using a 
Contraves Low Shear 2 viscometer, a coaxial cylinder 
instrument. For blood viscosity measurements at high 
rates of shear blood was accelerated from zero to 
1245-1 in 60 seconds and the gradient of the upper 
linear region of the curve measured to calculate the 
asymptotic viscosity. (The viscosity of blood varies 
according to the rate of shear but at high rates of shear 
it behaves like a Newtonian fluid and this limiting 
viscosity is known as the asymptotic viscosity.) 

An index of yield stress was calculated (Humphreys 
et al., 1975). For blood viscosity measurements at low 
rates of shear the samples were sheared at 0-675 and 
0-0786 s- and the resulting shear stress plotted 
automatically against time; the peak shear stress 
attained was used to calculate viscosity. Packed cell 
volume was measured with a Coulter Counter model 
S autoanalyser, and the plasma fibrinogen concen- 
tration by the clot opacity method of Ratnoff and 
Menzie (Ratnoff and Menzie, 1951; Ingram and 
Matchett, 1960). 


Results 


Rheological 

The results are summarized in Table I and Figs. 1-3. 
The mean decrease in plasma fibrinogen was 89-3 per 
cent after 24 hours of therapy and this decrease was 
maintained for the 5 days of treatment. The mean 
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Table I: VISCOSITY AND HAEMATOLOGICAL VALUES OF PATIENTS ON ARVIN THERAPY 


Before haematocrit correction 


After correction to PCV of 48° 








Yield Yield 
Asymptotic Viscosity Viscosity stress Asymptotic Viscosity Viscosity stress Plasma 
viscosity 0675s! 007868"? index viscosity 0675s- 060-0786 s~! index PCV fibrinogen 
(cP) {cP} (cP) (dyn/cm*) (cP) (cP) (cP) (dynjem*)  (%) (g/I) 
Pre- 3-49 31-1 68:3 0-181 3-95 394 82-3 0-283 39-7 4-24 
treatment -+010 +S +35 + 00154 +0410 14 4-2-1 +00125 +11 +031 
Day 2 3°22 24-1 80-2 0-112 3-68 31:2 73-6 0-167 39-9 0-45 
+007 4- 18 4-8 + 0-0112 +:0-03 4-418 £48 400129 09 +005 
Day 3 3:21 21-0 §2°5 0-102 3-76 30-3 69-1] 0-169 38°73 0-46 
40-08 1-8 + 5-6 -00113 + 0-04 +:1-3 +47 +0011 -+10 40-07 
Day 4 3-19 21-6 59-6 0-107 3°15 30-9 76:9 0-179 38-4 0:52 
+006 a EFA 0-007 -+0007 +16 4-5 £00139 412 Old 
Day 5 3-23 21-8 57.8 0-102 385 28-7 70-6 0-149 38:9 0-39 
40-11 +29 OD 20142 +005 41-7 +68 +00105 +10 +004 
Mean % 79 28-8 15-8 41-6 6-3 22-9 11-8 30-3 1-4 89-3 
change 
Results given as mean -t:s.e. 
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Fig. 1. Levels of plasma fibrinogen over the 5 days of Arvin 
treatment. 
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Fig. 2. Variation of the asymptotic viscosity during the period 
of treatment with Arvin. 
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Fig. 3. Yield stress index over the $ days of Arvin treatment. 


plasma fibrinogen before treatment was 4-24 g/l; this 
fell to a mean of 0-455 gj] during treatment, which is a 
highly significant change (P<0-001, Student’s t-test). 
As there was a slight variation in packed cell volume 
during treatment, which in itself was not significant 
(P>0-1), the measured values of viscosity were 
corrected to a standard packed cell volume of 45 per 
cent using a regression equation calculated from a 
group of normal healthy volunteers. Corrected in this 
way there was a highly significant fall in all the indices 
of blood viscosity during Arvin treatment. The 
asymptotic viscosity fell by 6-3 per cent and the 
viscosity at low rates of shear fell by 22-9 per cent (ata 
shear rate of 0-675 s+). These changes are statisticdily 
significant (P<0-01). The largest decrease was in the 
corrected yield stress index, the mean decrease being 
30-2 per cent (P< 0-0001). 


Clinical 

One month after treatment one patient had complete 
relief of rest pain, 4 patients had persistent rest pain 
and 10 had undergone amputation. (One patient died 
during treatment from a cause not related to the 
therapy and was excluded from the results.) Five 
patients had partial relief of pain during treatment, as 
assessed by the amount of analgesia required, but the 
pain returned to its original intensity within 3 days 
of cessation of treatment. There was no objective 
improvement in the legs of any patient as assessed by 
improvement in colour or healing of trophic lesions. 
The pulsatility index calculated from the patient's 
femoral, popliteal and posterior tibial arteries did 
not show any consistent difference between the pre- 
treatment values and those during treatment. There 
was no change tn the arm/ankle pressure index before 
or during treatment. 


Discussion 

The majority of patients with pre-gangrene of the 
lower limbs are over 70 years of age, and the mortality 
and morbidity from an amputation are prohibitively 
high (Harris et al., 1974). To avoid this we have had 
some success in treating such patients with Solcoseryl 
administered intra-arterially (Charlesworth et al., 
1975). There are several drawbacks to this method of 
administration and an agent which could be given by 
an alternative route would be advantageous. 

We have confirmed that a large fall in plasma 
fibrinogen can be achieved consistently with intra- 
venous infusions of Arvin in a dose of 4 u./kg initially 
then 2 u./kg for 5 days. It was also shown that the 
viscosity of the patient’s blood fell significantly during 
treatment, especially at low rates of shear. The fall in 
yield stress was particularly significant. All the indices 
of viscosity remained at a low level throughout the 
period of treatment. However, the effects of this 
reduced viscosity were extremely disappointing. Only 
one patient could be described as an unqualified 
success. There was no change in the objective measure- 
ments during treatment (pulsatility index and arm/ 
ankle systolic ratio). It is evident that despite a 
significant reduction in the viscosity of blood any 
increase in flow in the peripheral arteries was insuf- 
ficient to affect the patient’s symptoms. 

A longer intravenous infusion of Arvin (10-12 days) 
may relieve rest pain and the relief may be prolonged 
(Ehringer et al., 1972). However, this was not a 
controlled study, the numbers were small and the 
results subjective. Plasma fibrinogen can be reduced 
by intermittent subcutaneous injections of Arvin and 
it may be that intravenous infusion followed by a 
course of subcutaneous injections would be more 
effective, but there is a time limit to this type of 
treatment, as the effect of Arvin on fibrinogen is known 
to*decrease after 6 weeks or so. None of our patients 
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had an allergic response or a massive haemorrhage 
during treatment with Arvin. We anticipated that with 
a rapid reduction in fibrinogen and a considerable 
increase in fibrin degradation products, there may be 
a deterioration in the circulation to the affected foot, 
but we were unable to detect any clinical evidence of 
this or to show any change in our ultrasound measure- 
ments. 


Conclusion 

We have been unable to confirm earlier reports of the 
successful treatment of pre-gangrene by the intra- 
venous injection of Arvin, 
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Effect of truncal vagotomy on gastroduodenal 


content of gastrin 


J. MALMSTRØM, F. STADIL AND K, C. CHRISTENSEN” 


SUMMARY 

The vagal influence on gastroduodenal content of gastrin 
was studied in duodenal ulcer patients. Endoscopic 
biopsies were assayed for total concentrations of gastrin, 
and fractionated for measurements of gastrin components 
before and after total vagotomy. Antral concentration 
was 17-0+ 2-0 ug gastrinig mucosa (mean + sem) in 
52 unoperated patients compared with 25-2 + 3-2 ug in 
32 vagotomized patients. In 14 patients studied before 
and 3 months after vagotomy antral content was almost 
doubled (10-9 + 2-3 and 20-4 + 2-9 ug respectively). In the 
duodenal bulb the concentration was 2:-4+0-3 ug in 37 
unoperated patients and 2:24 0-4 ug in 19 vagotomized 
patients. In 6 patients in whom measurements were made 
throughout the duodenum, gastrin concentrations were 
slightly but significantly lower 3 months after vagotomy. 
Fractionations of pooled homogenates on Sephadex 
G-50 showed that gastrin component HI (gastrin-17) 
made up 95 per cent of the antral gastrins before and 
after operation. In the duodenum component Il 
constituted more than half of the gastrins preoperatively, 
but only one-third postoperatively. The total amount of 
gastroduodenal gastrin was considerably increased by 
vagotomy, and it is well established that in serum the 
gastrin concentration is also higher postoperatively. The 
most likely implication of these findings is that in man 
the vagus, directly or indirectly, suppresses gastrin 
production. 


THE effect of vagotomy on the concentration of gastrin 
in human serum has been established by several studies 
(for a review see Stadil, 1974). The fasting gastrin 
concentration is increased after vagotomy in spite of 
the old concept of a vagal release of gastrin. Sur- 

prisingly, in view of the numerous studies on the serum 
-gastrin concentration, the effect of the vagus on the 
gastrin content of human gastro-intestinal mucosa has 
not been studied. In rats an earlier study (Becker et al., 
1973) indicated that vagotomy increased the gastrin 
concentration of the gastric mucosa. The present 
report concerns the vagal influence on gastrin concen- 
tration and component pattern in the gastreduodenal 
mucosa of man. 


Patients 

A total of 70 patients was studied. The antral content 
of gastrin was studied before operation in 52 patients 
and after truncal vagotomy in 32 patients with 
duodenal ulcer. Fourteen patients were studied before 
and 3 months after the operation. The drainage 
procedure was always a pyloroplasty. 


The gastrin content in the duodenal bulb was 
studied in 37 duodenal ulcer patients before operation 
and in 19 patients 3 months or more after truncal 
vagotomy. Eight patients were studied both pre- and 
postoperatively. 

In 6 patients the gastrin content was studied in the 
antrum and throughout the duodenum before and 
3 months after truncal vagotomy. 


Methods 


Investigative procedure 

Biopsies were obtained after an overnight fast by 
means of Olympus fibreduodenoscope type GIF-D2. 
One hour before endoscopy 10mg morphine and 
0-4 mg scopolamine were given intramuscularly, and 
at the time of endoscopy 1 mg diazepam/10 kg body 
weight was given intravenously. 

Biopsies were taken in the antrum 2 cm proximal to 
the pylorus on the lesser curvature and in the duodenum 
from the bulb 1 cm below the pylorus on the lesser 
curvature side and throughout the duodenum at 2-cm 
intervals. Specimens were immediately frozen on dry 
ice and stored at — 20°C until assay. 


Secretory studies 

All the patients were subjected to a pentagastrin test. 
After an overnight fast a radio-opaque gastric tube 
was inserted, and after checking the position fluoro- 
scopically gastric juice was collected throughout a 
15-minute period and then discarded. Eight 15-minute 
collections of gastric acid were made by intermittent 
pump suction, 4 before and 4 after the intramuscular 
injection of 6ug pentagastrin (Peptavlon, ICD/kg 
body weight. Acid was measured by titration to 
pH 3-5 by means of an Autotitrator TTT (Radiometer, 
Copenhagen). 


Laboratory analysis 

Gastrin concentrations were determined radio-immuno- 
chemically after boiling and homogenization of tissue 
specimens as previously described (Malmstrom and 
Stadil, 1975). Reproducibility, expressed as the 
coefficient of variation in measurements of mucosal 
gastrin content by repeated biopsies from areas of 
2 cm’, ranged from 5 to 15 per cent (Malmstrem and 
Stadil, 1975). Antibody 2604-7 was used (Rehfeld 
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et al., 1972), which measures gastrin components I, H 
and IH (sulphated and non-sulphated forms) with 
equimolar potency (Rehfeld et al., 1975). 

Synthetic human gastrin 1 (SHG, obtained from 
ICD was used as the standard, and mono-iodinated 
125].labelled SHG as the tracer (Stadil and Rehfeld, 
1972). Concentrations were expressed as ug equivalent 
of the heptadecapeptide gastrin standard/g tissue. 
Fractionations of gastrin: The mean component pattern 
was studied in 6 duodenal ulcer patients before and 
3 months after total vagotomy. An equal volume of 
mucosa homogenate from each subject was pooled 
from the following locations: antrum, duodenal bulb, 
the papillary region and close to the ligament of 
Treitz. 

One mi of each pooled sample was applied to 
Sephadex G-50 superfine columns of 16x 1000 mm 
with a constant flow rate of 5 ml/h at 20°C. Pools 
from the antrum and the duodenal bulb were eluted 
with 0-2-m ammonium bicarbonate, pH 8-2, and 
samples from the distal duodenum were eluted with 
0-05-m ammonium bicarbonate, pH 8-2. 

All the columns were calibrated with samples of 
SHG and human gastrin-34, non-sulphated. For 
internal standardization "NaCl and human albumin 
were added to each sample before application to the 
columns. Elution volumes of albumin were determined 
by spectrophotometry at 280 nm. 

Gastrin in fractions collected from the columns was 
determined by radio-immunoassay as previously 
described (Stadil and Rehfeld, 1973). The concen- 
tration of buffer was always identical in samples and 
standards. 

Specificity of measurements in tissue mucosa has 
been evaluated previously (Malmstrem et al., 1976). 


Calculations 

Results were evaluated statistically by the Mann- 
Whitney test, and correlations were assessed by the 
rank correlation coefficient of Spearman (Siegel, 1956). 


Results 


Total gastrin concentrations 
In 52 unoperated patients the mean antral concen- 
tration was 17:0+2-0, s.e.m., ug/g mucosa, and after 
truncal vagotomy the concentration was 25-2 + 3-2 ug 
in 32 patients (P = 0-009). When the antral concen- 
tration was studied in 14 patients before and after 
vagotomy, it increased from 10-9+2-3 ug pre- 
operatively to 20-4+2-9ug 3 months after truncal 
vagotomy (P = 0-01). All the patients had a higher 
gastrin content in the antrum after operation (Fig. 1). 
In the duodenal bulb the gastrin concentration in 
37 unoperated patients was 2:4 + 0-3 ug/g mucosa, and 
in 19 patients after truncal vagotomy it was 2-2+ 
0-4 ug (P = 0-27). Eight patients were studied both 
before and after truncal vagotomy. Their mean bulbar 
gastrin concentration remained unchanged (1:9+ 
0-6 ug). The concentrations in individual subjects are 
shown in Fig. 1. 
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Fig. 1. Mucosal concentrations of gastrin in the antrum 
from 14 duodenal ulcer patients studied before (white 
columns) and 3 months after truncal vagotomy (black 
columns). In 8 of the patients the gastrin content of the 
bulbar mucosa was also measured (lower figure, note 
different scale on ordinate). 
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Fig. 2. Mucosal concentrations of gastrin throughout the 
duodenum in 6 patients with duodenal ulcer studied 
before (O——-C) and 3 months after truncal vagotomy 
(@---—-~—@). The positions of the endoscopic biopsies are 
shown in the diagram above. 
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Fig. 3. Changes in antral concentrations of gastrin expressed 
as a percentage of the preoperative concentration (above), 
and in peak acid output (PAO) in response to 6 ug 
pentagastrin/kg i.m. expressed as a percentage of the 
preoperative level (middle) and as an absolute decrease 
(below) after truncal vagotomy in 14 duodenal ulcer patients. 


In 6 patients in whom measurements were made 
throughout the duodenum the gastrin concentrations 
were slightly lower 3 months after truncal vagotomy 
(Fig. 2). The difference is significant (P = 0-0016). 


Relation to acid secretion 

No relationship was found between the changes in 
acid secretion and the changes in gastrin content of the 
antrum. This is apparent from Fig. 3, which shows the 
individual findings in 14 subjects. Also no relation 
was Observed between the preoperative acid secretion 
and the gastrin concentration of the antral mucosa 
3 months after vagotomy. This was true for basal and 
stimulated secretion. 


Gastrin components 

Preoperatively the predominant gastrin of the antral 
mucosa was component III (very like gastrin-17). 
About 5 per cent was eluted as a larger molecule, 
component II, with elution characteristics similar to 
gastrin-34. No detectable amounts of components I 
and IV were observed. Three months after vagotomy 
the pattern of the antral mucosa gastrin was similar to 
the preoperative findings (Table J). 


Table I: RELATIVE CONCENTRATIONS OF 
DIFFERENT GASTRIN COMPONENTS IN ANTRAL 


MUCOSA HOMOGENATES 
Before operation After operation 


Components Components 





Fractionation IL II II III 
1 5:9 94-0 2-0 98-0 

2 2-9 97-1 8-5 91-5 
Mean 4:4 95-6 5-3 94-8 


Table Il: RELATIVE CONCENTRATIONS OF 
DIFFERENT GASTRIN COMPONENTS IN 
DUODENAL HOMOGENATES 


Before operation After operation 





Area in Components Components 
duodenum II II lI II 
Bulbus 46-5 53-5 656 344 
Papillary region 45-7 51-2 58-3 340 
At ligament of 342 658 64:9 35:1 


Treitz 





In the duodenum the same two components, II and 
III, as observed in the antrum, were found almost 
exclusively. Only in a few fractionations were signs of 
small amounts of components I and IV present. 
Preoperatively gastrin component III constituted 
slightly more than half of the immunoreactive gastrin 
at all the locations examined in the duodenum 
(Table I, Fig. 4). Postoperatively the pattern changed, 
component II now constituting the major fraction of 
immunoreactive gastrin throughout the duodenum 
(Table II, Fig. 4). 


Discussion 

This study has shown that truncal vagotomy in man 
leads to an increased concentration of total gastrin 
immunoreactivity in the antrum, and fractionation 
studies have shown that the predominant form of 
antral gastrin remained a component like gastrin-17. 
In the duodenum total concentrations of gastrin 
changed only slightly, but the relative amounts of 
gastrin component III (gastrin-17) decreased markedly. 

The postoperative increase of antral gastrin concen- 
trations was quite substantial. In the 14 subjects 
examined before and 3 months after vagotomy the 
antral content was doubled. If total groups were 
compared the mean concentration in vagotomized 
patients was one and a half times that of unoperated 
patients. This is very similar to the findings in the 
peripheral blood of fasting subjects (Stadil, 1974). 
Hence it seems that the higher serum concentrations 
after vagotomy correspond to an increased antral 
content. 

Why vagotomy produces these changes in gastrin is 
not easy to explain. The simplest explanation is that 
the decrease in acid secretion after vagotomy reduces 
antral inhibition by acid. This might result in a higher 
antral content of gastrin and secondarily in higher 
serum concentrations. We have found that in duodenal 
ulcer patients the antral content of gastrin was 
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Fig. 4. Elution diagram from Sephadex G-50 columns (16 x 1000 mm) of pooled homogenates of duodenal mucosa of 6 
duodenal ulcer patients (a) before and (6) after operation. Of the two major peaks observed one corresponds to gastrin 
component II (gastrin-34, left peak), and the other to component III (gastrin-17, right peak). The columns were calibrated 
with albumin (left arrow) and NaCl (right arrow). Ordinate indicates pg gastrin (equivalent of gastrin-17) per fraction 
coliected from the column. Abscissa indicates number of I-ml fractions collected from the columns. 


inversely related to acid secretion (Malmstrom et al., 
1976). In the present study no direct support was 
obtained for this hypothesis, as we failed to find any 
simple relationship between the change of acid 
secretion and the increase in mucosal gastrin. The 
hypothesis may still be valid, but other explanations 
are possible. In humans a vagal release of gastrin has 
never been proved, unlike in animals (Uvnas, 1942), 
and it is possible that in man the main action of the 
antral branches of the vagus is an inhibitory one. This 
would explain both the higher serum concentrations 
and the higher antral content after vagotomy. 

Scopolamine, as used here, in our experience has no 
fect upon the gastrin content of the antral mucosa in 
unoperated subjects, and could not have influenced the 
results presented in this study as all patients were 
examined similarly. 
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Obviously, some caution is called for in interpre- 
tation as changes in mucosal concentrations depend on 
a balance between the rate of synthesis, storage within 
the cell and release into the circulation, and changes in 
serum concentrations will also depend on distribution 
and metabolism. 

The speculation that the higher gastrin levels in the 
blood after vagotomy are made up of less active gastrins 
can probably be discarded. In this study we found no 
changes in the gel-chromatographic behaviour of 
gastrins in the antral mucosa of vagotomized patients, 
and Stadil (1976) has found that gastrin-17 in the 
serum during feeding rises to the same level or even 
higher after vagotomy as before operation. 

Fractions of duodenal homogenates suggested that 
in general the relative content of component H 
(gastrin-34) increased postoperatively throughout the 





+ 


38 J. Malmstrom et al. 


duodenum. In the antrum the proportions were 
unchanged. Calculations of the total amounts in 
duodenal homogenates indicated that the predomin- 
ant change was a fall in the total amount of component 
IH (gastrin-17). How vagotomy influences the levels 
of gastrins in the duodenum remains to be explained, 
but these findings suggest that gastrin secretion from 
the duodenum is also under some sort of vagal control. 
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Gastric ulceration after vagotomy for duodenal ulcer 


JACINTO DE MIGUEL* 


SUMMARY 

Fourteen instances of gastric ulceration following 415 
vagotomies for duodenal ulcer have been reviewed with 
special reference to the relative incidence of this 
complication after different types of vagotomy, and to 
its clinical and radiological features and treatment. The 
aetiology is discussed. 


WHEN Polya subtotal gastrectomy was the operation 
of choice for duodenal ulcer, recurrent ulcer, if 
encountered, was found to develop usually in the 
region of the gastrojejunal anastomosis and only very 
rarely in the stomach itself (Fig. 1). Since the stomach- 
preserving operation of vagotomy with or without 
drainage has become the usual procedure for duodenal 
ulcer during the past two decades, the chances of 
recurrence in the form of gastric ulceration would 
seem to have increased. The purpose of the present 
paper is to review the 14 cases of gastric ulceration 
arising after 415 vagotomy operations performed by 
the author up to 1970. 


Findings 


Incidence in relation to type of vagotomy 

The frequency of gastric ulceration according to the 
type of vagotomy performed is analysed in Table 1. It 
will be seen that whilst the overall incidence was 
3-4 per cent there was little difference in the frequencies 
after the three operative methods. The small number 
of cases for two of the procedures makes the slightly 
higher incidence of 4-8 per cent after selective vagotomy 
without drainage statistically insignificant. 


Clinical and radiological manifestations 

Recurrent epigastric pain of ulcer type was a prominent 
feature in all the patients but one. In 5 it was associated 
with bleeding, which in 2 cases was massive. 

The ulcer was demonstrated on X-ray examination 
in 12 cases. (Two patients were operated on as 
emergencies for haemorrhage and therefore barium 
studies were not available.) The ulcer was located on 
the lesser curve in 8, mostly near the incisura angularis, 
in the antrum in 2 and in the immediate pre-pyloric 
region in 2. The average size of the ulcer craters shown 
radiologically was 1-6 cm in diameter, but in 3 cases it 
was 2:5-3 cm. 


Time interval between original operation and presen- 
tation of recurrence 

Though the average time for gastric ulcers to be 
diagnosed after vagotomy was just over 4 years, in 
4 cases it was not until 6, 6:5,8 and 9 years respectively 
the recurrence was detected (Table II). that 





Fig. 1. Barium meal examination showing an anastomotic 
ulcer after Billroth I gastrectomy for duodenal ulcer. 


Table I: GASTRIC ULCER RECURRENCES 
FOLLOWING DIFFERENT TYPES OF VAGOTOMY 
FOR DUODENAL ULCER 

f Gastric recurrence 


No. o 
Original operation patients No. Per cent 
Vagotomy with gastro- 63 2 3-2 
enterostomy 
Vagotomy with pyloroplasty 311 10 3:2 
Selective vagotomy without 41 2 4-9 
drainage 
Total 415 14* 3-4 





* Males 12, females 2. 


Emptying of stomach at time of detection of recurrence 
In order to study gastric emptying in these patients 
and to detect retention a special radiological exami- 
nation was conducted after a solid meal containing 
some barium. Gastric retention was considered to be 
present if barium was still demonstrable in the 
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Fig. 2. a, Barium meal film in 1969, 2 years after vagotomy and pyloroplasty for duodenal ulcer, showing a gastric ulcer on 
the lesser curve of the stomach. b, In 1973 the gastric ulcer was completely healed. (On repeat examination in 1976 it was 


still healed.) 


Table II: INTERVAL BETWEEN ORIGINAL OPERATION AND RECURRENCE, PRESENCE OF GASTRIC 


RETENTION, TREATMENT AND OUTCOME 


Interval between 
operation and 
Original operation recurrence (yr) 
Vagotomy with gastro-enterostomy 1-2 
9-0 


6-0 


A 
own 


Vagotomy with pyloroplasty 
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Selective vagotomy without drainage 
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Presence and 
severity of 


Treatment of 


Condition at 


gastric retention recurrence latest follow-up 
Not tested Medical Good at 7 yr 
0 Medical Good at 4:5 yr 
0 Medical Good at 4-5 yr 
+ Gastrectomy Good 
Medical Grater still present 
Not tested Medical Crater still present 
Not tested Gastrectomy Good 
0 Medical Good at 5:5 yr 
+- Medical Crater still present 
+ +--+ Gastrectomy Good 
Not tested Gastrectomy Good 
+4 Medical Good at 5 yr 
Not tested Gastrectomy Good 
Gastrectomy Good 





stomach after 6 hours, and varying degrees of severity 

of retention were arbitrarily recognized as follows: 
0 = No barium evident in stomach at 6 hours. 

+ = Barium present in stomach at 7 hours. 

+ + = Barium present in stomach at 8 hours. 
+ + + = Barium present in stomach at more than 

8 hours. 

Applying this system of grading to the 9 patients 
who were subjected to the special X-ray study revealed 
that 3 had no gastric retention (0), 2 had mild retention 


(+), 3 a moderate degree of retention (+ +) and one 
had severe retention (+ + +) (Table II), 


Treatment and outcome (Table II) 

In 2 patients whose recurrence presented by causing 

severe haematemesis the treatment was by emergency 

gastrectomy. š 
In the remaining 12 patients whose gastric ulcer 

appeared more insidiously, the initial treatment 

was medical, with subsidence of symptoms and 


radiologically demonstrated healing of the lesion in 
$—a result that has been maintained on follow-up 
for more than 4 years (Fig. 2). Unfortunately, in 
7 cases the results of conservative management were 
not satisfactory and, because of the persistence of 
severe pain or failure of complete healing of the 
ulcer crater, gastric resection was performed in 4 and 
has now been advised in another 3. 


Discussion 
The development of a benign gastric ulcer after truncal 
vagotomy alone for duodenal ulcer was soon recognized 
by Dragstedt as a complication of this initial form of 
vagotomy (Dragstedt et al., 1949). The first reported 
case so complicated was in a patient who underwent a 
transthoracic vagotomy without gastric drainage for 
duodenal ulcer in January 1943. Four years later, when 
the duodenal ulcer was well healed, he was found to 
have a large gastric ulcer penetrating into the pancreas 
for which a partial gastrectomy was performed. 
Subsequently similar complicating gastric ulcers were 
demonstrated by Dragstedt’s group in 3 per cent of 
their series of 158 patients operated on by truncal 
vagotomy without drainage for duodenal ulcer 
(Oberhelman and Dragstedt, 1955). In all these 
recurrent cases the vagotomy had been shown to be 
complete by a negative response to the Hollander 
insulin test. However, a variable degree of gastric 
retention was said to be present in all of them due to 
pyloric dysfunction, and this alleged gastric retention 
was considered by Dragstedt to be responsible for the 
production of the gastric ulceration by causing antral 
stimulation and release of gastrin with resulting 
secretion of acid and pepsin by the parietal cell mass. 
With the addition of a complementary drainage 
procedure at the time of vagotomy it was thought that 
the complication of gastric ulceration would be 
effectively prevented, but Burge (1960) reported 
10-year follow-up incidences of gastric ulcer recurrence 
of 0:7 and 2-3 per cent after vagotomy and gastro- 
enterostomy and vagotomy and pyloroplasty re- 
spectively for duodenal ulcer. Bank et al. (1969) 
published details of 9 patients who developed gastric 
ulcer after vagotomy and drainage for duodenal ulcer. 
It will also be noted that in the present study (Table I), 
though the incidence of gastric ulcer after vagotomy 
and drainage was lower than that after selective 
vagotomy without drainage (3-2 as against 4-9 per 
cent), the difference was not statistically significant. 
On Dragstedt’s hypothesis of aetiology (Oberhelman 
and Dragstedt, 1955) it is difficult to explain the 
development of gastric ulcer following vagotomy with 
a drainage procedure, unless it is postulated that some 
degree of gastric retention may persist even after 
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gastro-enterostomy or pyloroplasty, In this connection 
it is interesting to observe that on radiological 
examination after a special food/barium meal in 8 of 
the patients in this series with recurrent gastric 
ulceration after vagotomy and drainage 5 had some 
degree of gastric retention (Table ID. Of the 2 patients 
with gastric ulceration after selective vagotomy 
without drainage, one showed gastric retention on 
radiological examination and one appeared to have — 
normal emptying. | 
No cases of duodenal ulcer treated by the newly — 
introduced operation of proximal gastric (parietal cell) 
vagotomy without drainage were included in this 
study, but it will be interesting to see in due course 


what incidence of gastric ulcer arises in the current — 


series of patients with duodenal ulcer being treated by 
the author with this procedure. 

The average length of time taken for gastric ulcers 
to develop in this series after vagotomy for duodenal 
ulcer was 4 years, but in some cases the first manifes- 


tation of the gastric ulcer was 8 and 9 years. Clearly a : 


long period of follow-up is necessary to obtain a full 
measure of the incidence of this complication. In the 
present study all the patients were traced for at least 
5 years and many of them for much longer, but 
possibly an even longer period of follow-up might 
disclose further examples of this complication. 
Though 6 of the 14 patients now reported have had 
to undergo further surgical treatment for their gastric 
ulceration and in another 3 reoperation has been 
advised, it is worth bearing in mind that in 5 cases the 
ulcer healed on medical measures and this cure has 
been maintained in all of them for no less than 4 years. 
This experience is perhaps too small to permit any 
very firm conclusions regarding therapy, but it seems - 
to indicate the value of an initial trial of medical — 
treatment before resorting to surgery, provided that — 
there are no cogent contraindications. 


References 

BANK S., MARKS I. N., LOUW J. H. et al. (1969) Nine cases 
of gastric ulcer after vagotomy and drainage for 
duodenal ulcer. Gut 10, 460-468. 

BURGE H. W. (1960) Vagal nerve section in chronic 
duodenal ulceration. Ann. R. Coll. Surg. Engl. 
26, 231-244. 

DRAGSTEDT L, R., CAMP E, H. and FRITZ J. M. (1949) 
Recurrence of gastric ulcer after complete 
vagotomy. Ann. Surg. 130, 843-854. 

OBERHELMAN H. A. and DRAGSTEDT L. R. (1955) New 
physiologic concepts related to the surgical 
treatment of duodenal ulcer by vagotomy and 
gastroenterostomy. Surg. Gynecol. Obstet. 101, 
194~200. 








Br. J. Surg. Vol. 64 (1977) 42-46 
© 


Recurrent ulcer after proximal gastric vagotomy for 
duodenal and pre-pyloric ulcer 


J. HOLST-CHRISTENSEN, O. HART HANSEN, T. PEDERSEN AND O, KRONBORG” 


SUMMARY 

Factors thought to be important in the development of 
recurrent ulcer after proximal gastric vagotomy were 
investigated 1-4 years after operation in 211 patients 
with duodenal ulcer and in 49 with pre-pyloric ulcer. 
Recurrent ulcer was found in 25 patients with duodenal 
ulcer (12 per cent) and in 6 with pre-pyloric ulcer (12 
per cent). Recurrence was not related to age, sex, 
duration of dyspepsia, radiological findings or peak 
acid output before and 10 days after vagotomy. Fifty- 
six patients were operated upon by the method of 
Amdrup and Jensen (1970), including skeletonization of 
about 2em of the oesophagus. The remaining 204 
patients were operated on by a technique in which the 
dissection of the lesser curve was begun at the ‘crow’s 
foot’ and the oesophageal dissection was extended, in 
most cases, to more than 4cm above the cardia. 
Recurrence was more frequent among the 56 patients in 
the first group than among the remaining patients with 
duodenal ulcer. Recurrence was positively related to 
basal acid output after vagotomy, An increase of 
peak acid output of 50 per cent was seen in a smaller 
group with recurrence and patients with d vspepsia 
within 18 months of vagotomy. 

It was concluded that the risk of recurrence is not 
related to the number of parietal cells, as expressed by 
peak acid output to histamine, The risk may probably 
be reduced by extension of the oesophageal skeletoniza- 
tion. A marked increase in peak acid output may be 
seen during the first year after proximal gastric 
vagotomy in patients with recurrence or dyspepsia. 


THE frequency of recurrent ulceration after proximal 
gastric vagotomy for duodenal ulcer varies con- 
siderably among reported series. Figures from 0 to 5 
per cent have been reported by some (Grassi et al., 
1973; Amdrup et al., 1974; Johnston et al., 1975), 
while others have presented rates between 8 and 22 
per cent (Liedberg and Oscarson, 1973; Wastell et al., 
1974; Kronborg and Madsen, 1975; Hallenbeck et al., 
1977; Kennedy, 1976). Recurrences after truncal or 
selective vagotomy with drainage are generally 
explained by incomplete vagotomy, large numbers of 
parietal cells or more rarely the Zollinger—Ellison 
syndrome. 

The present study was undertaken to find factors 
which might be important in the development of 
recurrent ulcer after proximal gastric vagotomy 
without drainage for duodenal and pre-pyloric 
ulcer. 


Patients and methods 

Two hundred and eleven patients with duodenal ulcer 
and 49 with pre-pyloric ulcer within 3cm of the 
pylorus were operated on by proximal gastric 
vagotomy without drainage (PGV) during the period 
1970-4 (Table 1). Only elective operations were 
considered. 


Table 1: RESULTS OF PGV 1-4 YEARS AFTER 
OPERATION 





Duodenal Pre-pyloric 
ulcer ulcer 

Result M F M F 

No dyspepsia 110 53 19 14 
Dyspepsia but no recurrence 16 2 5 4 
Recurrence 20 5 6 0 
Died during follow-up 0 2 i 0 
Lost to follow-up 3 0 0 0 





Total 





Fifty-six patients with a radiologically demonstrable 
duodenal ulcer crater were operated upon by the 
method of Amdrup and Jensen (1970), including 
location of the border between the antrum and corpus 
by a pH probe and skeletonization of about 2 cm of 
the oesophagus. The remaining 204 patients had an 
ulcer demonstrated by radiology or endoscopy. These 
patients were operated upon by another technique in 
which dissection of the lesser curve was begun at the 
‘crow’s foot’ (division of Latarjet’s nerve), and the 
skeletonization of the oesophagus was extended, in 
most patients, to more than 4 cm above the cardia. 

Nearly all the patients were subjected to augmented 
histamine tests before and 10 days after PGV. A small 
number had repeated histamine tests after PGV. 
Insulin tests were only done in the 56 patients operated 
on by the method of Amdrup and Jensen (1970). The 
technique of acid secretion tests has been described 
previously (Kronborg, 1972). The basal acid output 
(BAO) was measured during four 15-minute periods. 
All the acid samples were titrated to pH 3-5 and 7-0, 
but in this study results will only be given for pH 7-0. 

A clinical follow-up was performed 1-4 years after 
the operation (Table I). Dyspepsia was defined as 
epigastric pains, while recurrence was claimed when 
a recurrent or persisting ulcer was demonstrated at a 
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second laparotomy (22 patients) or by endoscopy (9 
patients). 

Relationships between recurrence and acid secretion 
were evaluated by a simple discriminative analysis 
(Kronborg, 1971). Further statistical evaluation 
included the t-test, the y? test, the Wilcoxon test and 
a rank sum test. Significance was stated for P<0-05. 


Table II: AGE AT TIME OF OPERATION IN 
RELATION TO RECURRENCE 


Duodenal ulcer Pre-pyloric ulcer 





M F M F 
Recurrence 57:7 §3-4 51-8 mn 
No recurrence 49-4 50-6 52-4 55-0 


Table IHI: RECURRENCE RELATED TO DURATION 
OF DYSPEPSIA BEFORE PGY 


Duodenal ulcer Pre-pyloric ulcer 


Dyspepsia 

before No No 
PGYV (yr) Recurrence recurrence Recurrence recurrence 
Less than 1 ł 14 0 6 
1<5 4 50 Hl 13 
§<10 4 42 ] 5 
Over 10 16 75 4 18 

P 0-054 0-215 
(rank sum 
test) 


Table IV: RECURRENCE IN DUODENAL ULCER 
PATIENTS RELATED TO TECHNIQUE OF PGV 


Males Females 
| No No 
Recur- recur- Recur- recur- 
Technique rence rence rence rence 
Border between antrum and 1i 31 2 12 


corpus determined by pH 
-+ 2 cm of the oesophagus 
Border just to the left of the 9 95 3 43 
‘crows foot’ + more than 
2 cm of the oesophagus 


For males y? = 7-7 for the difference between the two 
techniques. 
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Results 
Recurrence rates were not significantly different 
between men and women with duodenal ulcer (Table 
1). Six recurrences occurred among 30 men with pre- 
pyloric ulcer, but none among 18 women (005< P< 
0-10). The age distribution of patients with recurrence 
was similar to that of patients without recurrence . 
(Table ID. The risk of recurrence did not increase ` 
significantly with duration of dyspepsia before PGV | 
(Table HI). Recurrence rates were similar in patients — 
with a radiologically demonstrated ulcer crater | 
(23/177) and in those with ulcer deformation alone - 
(7/58), whether the lesion was pre-pyloric or situated - 
in the duodenal bulb. a 
The method of Amdrup and Jensen (1970) resulted - 
in significantly more recurrences than the use of. 


anatomical landmarks and more extensive dissection. - 
of oesophagus (Table IV). The mean distance from 


the pylorus to the starting point for dissection of the 
lesser curve was 9 cm (range 4-17 cm) as determined — 
by a pH probe and 7cm (range 6-8cm) when 
anatomical landmarks were used. 

The operations were performed by 14 surgeons with 
varying experience of PGV. Four surgeons performed 
more than 25 operations each, resulting in a recurrence 
rate of 9 per cent (15/169); the rate was 19 per cent 
(16/85) for the 10 less experienced surgeons (0-02 < P< 
0-05). However, only small variations in the average 
reductions of peak acid output (PAO) after PGV were 
seen from one surgeon to another (57-63 per cent). 

Preoperative BAO and PAO in duodenal ulcer 
patients were not greatly different in patients with or 
without later recurrence (Table V). The average post- 
operative BAO was higher in men with recurrent 
duodenal ulcer than in those without (P<0-02); the — 
difference was not significant in women with duodenal .. 
uker (0-05<P<0-10). A discriminative analysis — 
revealed a critical level of 5-2 mEq/h for postoperative 
BAO in men, the risk of recurrence being 54 per cent 
when the output was above this level and 10 per cent 
when below 5-2 (P<0-001). Postoperative PAO had 
no discriminatory ability. The percentage reduction 


Table V: BAO AND PAO COMPARED WITH RESULTS 1-4 YEARS AFTER PGY FOR DUODENAL ULCER 





Males Females 

No dyspepsia Dyspepsia Recurrence No dyspepsia Dyspepsia Recurrence 
Before PGY 
n 106 15 19 5] 2 5 
BAO (mean, mEq/h) 67 6:8 8-7 6:3 48 3°5 
Se 0-4 13 1-4 0-6 4-5 8 
PAO (mean, mEq/h) 50-3 452 48-5 33-7 35-2 31-2 
8.e. 1-5 4-2 40 1:3 5-8 4:8 
Ten days after PGY 
n 101 l i 20 A6 2 5 
BAO (mean, mEq/h) 1-7 2-6 4-2 2-0 0-3 3-7 
ERA 0-1 0-5 1-0 0-3 OI 1-0 
PAO (mean, mEq/h) 217 213 23-4 16-6 67 20-4 
Sè, 0-9 3-1 2°5 lI 0-5 77 
n 98 15 19 45 2 5 
%4 reduction of PAO 55-2 52-5 48-8 50-3 80-1 40-9 
Së. 1-6 4-0 4-5 2°8 4-6 15-5 
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Table VI: BAO AND PAO COMPARED WITH 


RESULTS 1-4 YEARS AFTER PGV FOR 
PRE-PYLORIC ULCER IN MEN 


NO 
dyspepsia Dyspepsia Recurrence 
Before PGV 
i 17 š 6 
BAO (mean, mEq/h) 6:5 3-3 8-6 
$.€. 2-3 0-8 3-0 
PAO (mean, mEq/h) 42-7 44-7 42-6 
SE 3-6 11-4 5-5 
Ten days after PGW 
n 18 4 6 
BAO (mean, mEgq/h) 29 1-8 4-6 
§.€, 0-8 0-6 1-7 
PAO (mean, mEq/h) 21-5 22-0 26°8 
S.. 22 $0 6:3 
H 16 4 6 
% reduction of PAO 50-6 62-7 39-6 
5.6, 5-3 8-6 10-1 
Table VII: STABILITY OF PAO AFTER PGV 
PAO (mean, mEq/h) No Interval 
Before After PGY of (mth) 
PGV | I] = cases P M R 
Recurrent 446 183 271 17 O-Ol IR 3-36 
ulcer 
Dyspepsia 445 161 23-6 8 0-05 13 5-30 
but no 
recurrence 





M, Mean; R, Range. 


of PAO after PGV was not less in men with later 
recurrence than in those without recurrence (0-10< P 
< 0-20). 

BAO and PAO in patients with pre-pyloric ulcer 
were not significantly different in those with and with- 
out recurrence either pre- or postoperatively. The 
figures for men are presented in Table VI 

A small number of patients had two postoperative 
histamine tests at varying intervals (Table VID. PAO 
increased significantly (50 per cent) from 10 days to 
18 months after PGV in patients with later recurrence, 
and a similar but insignificant increase was seen in 8 
patients with dyspepsia but no recurrence. 


Discussion 

The trend towards a higher risk of recurrence in men 
than in women has also been found after truncal and 
selective vagotomy with drainage (Kronborg, 1974: 
de Miguel, 1974), and a single study has shown 
significantly more recurrent duodenal ulcers in men 
after selective vagotomy (Kronborg and Madsen, 
1976). The higher number of parietal cells in men may 
be responsible for this trend, but very few studies 
give any information about the distribution of 
recurrence in relation to sex. 

Another trend towards a higher risk of recurrence 
was found in patients with a long history of dyspepsia, 
but the importance of this finding was less because of 
the smaller total number of patients with dyspepsia 
for only a short period of time. 


The higher risk of recurrence when a pH probe was 
used to locate the antrum/corpus border could partly 
be due to an incomplete denervation of the parietal 
cells in the border area. A more extensive denervation, 
as measured in cm along the lesser curve, is achieved 
when anatomical landmarks are used. Lyndon et al. 
(1975) found a higher acid response to insulin when 
10cm of the antral lesser curve were left innervated 
instead of 6 cm, as demonstrated in a randomized trial, 
but no difference was found in the recurrence rate. 
Unfortunately, we only performed insulin tests in 
patients operated upon by the method of Amdrup 
and Jensen (1970), but these tests showed an average 
acid response to insulin of 4-5 mEq/h 10 days after 
PGY (Kronborg and Madsen, 1975), which is higher 
than that seen after truncal vagotomy and drainage 
(Kronborg, 1972). 

The skeletonization of the oesophagus was extended 
when the use of a pH probe was abandoned, and this 
change in technique may have also affected the 
recurrence rate by making the vagotomy of the parietal 
cells more complete. Hellenbeck et al. (1977) separated 
the lesser omentum from the stomach beginning 
6-7 cm oral to the pylorus and cleared the distal 1 or 
2 cm of the oesophagus in 46 patients. Six recurrences 
resulted among 39 patients within 31 months. Where 
the technique was changed to include skeletonization 
of the distal 5-7-5 cm of the oesophagus, no recur- 
rences occurred among 17 patients within 3-22 months; 
the acid response to insulin became less, but insulin 
tests were only performed in some of the patients in the 
two groups. Liedberg and Oscarson (1973) reported 
a decrease in the recurrence rate when the oesophageal 
dissection was extended to 6-8 cm above the cardia 
and also the PAO was reduced by a greater degree. 
Another study (Joergensen et al., 1977) demonstrated 
no change in the recurrence rate by extending the 
antral denervation if the oesophageal dissection only 
included the lower 2 cm. The same study confirmed 
that an extension of oesophageal dissection from 2 to 
5-7 cm, maintaining innervation of 6-8cm of the 
antrum, resulted in a significant decrease of the acid 
response to insulin (from 4-5 to 0-6 mEq/h), and no 
recurrences occurred among 25 patients within a 
short period of follow-up (3-15 months). 

The results of the three studies mentioned above 
are in agreement with the low recurrence rate and 
small acid response to insulin in patients operated 
upon by the method of Johnston and Wilkinson 
(1970) and Goligher (1974). 

PGV may influence the risk of recurrence, but it is 
probably more important whether a small or large 
part of the lower oesophagus is cleared to obtain a 
complete vagotomy of the parietal cells. 

No relationship was found between PAO before 
PGV and the risk of recurrence. This is in contrast 
to the findings in patients with truncal and selective 
vagotomy (Robbs et al, 1973; Kronborg and 
Madsen, 1976) and may be due to the intact pylorus 
after PGV which excludes a constant stream of acid 
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| which is uniform and will 
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| an established product 
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exceptionally smooth catgut suture that varies in 
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along its entire length. The smooth surface finish greatly 
improves its passage through 
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and thereby allows relatively large amounts of acid 
to pass the duodenal bulb within a shorter period of 
time. 

The reduction of PAO after PGV was not related 
to the risk of recurrence, but the early postoperative 
PAO is probably not representative of the PAO some 
time after vagotomy. Support for this suggestion is 
given in Table Vil, which shows an increase of PAO 
within 18 months in 17 patients with recurrence, 
resulting in a final reduction of PAO after vagotomy 
of 38 per cent instead of 58 per cent, which is com- 
patible with the high number of incomplete vagotomies 
among the 17 patients. The reduction of PAO in 8 
patients with dyspepsia was changed from 63 to 46 
per cent within 1 year. The two groups were selected 
and are too small to allow any conclusion, but the 
risk of recurrence is probably related to the maximum 
acid secretion several months after PGV. Liedberg 
and Oscarson (1973) reported 4 recurrences among 20 
patients having a reduction of PAO of 33 per cent at 
an average of 2 months after PGV; their change in 
technique resulted in no recurrences among 60 patients 
having an average reduction of PAO of 58 per cent. 
The present increase of PAO with time after PGV 
may be explained by incomplete vagotomy combined 
with operative neuropraxia. In contrast, Greenall 
et al. (1975) found no significant increase of PAO 
from 1 week to 5 years after PGV in 21 patients with 
very small acid responses to insulin 1 week after 
PGV, suggesting a high degree of completeness of 
vagotomy. PAO more than 1 year after PGV was 
similar to PAO after truncal and selective vagotomy 
(Jepson et al., 1973). 

Both of the techniques used in the present study 
resulted in a significant relationship between recur- 
rence and BAO after PGV. This is in accordance with 
theresultsof Hood et al. (1975) for patients undergoing 
different types of vagotomy, and compatible with the 
results of Liedberg and Oscarson (1973). BAO has 
also been found to be higher in patients with multiple 
positive insulin test criteria 6 months after PGV and 
pyloroplasty than in those with two or fewer positive 
criteria (Aeberhard et al., 1975), suggesting a positive 
relationship between BAO and completeness of PGV. 

No conclusions could be reached in the small 
number of patients with pre-pyloric ulcer, but they 
were included since very little information is available 
in the literature about the results of PGV for pre- 
pyloric ulcer and they seemed to be very similar to 
those after PGV for duodenal ulcer. 
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Personal experience in the surgical management 
of carcinoma of the stomach 
C. B. COSTELLO, T. V. TAYLOR AND BRUCE TORRANCE#* 


SUMMARY 

A consecutive series of 226 cases of carcinoma of the 
stomach has been studied. The policy of treatment has 
been consistent throughout and laparotomy was per- 
formed in 96-5 per cent of cases. The follow-up has been 
studied with regard to duration of symptoms, location 
and degree of spread of the tumour and different forms 
of operative treatment. Although Billroth I gastrectomy 
gave a 32 per cent 5-year survival rate for the less 
advanced tumours the overall survival remains, as in 
other series, depressingly low (8-5 per cent). Education 
_ of the public to present early would not appear to help 
the situation as survival was directly proportional to the 
duration of symptoms. 


CANCER of the stomach is the third most common 
malignant tumour in the United Kingdom after 
cancers of the bronchus and breast and is second only 
to cancer of the bronchus as a fatal disease. The overall 
results of treatment for gastric cancer remain poor, 
and radical surgery currently offers the greatest hope 
of curative treatment. The main reasons for these poor 
results are the high proportion of patients who have 
advanced disease on presenting, and the inherent 
nature of the tumour to be biologically active in terms 
of growth and invasiveness. The prognosis after radical 
resection is influenced by the extent of involvement of 
the lymph nodes, but the overall 5-year survival rate 
remains between 5 and 11 per cent in most recorded 
series (Brookes et al., 1965; Lundh et al., 1974). 

A retrospective study was made of a consecutive 
series of 226 cases of carcinoma of the stomach under 
the care of one surgeon whose aim was to carry out 
radical surgery whenever possible. A consistent 
attitude to surgical treatment was maintained through- 
out the period of study. All the patients presented at 
the Manchester Royal Infirmary in the period 1960-9 
inclusive, and all were included in the study whether 
or not surgery was performed. The results of a 5-year 
follow-up are presented. 


Age and sex incidence 

There were 146 males and 80 females in the series, 
giving a ratio of 18:1. The peak age incidence at 
presentation was 60-64 years and the mean age for 
males was 63 years and for females 65 years. Sixty ner 
cent of males and 56 per cent of females presented 
between the ages of 55 and 70 years, 25 and 30 per cent 
respectively were over the age of 70 years and 2 and 
4-2 per cent were under 40 years of age (Fig. 1). The 
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male preponderance tends to increase with age as 
shown in Fig. 2, where the corrected incidence is. 
expressed as a rate per million of population in. 
Manchester according to the 1961 census (Smith, 
1976). 


Presenting features , 
Epigastric pain was a presenting feature in 66 per cent. 
of patients (Fig. 3). Pain in the right hypochondrium: 
was only complained of by 4 per cent and radiation of 
pain to the back by 11 per cent. Dysphagia occurred | 
in 17 per cent of males and 7-5 per cent of females. 
Antacids relieved symptoms in 17 per cent of males. 
and 7-5 per cent of females. Three males presented 
with hiccoughs, all of whom had lesions involving the- 
cardia. A family history of carcinoma of the stomach 
was obtainable from 1-5 per cent of cases. Fifty-six 
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per cent of patients had nausea and vomiting and an 
equal number had anorexia. Nineteen per cent gave a 
history of haematemesis, and malaena occurred in 
l1 per cent of cases. There was a weight loss of at least 
0-25 kg in three-quarters of cases and over 0-5 kg in 
a half of the patients. Fifty-five per cent had had 
symptoms for more than 6 months at the time of 
presentation, and an abdominal mass was palpable in 
40 per cent of cases. The mean duration of symptoms 
at presentation (6 months) is longer than in most other 
series. 
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Fig. 3. Common signs and symptoms. 


Table I: BLOOD GROUPS 


Group: O % Of patients: 47-5 
A 43-0 
B 9-0 
AB 0-5 
Table If: SURGICAL TREATMENT 
Total number of patients 296 
No procedure 8 
Laparotomy 215 
Peritoneoscopy 3 
Resection of tumour 150 
Palliative bypass 17 
Inoperable $1 


Investigations 

Investigations revealed that the erythrocyte sedimenta- 
tion rate was raised in 62 per cent of cases and the 
faecal occult blood was positive in an equal number. 
The haemoglobin was less than 70 per cent in 46 per 
cent of cases and over 95 per cent in only 16 per cent. 
The blood groups reflected the random incidence of 
those in the general population of Manchester (Table 
I). There was no preponderance of blood group A. 
Pernicious anaemia coexisted in 6 per cent of patients. 
On the whole barium studies showed a good correla- 
tion with the position of the lesion, but in 10 per cent 
of cases the barium meal examination did not show 
any abnormality. 


Treatment 
Surgery was carried out on 218 patients, 3 of these 
having peritoneoscopy only. The policy throughout 
the series has been consistent in that wherever 
possible resection of the primary tumour has been 
carried out, even in the presence of secondary deposits. 
Such patients with metastases underwent Polya 
gastrectomy with a wide anastomosis designed to 
delay gastric outlet obstruction by tumour and to 
facilitate a subsequent sleeve resection where the 
patient’s condition allowed it. The patients have been 
divided into three treatment groups: radical curative 
surgery, excision of the primary tumour and palliative 
bypass. All the patients in whom a resection was 
carried out were regarded as undergoing radical 
surgery. In patients with lymph node involvement it 
was not the policy to carry out block dissection of 
affected groups of nodes and no special attempt was 
made to remove them. Table H shows the breakdown 
of the series according to the procedure carried out. 
Surgical resection of the primary tumour was per- 
formed in 150 cases and a palliative bypass procedure 
in 17 patients. Laparotomy was undertaken without 
any definitive procedure being performed in 48 
patients. Of those undergoing surgical resection, 
proximal and distal resections were performed in 12-7 
and 60 per cent respectively, and 27-3 per cent had a 
total gastrectomy. The policy of treatment was deter- 
mined according to the site and extent of the tumour. 
The most common anatomical site of the tumour 
was the pyloric antrum (45 per cent), and these cases 
had the best prognosis, as reported by other authors 
(Zacho and Fischermann, 1966). The tumours tended 
to occur three times more commonly on the lesser 
curvature than on the greater curvature, 19 growths 
involved the cardio-oesophageal region and total 
gastric involvement was present in 41 cases. The 
regional lymph nodes were involved with metastatic 
tumour in 158 of the patients, as judged at operation 
and on histological examination of the resected 
specimens. 


Results 
A 3-year follow up was possible for all the patients 
except one, through the outpatients’ clinic and the 
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Fig. 4. Survival following radical and palliative procedures. 
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Fig. 5. Survival after various operations. 


cancer register of the Regional Epidemiology Depart- 
ment. As in other series the mortality in the first month 
after operation was depressingly high. Following 
radical surgical resection the mortality within 3 
months was 31 per cent and after palliative bypass 
procedures 41 per cent. These high mortality figures 
possibly reflect the advanced state of the disease and 
the tendency to carry out radical resection whenever 
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Fig. 6. Survival with and without involved lymph nodes. 
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Fig. 7. Duration of symptoms and survival. 


possible. For distal gastric resections the mortality 

was 16 per cent in the immediate postoperative period. 
Pulmonary complications accounted for the highest — 
percentage of early deaths, but the incidence of chronic - 
obstructive airways disease in this group of patients 
was much greater than the national average. Anasto- — 
motic leakage was not a common occurrence except — 
in the cardio-oesophagectomy group. 
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The overall 5-year survival rate of 8-5 per cent 
is similar to that of many other series (Zacho and 
Fischermann, 1966; Gilbertsen, 1969: Burn, 1971: 
Thomson et al., 1971). Following radical surgery the 
5-year survival rate was 18 per cent, which is three 
times that following a palliative procedure. The 
corresponding survival rates at 3 years were 25 and 12 
per cent (Fig. 4). In the small group of patients on 
whom no surgery was performed there were no 
survivors at | year, and in those who had laparotomy 
alone none survived 3 years. Of the individual opera- 
tions performed, a Billroth I resection gave the best 
survival, with 32 being alive at 5 years, and following 
a total gastrectomy there was a 12 per cent 5-year 
survival (Fig. 5). There was still a considerable 
mortality between 3 and 5 years after surgery. How- 
ever, it was observed that the survival from palliative 
resection and total gastrectomy was identical at 3 
years but at the 5-year stage survival increased two- 
fold in the total gastrectomy patients. The Polya 
gastrectomy group had a 5-year survival of only 
7 per cent, but as indicated previously this operation 
was largely a palliative procedure designed to delay 
the development of further obstructive episodes for 
as long as possible. 

The presence of lymph node involvement was a 
poor prognostic feature (Fig. 6). At | and 3 years the 
survival rate of those without lymph node involvement 
was twice that of those with affected lymph nodes, 
and at 5 years there was a tenfold increase in survival. 
Fig, 7 shows the survival in relation to the duration of 
symptoms and it is clearly shown that with an in- 
creasing duration of symptoms the chances of surviv- 
ing longer become greater. In those with a history of 
symptoms of less than 6 months the 5-year survival 
was under 3 per cent, whereas in those with symptoms 
present for more than 1 year the survival rate at 5 
years was 24 per cent. At all stages in the 5-year 
follow-up survival is directly proportional to the 
duration of symptoms. 


Discussion 

All the patients in this series were under the care of 
one surgeon and a policy of laparotomy and surgical 
excision of the primary wherever possible was carried 
out, giving a high operability rate. All but one patient 
were followed up so that an accurate index of the 
periods of survival has been obtained, 

The peak age incidence of the disease, as in other 
series, is between 60 and 70 years (Gillespie 1968), but 
when the incidence is expressed per million of popula- 
tion in males the incidence continues to rise with 
increasing age; these findings coincide with those 
of the larger series reported by Brookes et al. 
(1965). 

Aird and Bentall (1953) found a preponderance 
of patients of blood group A among those with 
carcinoma of the stomach, and although the figures of 
Doll et al. (1961) were less conclusive they suggested 
that both gastric cancer and diabetes were commoner 


in patients of blood group A than blood group O. We 
failed to confirm these findings as the blood group 
incidence was identical to that of the normal 
population in the Manchester area (Smith, 1976). 

In a large series of patients from the Birmingham 
region reported by Brookes et al. (1965) the operability 
rate was 63:5 per cent, Gilbertsen (1969) in the USA 
operated upon 86-4 per cent, Thomson et al. (1971) in 
Scotland 71 per cent and Lundh et al. (1974) in an 
international study 91 per cent. In the present series 
96-5 per cent underwent an operative procedure. 

Despite the high operability rate most of the 
patients had presented at an advanced stage of the 
disease, and although resection was carried out in 70 
per cent of patients, what was regarded as a radical 
curative procedure was only possible in 25 per cent. 
Palliative resection was performed in 20 per cent more 
than in the International Federation of Surgical 
Colleges series (Lundh et al., 1974), the percentage 
submitted to curative resection in this study and the 
present series being identical. 

Although Friesen et al. (1962) have shown in a 
highly selected group of cases of early carcinoma in 
situ a 5-year survival rate of 93 per cent, in our series 
the disease tended to be far more advanced at the 
time of presentation; during the period of study, how- 
ever gastroscopy had not yet been established as a 
routine procedure in our department. Only 2 cases in 
the present series had previous evidence of benign 
gastric ulcer and the same number had had gastric 
surgery for benign conditions. The results of distal re- 
sections have again been found to be more favourable 
than proximal surgery, and we agree with Zacho and 
Fischermann (1966) that nothing is accomplished by 
total gastrectomy for distally situated tumours. 

With regard to lymph node involvement Marshall 
(1958), Fergusson (1966) and Remine et al. (1969) 
have stated that patients with any degree of nodal 
metastases have a far worse prognosis than those with 
benign lymph nodes only. Cantrell (1971) stated that 
survival is inversely proportional to the extent of 
lymph node involvement and is not a direct function 
of the absolute presence or absence of secondary 
spread to lymph glands. Our findings reinforce the 
argument that the presence of any lymph node involve- 
ment greatly worsens the prognosis, and we would 
suggest that this is often more extensive than is 
apparent on the excised specimen. It has been the 
experience of the senior author that perforated gastric 
ulcers are frequently malignant and the importance of 
a biopsy at the time of the operation is emphasized. 

As the period of survival is directly proportional to 
the duration of symptoms it seems unlikely that earlier 
diagnosis can be made from better awareness of 
symptoms. It would not be feasible within the National 
Health Service to carry out a full gastroscopic 
screening programme to detect asymptomatic cancers. 
However, this would appear to be the only currently 
available method which could be applied to those 
within the peak age incidence in the community. 


With a policy of operative treatment wherever 
possible and a higher operability rate than in most 
other series we would conclude that surgery remains 
unrewarding in the advanced case, but it is worth 
carrying out a radical procedure whenever possible, 
particularly when there is no evidence of lymph node 
involvement, 
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Quinacrine in the management of malignant 


pleural effusion 


S. A. TAYLOR, N.S. HOOTON AND A. M. 


SUMMARY 

Twenty-five patients with malignant pleural effusion 
were treated with a single intrapleural dose of Quina- 
crine. Eighteen patients (72 per cent) had a significant 
response, with no reaccumulation of fluid for at least 2 
months following treatment up to a maximum of 18 
months in 2 patients. Seven patients (28 per cent) 


survived for longer than 1 year without evidence of 


recurrent effusion, 


One of the most distressing problems associated with 
metastatic malignant disease is the accumulation of 
pleural fluid dueto either involvement of the pleura with 
tumour deposits or subpleural lymphatic obstruction. 
Although this may be difficult to control, survival can 
be prolonged in an otherwise relatively well patient. 
_ Various methods of dealing with this problem have 
been introduced and include the use of intrapleural 
mustine (Sutton, 1973), radioactive colloidal gold 
(Mackay, 1957), talc pleurodesis (Pearson and 
MacGregor, 1966), pleurectomy in selected cases 
(Jensik et al., 1963) and Quinacrine (Borja and Pugh, 
1973). We wish to record our experience with 
Quinacrine (mepacrine mesylate). t 


Patients and methods 

Twenty-five patients with malignant pleural effusion 
due to any cause were included in the study and no 
attempt at selection was made. Nineteen patients had 
carcinoma of the bronchus which had presented 
primarily with a pleural effusion. One of these patients 
had had a lobectomy for carcinoma of the opposite 
lung and presented with an effusion in the opposite 
pleural cavity. All of these patients, together with 2 
cases of mesothelioma of the pleura, had a thoraco- 
scopy and biopsy before treatment. Three other 
patients had metastatic breast cancer and another a 
renal cell carcinoma. In these cases cytological 
examination of the pleural fluid was done to confirm 
the cause of the effusion before treatment. The 
effusions were drained using tube drains inserted 
under local anaesthesia. After thoracoscopy a tube 
drain was also inserted. At this stage it is most 
important that the entire effusion is drained so that 
satisfactory adhesion can take place when Quina- 
crine is instilled. After the method of Borja and Pugh 
(1973) 800 mg of Quinacrine dissolved in 20 mi of 
sterile normal saline were instilled into the pleural 
cavity via the chest drain which was then clamped for 
2 hours. During this time the patient was turned every 
15 minutes so that the solution reached all parts of the 


MACARTHUR* 


Table I: RESULTS OF QUINACRINE INSTILLATION 


No, of aspirations bench. Aleck 


Before After of dead at 
Patient Tumour Q Q survival review 
S, W. Breast 4 0 I mth Dead 
D. W. Breast 5 0 2 mth Dead 
R.C. Bronchus 3 0 6 mth Dead 
A. K. Bronchus 6 2 i mth Dead 
S. L. Bronchus 3 0 1 wk Dead 
L Y. Bronchus 3 0 6 mth Dead 
A. K. Bronchus 2 Q 2 wk Dead 
D. S. Breast 3 0 i4mth Alive 
S. W. Bronchus 2 0 4 mth Alive 
M. B. Bronchus 2 2 lyr Dead 
R. B. Bronchus 2 ọ 3 mth Alive 
H. B. Bronchus 2 0 2 mth Dead — 
J. W. Bronchus 2 0 6 mth Alive 
CH Bronchus 2 0 4 mth Dead 
E. L. Bronchus 1 0 6 d* Dead 
S.C. Meso- l 0 I yr Alive 

thelioma 
J. F. Bronchus 3 0 3 mth Alive 
D., G, Bronchus 2 0 2 mth Alive 
H. M, Bronchus 1 6 5 mth Dead 
C, R. Meso- 2 0 lyr Alive 
thelioma 

R.J. Bronchus l 0 2 mth Dead 
L. B. Kidney 1 0 2 mth Alive 
H, G. Bronchus 4 0 2 mth Dead 
Ts, Bronchus 3 0 mth Alive 
K. F. Bronchus 3 0 18 mth Alive 
Q, Quinacrine. * Died of massive surgical emphysema. 


pleura. The tube was then unclamped and removed 
when drainage had ceased, usually between 24 and 
72 hours. 

The results obtained are listed in Table 1, which 
shows that 18 of 25 patients (72 per cent) had what 
we termed a ‘useful’ response in that there was no 
evidence of recurrent effusion 2 months or more after 
treatment, and that only 3 of the other cases needed 
further aspiration. Two of the latter patients survived 
for 5 and 12 months respectively following treatment. 
Pain was not experienced during treatment. 

A rise in temperature commonly occurred after 
Quinacrine instillation. In 10 cases it was sustained 
for more than 48 hours and was above 38 °C during 





* Cardiothoracic Units, King's College Hospital and The 
Brook Hospital, London. 


* The original drug Quinacrine Soluble (mepacrine mesylate) 
can no longer be obtained from May & Baker Limited. They 
can supply Quinacrine as mepacrine hydrochloride which has 
to be sterilized by filtration for each case since it is known to 
deteriorate after about 7 days. Seven hundred mg of the 
hydrochloride are approximately equivalent to 800 mg of the 
mesylate. 


Table H: RESULTS OF VARIOUS FORMS OF 
THERAPY FOR MALIGNANT PLEURAL EFFUSION 
REPORTED IN THE LITERATURE Benefit * 


Author (No. of patients) (€, of patients) 

Cytotoxic drugs 
Anderson et al, (1974) 60 37 
Fracchia et al. (1970) 138 275 
Leininger et al. (1969) 18 61 
Radioactive gold 
Mackay (1957) 83 25 
Tale 
Pearson and MacGregor 17 76 

(1966) 
Shedbalkar et al. (1971) 28 75 
Quinacrine 
Borja and Pugh (1973) 39 68 


* In most series benefit from therapy implies no evidence of re- 
accumulation of effusion for 2 months or more after treatment. 


this time. A ‘useful’ response to treatment was seen 
in all these cases. No change in the white blood cell 
count was recorded in any patient. Only one patient 
became confused after treatment and this lasted for 48 
hours. Seven patients (28 per cent) survived for longer 
than 1 year without evidence of recurrent effusion. 


Discussion 

We agree with other authors (Borja and Pugh, 1973: 
Sutton, 1973; Anderson et al., 1974) that the effusion 
should be effectively drained so that the agent for 
chemical pleurodesis will have its maximum effect. It 
is certain that dilution renders it ineffective. Previous 
aspiration and the use of cytotoxic drugs locally do 
produce loculation within the pleural cavity in some 
cases and create difficulties when attempting further 
pleurodesis. For this reason we recommend that 
Quinacrine should be used as the first treatment. 
There were few problems associated with its use. Its 
great advantage is that it is completely painless whilst 
at the same time producing an intense pleural 
reaction, and thus compares favourably with the use 
of intrapleural cytotoxic drugs, which can be very 
painful and distressing in our experience. The same 
disadvantage applies to talc pleurodesis. 

Elevation of the temperature is a common occur- 
rence after Quinacrine. We considered the tempera- 
ture rise significant only if it was persistently elevated 
above 38 °C for 48 hours or longer. One of our cases 
had an elevated temperature for 10 days but had no 
symptoms during this time. This is clearly a reflection 
of the pleural reaction which is taking place and 
would appear to be of no consequence. 

We advocate the use of thoracoscopy in the early 
investigation of pleural effusion. It is effective in 
permitting an early diagnosis by biopsy and enabling 
complete drainage of an effusion before treatment with 
Quinacrine. Twenty-one of our cases had thoraco- 
scopy and in 20 there was a useful response in that 
no effusion recurred for at least 2 months following 
treatment. One patient from this group of 21 was a 
treatment failure owing to technical problems with the 
chest drain causing massive surgical emphysema. 


* 
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Nitrogen mustard, Thiotepa, radioactive gold and 
yttrium-90 are successful in controlling pleural 
effusion in about one-half of cases when used by the 
intrapleural route (Leading Article, 1968). Our 
results compare very favourably with the best results 
obtained with other methods (Table II). Quinacrine — 
has the great advantage, from the patient’s point of | 
view, that it is painless. Talc, on the other hand, is | 
painful and large doses of opiates are needed for at 
least 48 hours after administration (Jones, 1969). We 
also found Quinacrine to be without serious or 
unpleasant side-effects, whereas cytotoxic drugs are | 
known to cause nausea, vomiting, bone-marrow 
depression and thinning of the hair, even when used | 
by the intrapleural route (Fracchia et al., 1970). We 
therefore recommend Quinacrine as a useful alter- | 
native to the existing forms of therapy available for | 
the management of malignant pleural effusion. 
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Assessment of prognosis in cutaneous malignant 


melanoma 


T. L. BARCLAY, D. J. CROCKETT, D. S. EASTWOOD, J. EASTWOOD 


AND G. R. GILES* 


SUMMARY 

A retrospective study of 103 patients with histologically 
proved cutaneous malignant melanoma was made 
in order to assess the validity of a simple prognostic 
index, based upon a multivariate analysis of weighted 
pathological and clinical factors, in predicting the 
expected outcome in a given case. The results of the 
study were almost identical to those observed by 
Cochran (1968); 16 per cent of the patients with a low 
prognostic index (less than 20) died or developed 
recurrence of melanoma during the period of follow-up, 
in contrast to those with a high prognostic index (greater 
than 25) of whom 64 per cent were similarly affected. 
It is concluded that the predicted outcome based upon 
such an index is valid for the 5 postoperative years in 
some 90 per cent of patients with cutaneous malignant 
melanoma. It is suggested that the use of such an index 
may be of great value in selecting patients in whom the 
expected outcome to surgical therapy is poor and in 
whom adjuvant therapy may be of value. 


MALIGNANT melanoma is a relatively rare and un- 
predictable tumour with an incidence varying from 
1:27 per 100 000 males to 2-84 per 100 000 females; 
there is some evidence (Cosman et al., 1976) that the 
incidence is increasing. It forms about 1-3 per cent of 
all cancers and 80-90 per cent of melanomas occur in 
the skin (Kinsey and Smith, 1959). Though associated 
by many with a poor prognosis, this may not be the 
case, for Peterson et al. (1963) found an overall 5-year 
survival rate of 58 per cent in 226 patients and Lehman 
et al. (1966) one of 43 per cent. The reputation of 
malignant melanomas for having a worse outcome 
than other malignant tumours does not appear to be 
justified and is possibly related to the fact that the 
primary tumours and their secondary deposits are 
often visible. The superficial nature of the cutaneous 
malignant melanoma can, moreover, be utilized in a 
much more accurate assessment of the clinicopatho- 
logical features than is possible with deep-seated 
tumours, and this allows a correlation with the 
subsequent course of the disease. Such an analysis 
may explain the wide natural variation in the bio- 
logical behaviour of malignant melanoma and may 
have particular relevance in the therapeutic manage- 
ment of patients. With the advent of techniques of 
active immunotherapy and newer chemotherapeutic 
agents, it has become increasingly tmportant to 
identify the patients with a poorer prognosis in whom 


it will be advisable to employ some type of adjuvant 
therapy in addition to surgical excision. 

With this in mind we have examined the records of . 
patients with malignant melanoma treated by us over 
the past decade and have evaluated the clinical and 
pathological features of each tumour in the patients 
for whom the records are complete and for whom the 
primary diagnostic slides are available. These features 
have been scored using.a system described by Cochran 
(1968) to produce a prognostic index. This index has 
been assessed against the clinical course of the disease. 


Patients and methods 

One hundred and three patients with histologically 
proved cutaneous malignant melanoma have been 
included in the study. In all cases wide excision was 
made with a surrounding margin of 5 cm of healthy 
skin, except in elderly patients with melanoma on the 
face where lax skin and better prognosis dictated 
excision of a width of skin that could still be repaired 
by a local skin flap. Subungual lesions were treated 
by amputation at the next proximal joint. Dissection 
of the regional lymph nodes was undertaken if the 
lymph nodes appeared to be involved clinically or 
became so at a later date, but was not done as a 
prophylactic measure. 

The patients were followed up at frequent intervals 
during the first 2 years and then at 6-monthly intervals. 
This report is concerned with the patients who have 
been followed up for 2 years or more. Detection of 
recurrent tumour was made by careful clinical 
examination and regular chest X-rays. 


Histological examination 

All the biopsy material was examined by one patho- 
logist (J. E.), the diagnosis being confirmed according 
to the criteria described by Lund and Kraus (1962). 
Each tumour was given scores to be incorporated into 
the prognostic index and related to the pathological 
features of depth of invasion, mitotic activity of 
tumour cells, surface ulceration and invasion of 
lymphatic vessels. The depth of invasion was judged 
by its relation to the deepest extent of the sweat 
glands. The mitotic activity of the tumour was 
measured from the average count obtained from the 
examination of ten high power fields (x 250). 


+T, L. Barclay, D. J. Crockett and J. Eastwood: St Luke's 
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Table I: PROGNOSTIC INDEX OF MELANOMA 





Clinical features Pathological features 
Feature Score Feature Score 

Sex Relation to epidermal 

Male 6 appendages 

Female i Above H 
Site Below 4 

Head and neck l 

Lower limb 3 Mitotic rate 

Trank 6 Less than I per HPF |Í 

Upper limb 2 1 or more per HPF 3 

Acrogenital 6 

Occult 8 Ulceration 

Subungual 4 No i 

Mucosal 8 Yes 4 
Size Invasion of lymphatics 

Less than 2 cm i or vessels 

2cm or more 4 No i 
Duration of symptoms Yes 4 

Less than 2 years I 

2 years or more 2 
Exposed site i 
Non-exposed site > 
Nodal involvement 

No 

Yes 10 


Disseminated disease 15 
HPF, High power field. 





Prognostic index 

By taking account of both clinical and pathological 
features, a prognostic score was given retrospectively 
to each patient. The score values for each feature were 
those described by Cochran (1968) and are shown in 
Table I. 


Results 

After totalling the scores for the clinical and patho- 
logical features in the 103 patients, three groups of 
patients were studied. 


Group I: Prognostic index of less than 20 (good 
prognosis) 

Fifty patients have been followed up for 2 years or 
more after the initial diagnosis and treatment. The 
group as a whole has done well though 4 patients have 
died from melanoma (8 per cent) and another has died 
from an unrelated cause (Fig. 1). In 3 of the patients 
who died from melanoma the recurrences occurred 
early in the second year, but in the other fatal cases 
death was delayed beyond 5 years of follow-up. Four 
other patients are known to have developed recurrence 
of the primary tumour, 2 by the second year of 
follow-up, and 2 other patients after 5 years; all but 
one of these are clinically disease-free at the present 
time. The overall recurrent malignancy rate for the 
patients with a low prognostic index is 16 per cent. 


Group Il: Prognostic index of 20-25 (intermediate 
prognosis) 

Fig. 2 details the clinical follow-up of 28 patients with 
a prognostic index of 20-25. It can be seen that there 
have been 5 deaths in this group, but in only 2 cases 
was this due to melanoma, the disease-free interval 
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Fig. 1. Outcome in the group of 50 patients with a prognostic — 
index score of less than 20. 
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Fig. 2. Outcome in the group of 28 patients with a prognostic 
index score of between 20 and 25. 
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Fig. 3. Outcome in the group of 25 patients with a prognostic 
index score of more than 25, 


being 4 and 18 months respectively. Three other 
patients have developed recurrence, however, 2 within 
a year and 1 after 6 years. The overall recurrence rate 
for the group is 18 per cent. 


Group Ill: Prognostic index greater than 25 (poor 
prognosis) 

The follow-up details of 25 patients with a prognostic 
index of more than 25 are shown in Fig. 3. By the end 
of the second year of follow-up, 10 patients had died 
of recurrent malignancy, and 5 more died in the 
ensuing 2 years, giving a 60 per cent mortality rate. 
One patient died in the second year of an unrelated 
cause. A further 3 patients have recurrent disease; 2 
of these patients have survived for more than 5 years 
despite a disease-free interval of only 6 and 15 months 
respectively. Seven of the 25 patients had disseminated 
disease or clinically involved lymph nodes when first 
seen, and 2 of these are alive and clinically disease-free 
6 years later. Of the 5 patients of this latter group who 
died, 3 showed scores of more than 25 without the 
extra weighting given for spread of the disease; it 
seems, therefore, that although a high score ab initio 
carries a bad prognosis the outlook is not necessarily 
worse if that high score is due to positive lymph nodes. 


Discussion 

The wide natural variation observed in the biological 
behaviour of malignant melanoma has long been 
recognized. Apart from the presence of widespread 
disease, as shown by distant metastases, there is no 
single factor upon which an accurate assessment of 


outcome can be based. Factors shown to have a greater 
or lesser influence upon outcome in a given case may 
be characteristic of the patient or of the primary 
tumour. It has been well shown that lesions of the 
upper extremity have a better prognosis than those of 
the head and neck, abdomen and foot (Vogler et al., 
1958; Pack, 1959; Lehman et al., 1966). Not surpris- 
ingly the size of the primary tumour appears to 
affect the clinical outcome, patients with tumours of 
2 cm diameter or less carrying a better prognosis than 
those with larger lesions (Allen and Spitz, 1953; Lund 
and Ihnen, 1955; Lane et al., 1958). A similar correla- 
tion is obtained in respect of tumour volume, whether 
this is assessed by the method of Breslow (1970) or by 
a study of cross-sectional profiles as described by 
Little (1972). 

In an analysis of the histological features of resected 
primary tumours, Allen and Spitz (1953) stressed 
such favourable features as lack of deep tumour 
infiltration, lack of surface ulceration, lack of pleo- 
morphism of tumour cells and paucity or absence of 
mitotic figures. The later work of Clark et al. (1969), 
McGovern (1970) and Wanebo et al. (1975) confirmed 
a worsening prognosis with increasing depth of 
primary tumour invasion. It is also known that a 
quantitative count of the mitotic activity of the tumour 
cells correlates well with the prognosis (McGovern, 
1970; Little, 1972). Thompson (1972) has suggested 
that the degree of chronic inflammatory infiltration 
associated with the advancing edge of the primary 
tumour is also of value in assessing the prognosis; 
technical difficulties in carrying out such a measure- 
ment would make routine application difficult. The 
prognostic significance of lymph node metastases is 
well recognized, Gumport and Harris (1974) having 
reported a survival rate of only 10 per cent in a large 
group of patients with histologically positive lymph 
nodes. It is more difficult to assess the prognostic 
significance of minor degrees of tumour infiltration 
into the subepithelial lymphatic channels. Similarly, 
the significance of vascular permeation within the 
dermis in regard to prognosis has yet to be determined 
(McGovern et al., 1973). 

The gross and microscopic pathology of malignant 
disease as observed at operation and subsequent 
examination of the specimen has long been established 
as probably the most significant aid to prediction of 
outcome in a given case. Thus, in the case of colorectal 
carcinoma simple division into categories based upon 
degree of local tumour infiltration and extent of 
lymphatic permeation enabled Dukes and Bussey 
(1958) to demonstrate a direct correlation between an 
adverse outcome and extent of spread. In dealing with 
individual patients, however, a simple basic approach 
of this type fails to allow a sufficiently accurate 
assessment of probable outcome to be made. In an 
attempt to overcome this difficulty Cochran (1968), 
using a multivariate form of analysis, proposed the 
use of a prognostic ‘index which took into account 
not only the histopathological features of the tumour 


but also other variants shown to have a minor effect 
upon outcome, postulating that by considering these 
features in combination a more valid estimate of 
prognosis might be made. The inclusion of these 
additional features in constructing a prognostic index 
can be justified from previous observations, and the 
prognostic index suggested by Cochran (1968) 
based upon a simple additive score which takes into 
account the majority of the clinicopathological 
features so far discussed. By analysis, Cochran’s 
figures defined a high risk group of patients in whom 
the retrospective prognostic index exceeded a score 
of 25 and of whom 81 per cent died from malignant 
melanoma during the period of follow-up. Conversely 
a prognostic index of less than 20 was associated with 
less than 20 per cent of the patients dying from 
malignant melanoma. The results of the present study 
are almost identical to those of Cochran: 16 per cent 
of the patients with a low prognostic index (less than 
20) have died or developed recurrence of melanoma 
and 64 per cent of those with an index greater than 25 
have been similarly affected. 

Prediction of the probable clinical course of a given 
tumour is generally based upon two main sources of 
information—the morphological appearances and the 
accumulated experience of the natural history of 
tumours of similar histological type. While in many 
instances a correct prediction of behaviour can be 
made upon microscopical appearances alone, this 
singular approach can be dangerously misleading. 
The use of a prognostic index based upon a multi- 
variate analysis with appropriate weighting of variants 
represents an attempt to minimize this latter difficulty, 
reflecting, as appears likely, the complex interrelation- 
ship between host and tumour. This raises the question 
as to whether patients with a high index have an 
impaired immunity to their own tumour, a situation 
reflected by early recurrence and high mortality rate. 
Conversely, a low prognostic index associated with a 
lower recurrence and mortality rate may imply a more 
active immune response against the tumour tissue. 

The value of this approach to the management of 
patients with malignant disease remains to be deter- 
mined. Surgical management of malignant melanoma 
may have reached the limits of purely surgical 
technique, and attention is frequently directed to 
forms of adjuvant therapy. This additional treatment 
may take the form of chemotherapy, immunotherapy 
or radiotherapy, and since the results of such an 
approach are not at present known in either the short 
or long term it is perhaps appropriate that such 
therapy should be applied in situations in which the 
prognosis is poor. It is, however, clear that even this 
relatively sophisticated form of prognostic index 
reflects the host-tumour relationship only for the first 
5 years after operation. In patients with a high or low 
index there is still the possibility that malignant cells 
remain dormant, a possibility illustrated by the late 
tumour recurrence observed in 3 cases of the present 
series in whom a prognostic index of less than 20 had 
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been recorded. At present it seems that in the absence 
of adjuvant therapy that is specific and effective 
additional treatment should be confined to patients 

in whom the prognosis, based upon a multivariate 
analysis of the present type, is considered to be poor. 
To conclude, the present study supports the pre- 
liminary publication of Cochran (1968) in that a valid _ 
prediction of outcome may be made in some 90 per 
cent of cases of cutaneous malignant melanoma by thè- 
use of a simple and practical prognostic index based 
upon selected pathological and clinical factors 
appropriately weighted, and that such a prediction of 
outcome is valid for at least 5 years postoperatively. - 
It is considered that the use of such a prognostic in- 
dex may prove of considerable value in the selection óf- 
cases in whom the expected outcometosurgical therapy - 
alone is poor and in whom theneweradjuvant therapies — 
might be of value in improving such an outcome, 
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Segmental dearterialization in penetrating renal trauma 


I. B. ANGORN* 


SUMMARY 

"Refractory renal haemorrhage following low velocity 
penetrating trauma has conventionally been treated by 
nephrectomy or partial nephrectomy. Anatomical studies 
have demonstrated that the renal artery branches are 

. end-arteries, each branch supplying a renal segment, 
with no collateral artery supply between seements. Life- 
threatening haemorrhage is arterial, and usually issues 
from a single segmental artery easily demonstrable by 
renal angiography. 

Fourteen patients had various segmental arteries 
ligated to control haemorrhage. Associated visceral 
injuries were present in 4 patients. Preoperative 
selective renal arteriography was possible in 13 patients 
and demonstrated the bleeding site in all cases. 
Segmental dearterialization produced haemostasis in 
12 of the 14 patients. One patient required nephrectomy 
and one patient ligation of a second segmental artery to 
control bleeding. All the patients survived the operative 
procedure. Supine renin levels were normal on the 
fourteenth postoperative day and no patient developed 
hypertension during the follow-up period of 9-24 months. 

Segmental renal dearterialization by open operation 
is a simple and effective technique ef controlling 
refractory renal haemorrhage with maximum preserva- 
tion of renal parenchyma, 


Low velocity penetrating renal injury due to bullet 
wounds or sharp instruments may cause death from 
severe persistent haemorrhage, with only minor 
damage to renal parenchyma. Refractory renal 
haemorrhage is usually arterial and has in the past 
necessitated nephrectomy or partial nephrectomy to 
save life. It has been shown that renal artery branches 
are end-arteries, each branch supplying a well-defined 
segment of the kidney (Graves, 1954). Reports exist 
of the management of intrarenal arteriovenous 
fistulas by renal branch artery ligation (Cosgrove et 
al., 1973; Angorn, 1974). Non-operative techniques 
involving transfemoral selective catheterization of the 
segmental renal arteries with embolic occlusion of 
these arteries have been documented in the manage- 
ment of intrarenal aneurysm (Almgard and Fernstrom, 
1973), post-biopsy arteriovenous fistula (Bookstein 
and Goldstein, 1973; Rizk et al., 1973) and post- 
traumatic refractory haemorrhage (Kalish et al., 
1974). Because of the difficulty of catheterization of 
renal artery branches on an elective basis, universal 
application of this technique for the contro! of renal 
haemorrhage, aneurysm or intrarenal arteriovenous 
fistula is not feasible. The present author advocates 
segmental dearterialization by open operation in the 
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Fig. 2. Major segmental renal arteries, 


management of renal haemorrhage due to low 
velocity penetrating injury. 


Anatomical considerations 

On the basis of arterial distribution, Graves (1954) 
described five renal segments: apical, upper, middle, 
lower and posterior (Fig. 1). Each segment is supplied 
by its own artery. The main stem of the renal artery 
divides at a variable point between the aorta and renal 
hilum into anterior and posterior divisions. The 
anterior division gives off the apical, upper, middle 
and lower segmental arteries, whilst the posterior 
division continues as the posterior segmental artery. 








* Department of Surgery, University of Natal, Durban, South 
Africa. 


‘60 I. B. Angorn 


Table I: DETAILS OF THE PRESENT SERIES 


Duration of Renin 
Mode conservative (ng/ml) ° 
Case of Initial renal Segmental branch on day 
No. Sex Age injury Clinical problem management treatment ligated Result 14 

1 M 36 KW Continuous bleeding Conservative > Right lower Haemostasis 0-9 

2 F 25 KW Haemothorax, con- Conservative 3 Right posterior Re-bleeding me 
tinuous bleeding 

3 M 28 KW Recurrent bleeding Conservative 14 Right upper, Re-bleeding, 1-2 

right posterior haemostasis 
4 days later after second 
ligation . 

4 M 4 KW Recurrent bleeding, Conservative 8 Left posterior Haemostasis 6:5* 
flank mass, hyper- 1-44 
tension 

5 M 33 KW Jejunal perforations, Laparotomy for 32 Right upper Haemostasis i4 
arteriovenous fistula, jejunal injury 
bleeding 

6 F 27 KW Continuous bleeding Conservative 2 Left upper Haemostasis 1-6 

7 M 23 KW Continuous bleeding, Conservative 6 Right posterior Haemostasis I+] 
arteriovenous fistula 

8 M 41 KW Large false aneurysm, Conservative 24 Right upper Haemostasis 1-5 
continuous bleeding 

9 M 18 KW Colon perforation, Laparotomy for 5 Left lower Haemostasis 1-2 
recurrent bleeding colon injury 

10 M 29 KW lleal perforation, Laparotomy for 4 Left middle Haemostasis 1-5 
recurrent bleeding ileal injury 

ll F 51 NB Continuous bleeding Conservative 36 Right posterior Haemostasis 1-3 

12 M 19 GW Exsanguination, colon Immediate Nil Right lower Haemostasis Og 
perforation laparotomy 

13 M 34 GW Recurrent bleeding, Conservative 12 Left upper Haemostasis id 
arteriovenous fistula 

14 M 31 GW Continuous bleeding Conservative 3 Right posterior Haemostasis 16 


All the patients survived and at 9-24 mth their blood pressure was normotensive. 


KW, Knife wound; NB, needle biopsy: GW, Gunshot wound. 


The posterior segmental artery passes behind the 
junction of the pelvis and uppermost renal calix and is 
the only major artery lying behind the pelvicaliceal 
system (Fig. 2). The renal artery branches are end- 
arteries; no collateral arterial supply is present 
between segments. There is a free anastomosis of the 
intrarenal veins, which do not follow a segmental 
arrangement (Brown, 1924). 

Fine and Keen (1966), confirming Graves’s work, 
described an ‘intermediate cortex’ lying between the 
upper and lower calixes and supplied by an inter- 
mediate artery. They introduced a concept of primary 
and secondary branching of the renal artery. The 
primary branches are posterior, upper and lower: the 
secondary branches are intermediate and middle. The 
intermediate artery arises from the upper segmental 
artery in 75 per cent of kidneys and the middle artery 
from the lower segmental artery in 75 per cent of 
kidneys (Fig. 2). When the renal artery is single, the 
first primary branch of the renal artery is the posterior 
segmental artery in 60 per cent of kidneys, and the 
lower segmental artery in 30 per cent. A synthesis of 
these two descriptions is useful in the interpretation 
of renal angiograms. 


Clinical material 

During the period July 1972 to July 1975, 74 patients 
were admitted with a proven history of low velocity 
penetrating renal trauma. Twenty-four patients (33 
per cent) had associated thoracic and abdominal 


* On day 2. + On day 14. 


injuries. In 60 patients (81 per cent) the renal injury 
responded satisfactorily to conservative management. 
Fourteen patients had various segmental renal arteries 
ligated for haemorrhage (Table 1). Ten patients had 
sustained stab wounds, 3 had sustained gunshot 
wounds and one patient developed recurrent severe 
haematuria following needle biopsy of the kidney. 
The average age of the patients was 31 years (range 
18-51 years). There were 11 male and 3 female patients. 
Associated injuries to the colon (2), small bowel (2) 
and chest (1) were present in 5 patients (36 per cent). 
The right kidney was injured in 9 patients and the left 
kidney in 5. 

Preoperative selective renal arteriography was 
possible in 13 of the 14 patients and displayed the 
bleeding site in all 13 patients. Arteriography was not 
possible in one patient with exsanguinating haemor- 
rhage who required immediate exploration. The 
source of haemorrhage was the posterior segmental 
artery in 6 patients, the upper segmental artery in 4, 
the lower segmental artery in 3 and the middle 
segmental artery in one patient, All the patients were 
significantly disabled as a result of the renal injury. 
One patient was exsanguinated, in 7 patients there 
was intermittent gross haematuria and 6 patients 
continuing massive haematuria. A minimum of 6 
units of blood per patient was required to correct 
estimated losses. One patient developed hypertension 
in association with an expanding flank mass and 
recurrent haematuria. 





Supine plasma renin levels were estimated in 13 of 
the 14 patients on the second and fourteenth post- 
operative days. Duplicate immunoassays were carried 
out by means of the procedure described by Haber 
et al. (1969). The development of hypertension was 
specifically watched for during the follow-up period. 


Management 

Each patient was evaluated and appropriate resusci- 
tative measures instituted. Experience has supported 
a policy of referring all cases of penetrating renal 
trauma for renal angiography unless life-threatening 
haemorrhage or associated injuries preclude this 
investigation. Conservative management of penetrat- 
ing renal trauma was instituted whenever possible. 
Indications for operative intervention were exsangui- 
nating haemorrhage, intermittent or continuous 
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Fig. 3. Case 7. a, Normal intravenous pyelogram following 
penetrating injury. b, Preoperative angiogram demonstrating 
early filling of the renal vein (arrow) due to an arteriovenous 
fistula. c, Postoperative angiogram confirming occlusion of 
the posterior segmental artery (arrow). The arteriovenous 
fistula is no longer present. 


haematuria of moderate severity, a flank mass 
increasing in size or evidence of a falling haematocrit, 
despite adequate blood replacement. Urinary extra- 
vasation per se is not associated with serious sequelae 
(Chavnick and Newman, 1960; Nation and Massey, 
1968), and in the absence of suspected infective 
complications was not considered as an indication for 
exploration. In 13 of the 14 patients the initial 
management of the renal injury was conservative. 
One patient with exsanguinating internal haemorrhage 
following a gunshot wound was submitted to emer- 
gency surgery with exploration of the renal fossa. 
Four patients required laparotomy for associated 
jejunal and colonic perforations but the kidneys were 
not explored. Failure of conservative management of 
the renal injury in 13 patients necessitated operative 
intervention to perform segmental dearterialization 
12 hours to 32 days after the original injury. Most of 
the patients were subjected to operation within 1 
week of injury (Table I). 

A standard approach to the kidney through the bed 
of the twelfth rib was used in 13 patients; one patient 
was explored through a midline laparotomy incision 
with prior control of the renal vascular pedicle as 
advocated by Scott et al. (1969). Following identifica- 
tion of the main renal artery, the bleeding segmental 
artery was identified and occluded by either a non- 
absorbable ligature or a haemostatic clip. No attempt 
was made to suture the damaged kidney and only 
separated fragments of renal tissue were removed. 
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Fig. 4. Case 8. a, Renal tomogram showing a right upper pole mass. b, Angiogram confirming the presence of a false 
aneurysm arising from the upper segmental artery. c, Postoperative angiogram showing occlusion of the upper pole artery 
(arrow). The false aneurysm no longer opacifies. d, Intravenous pyelogram 18 months after injury. The haemostatic clip is 


clearly visible (arrow). 


Table I summarizes the important clinical features 
of all the patients. Three case histories are presented 
in full to illustrate various clinical presentations. 


Case reports 

Case 7: A male aged 23 years was admitted with haematuria 
due to a stab wound of the right loin. Following resuscitation 
he was referred for an emergency intravenous pyelogram and 
renal angiogram. The pyelogram did not reveal any abnormality 
(Fig. 3a). Selective right renal angiography demonstrated early 
filling of the right renal vein consistent with an arteriovenous 
fistula. A small traumatic pseudo-aneurysm was evident arising 
from the right posterior segmental artery (Fig. 3b). 


The patient was treated conservatively, but continued to 
have haematuria associated with loin pain, clot colic and an 
audible juxta-umbilical bruit. Because of persistent bleeding, 
requiring 7 units of blood as replacement, his right kidney was 
explored on the sixth day after injury. Following preliminary 
control of the main renal artery the posterior segmental artery 
was identified in the renal hilum. Temporary occlusion of this 
vessel caused disappearance of the bruit. The posterior 
segmental artery was ligated in continuity with 1/0 silk. No 
attempt was made to suture the renal parenchyma. The 
haematuria ceased, and postoperative renal angiography 
confirmed ligation of the posterior segmental artery (Fig. 3c). 
The postoperative course was uneventful and no hypertension 
was evident during the follow-up period of 18 months. 
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Fig. 5. Case 14. a, Emergency intravenous pyelogram showing a clot-filled bladder. b, Angiogram demonstrating false 
aneurysms arising from the posterior segmental artery. c, Nephrogram revealing parenchymal laceration and poor lower pole 
perfusion. d, Postoperative renal angiogram confirming the ligation of the posterior segmental artery. The false aneurysms 
are no longer visible. 


* 


64 I, B. Angorn 
¢ 


Case 8: A male aged 41 years was admitted with haematuria 
due to a stab wound in the right flank. Resuscitative measures 
were instituted and emergency radiological investigation 
carried out. An infusion pyelogram combined with tomography 
revealed a large mass occupying the upper pole of the right 
kidney (Fig. 4a). Subsequent selective renal angiography 
confirmed the presence of a large intrarenal false aneurysm 
arising from the right upper segmental artery (Fig. 4b). 

The initial management of the renal injury was conservative, 

but because of continuing severe haematuria the right kidney 
was explored 24 hours after admission. The right upper 
segmental artery was identified in the renal hilum and occluded 
with a haemostatic clip. The haematuria was immediately 
controlled. The postoperative course was uncomplicated. No 
elevation in the plasma renin occurred and renal angiography 
prior to discharge revealed occlusion of the right upper 
segmental artery with a perfusion defect in the upper pole. The 
false aneurysm no longer opacified (Fig. 4c). No hypertension 
developed during a follow-up period of 18 months, and an 
intravenous pyelogram confirmed excellent function in the 
right kidney (Fig. 4d). 
Case 14: A male aged 31 years was admitted with haematuria 
following a gunshot wound of the right kidney. There were 
no other visceral injuries present. An emergency excretory 
urogram demonstrated a large bladder clot, but gave no 
indication of the extent of renal injury (Fig. 5a). Subsequent 
renal angiography revealed a single large and two smaller 
intrarenal false aneurysms arising from the right posterior 
segmental artery (Fig. 5b). The nephrogram phase revealed a 
parenchymal laceration and poor perfusion of the lower pole 
of the kidney (Fig. 5c). 

The initial management was conservative, but because of 
continuous bleeding the right kidney was explored on the third 
day after admission. The right posterior segmental artery was 
identified in the renal hitum behind the pelvis and ligated in 
continuity with 1/0 silk. Obvious separated fragments of renal 
tissue were removed, but no formal débridement was carried 
out. Haemostasis was immediate. The postoperative course 
was uneventful. No elevation in plasma renin was detected on 
the second or fourteenth postoperative day. Selective renal 
angiography prior to discharge confirmed occlusion of the 
posterior segmental artery with non-opacification of the false 
aneurysms (Fig. 5d). The patient was normotensive 2 years 
after injury. 


Results 

In 12 of the 14 patients segmental dearterialization 
produced renal haemostasis and immediate improve- 
ment in the haemodynamic status. Early in the series 
the site of bleeding as shown on renal angiography 
was misinterpreted in 2 patients. In one patient 
ligation of a second segmental artery produced 
haemostasis, while the other was treated by nephrec- 
tomy for massive haemorrhage. The supine plasma 
renin level in one patient who developed an expanding 
flank mass, hypertension and recurrent haematuria 
was raised to 65 ng/ml when estimated on the second 
postoperative day. This reverted to a normal level of 
1:4 ng/ml on the fourteenth postoperative day. Plasma 
renin levels in all the other patients estimated on the 
second and fourteenth postoperative days were 
within normal limits. Flank pain easily controlled by 
analgesics was present in most patients for 1-3 days 
following segmental dearterialization. Mild fever (up 
to 39 °C) was common during this period. There were 
no detectable renal complications referable to the 
ligation procedure. No patient developed hyper- 
tension during the follow-up period of 9-24 months. 
There were no deaths (Table I). 


Discussion 


The rational management of acute renal trauma, e 


whether conservative or by operation, necessitates 
accurate evaluation of the extent of injury. Signifi- 
cant haematuria may be absent in 15 per cent of cases 
(Banowsky et al., 1970), and a normal excretory 
urogram does not exclude critical injury, especially in 
penetrating trauma (Scott et al., 1969). Freeark (1969) 
has shown that emergency angiography can be 
accomplished with a minimum of untoward complica- 
tions, even in the presence of multiple injuries. 
Selective renal angiography provides unsurpassed 
diagnostic accuracy in assessing the extent of vascular 
and parenchymal damage (Olsson and Lunderquist, 
1963) and can be invaluable in the planning of treat- 
ment. For the assessment of penetrating renal injury, 
arteriography is a sine qua non and was undertaken as 
an emergency procedure in 13 of the 14 patients 
reviewed. Selective angiography has been performed 
in more than 90 per cent of all our patients with 
penetrating renal injury, and this is the experience of 
other proponents of this investigation (Lang, 1975). 

Severe haemorrhage, immediate or delayed, remains 
the most common cause of death in renal injuries, and 
constitutes the only definite indication for exploration 
of an injured kidney (Lucey et al., 1972). Knowledge 
of the segmental pattern of renal branch artery 
distribution as well as awareness that the branches are 
end-arteries can be applied to the treatment of haemor- 
rhage due to low velocity penetrating trauma. In this 
type of injury, parenchymal damage is not extensive, 
and the major problem is renal haemorrhage. 

Reported series indicate that exsanguinating or 
refractory renal haemorrhage has necessitated partial 
or total nephrectomy in 30 per cent of patients 
(Tynberg et al., 1973; Lang, 1975). Maximum con- 
servation of renal parenchyma and preservation of 
normal renal function is mandatory in the treatment 
of renal injury. This aim can more readily be achieved 
by segmental renal arterial occlusion. Non-operative 
techniques employing embolic occlusion have been 
sporadically successful, but technical difficulties pre- 
clude their general application. A policy of segmental 
dearterialization by open operation has successfully 
controlled renal haemorrhage in 13 out of 14 patients, 
with maximum preservation of functioning renal tissue. 
No significant propagation of thrombus proximal to 
the site of occlusion has been detected. Postoperative 
morbidity has been minimal and no patient has 
developed hypertension during the follow-up period 
of 9-24 months. 

In the absence of continuing or life-threatening 
haemorrhage renal exploration is avoided, but 
patients are carefully monitored for fever, increasing 
flank mass, haematuria, shock and a falling haemato- 
crit. Delay in exploration is rarely harmful, and may 
have been beneficial in the overall management and 
recovery of a patient with multiple injuries (Morrow 
and Mendez, 1970; Tynberg et al., 1973). The 
incidence of associated organ injuries (33 per cent) in 


this report is lower than in other series (Scott et al., 
1966), but when present were treated on their merits. 


Conclusion 

Renal haemorrhage due to low velocity penetrating 
injury can be effectively and simply controlled by 
segmental dearterialization. The procedure has been 
made possible by the diagnostic accuracy of selective 
renal artery angiography. 
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The effects of prolonged hepatic ischaemia before 
70 per cent partial hepatectomy in the dog 


R.J. MACKENZIE, C, M. FURNIVAL, C. B. WOOD, MAUREEN A. OKEANE 


AND L. H. BLUMGART* 


SUMMARY 

The effect of prolonged normothermic ischaemia before 
partial hepatectomy was assessed in 10 dogs. During 
the period of ischaemia, portal decompression was 
maintained. 

The survival rate for animals undergoing 75 minutes 
of total liver ischaemia was 60 per cent, and 2 of the 
dogs died as a result of hypoglycaemia. High levels of 
alkaline phosphatase and transaminases in the survivors 
indicated a severe degree of hepatocyte damage. How- 
ever, complete restoration of liver mass was noted 6 
weeks after partial hepatectomy and was not impaired 
by the prolonged ischaemia. 

This study confirms the resistance of the dog liver to 
ischaemia before partial hepatectomy. The critical 
period beyond which ischaemia is followed by an 
increasing number of deaths and severe metabolic upset 
is in the region of 1 hour. 


PARTIAL hepatectomy in man is known to result in 
disordered liver function, indicated by abnormal bio- 
chemical tests and impaired synthesis of coagulation 
factors (Vajrabukka et al., 1975). In patients who 
undergo partial hepatectomy for major hepatic 
trauma, prolonged hypotension probably contributes 
to diminished liver function, and observations which 
we have made in the dog confirmed that the impair- 
ment of hepatic function is increased when partial 
hepatectomy is preceded by periods of total ischaemia 
of the liver remnant of up to 1 hour (Mackenzie et al., 
1975), Ischaemia of this duration does not appear to 
influence mortality after operation or to impair the 
restoration of liver mass measured by liver weight 6 
weeks after operation, provided that portal decom- 
pression is employed throughout the operative 
procedure, but it is possible that a critical time exists 
beyond which ischaemia itself will produce more 
severe liver damage, resulting in increased mortality. 

In the present study the effect of 75 minutes’ 
ischaemia immediately before 70 per cent hepatectomy 
in a group of dogs is reported in terms of the bio- 
chemical tests of liver function. A detailed account of 
the effect of this duration of ischaemia upon coagula- 
tion mechanisms will be published elsewhere (Furnival 
et al., 1976), 


Materials and methods 
Under general anaesthesia partial hepatectomy was 
performed on 10 dogs weighing 19-30 kg (mean 


24-2 kg). Details of the preparation and method of 
partial hepatectomy in which 70+5 per cent of the 
liver substance was removed have previously been 
described (Mackenzie et al., 1975). In each animal the 
liver remnant comprising the caudate and right lateral 
lobes was rendered ischaemic by total occlusion of the 
vascular inflow to the remnant for 75 minutes 
immediately before hepatectomy. 

Total vascular occlusion was tested by an isotope 
clearance method in which Xe (3 ul; 10 uCi/ml) was 
injected into the substance of the remnant with a 
scintillation counter (Rank Precision Industries, Type 
P1062) placed over the injection site; during the 
period of occlusion portal decompression was main- 
tained by allowing the portal venous blood to drain 
freely through the lobes of the liver subsequently 
excised. 

During the operation and in the immediate post- 
operative period infusions of 0-9 per cent saline 
solution were given intravenously to replace blood 
loss and to maintain fluid balance. 

In each surviving animal the serum bilirubin, alkaline 
phosphatase, alanine aminotransferase (SGPT) 
aspartate aminotransferase (SGOT), total protein, 
albumin and bromsulphthalein (BSP) retention were 
measured daily in the first week after operation and at 
weekly intervals up to 6 weeks. In the immediate post- 
operative phase blood glucose was measured at the end 
of the operative procedure, 4-6 hours after operation 
and 24 hours after operation. Six weeks after opera- 
tion each animal was sacrificed and the liver remnant 
removed and weighed. Restoration of liver mass was 
estimated as previously described (Mackenzie et al., 
1975). 


Results 

Of the 10 dogs in this study, 6 survived until sacrifice 
6 weeks after operation. The operative procedure was 
successful in every case and no death could be 
attributed to technical error. During operation the 
systemic arterial blood pressure ranged from 100/115 
to 80/55 mm Hg (mean 126/84 mm Hg) and no signi- 
ficant hypotension occurred when inflow occlusion of 
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the liver remnant was released. Portal blood pressure 
remained in the range 3-19cm H,O (mean 10 
cm H,O) before occlusion, rising by 1-8 cm H,O 
after completion of the liver section, a mean increase 
of 3cm H,O. Congestion of the small bowel did not 
occur during vascular occlusion of the caudate and 
right lateral lobes, nor was congestion of these lobes 
a feature after release of the inflow occlusion. 

The animals who survived the procedure were am- 
bulant and drinking on the day after operation, 
and subsequently resumed a full diet and maintained 
their weight. The only overt abnormality noted in the 
surviving animals was obstructive jaundice which 
became apparent in one dog 2 weeks after operation; 
this persisted until sacrifice, and post-mortem showed 
an abscess around the extrahepatic bile ducts with 
definite evidence of compression. 
>- Of the 4 dogs who died in the immediate post- 

operative period, 2 regained consciousness after opera- 

tion but suffered fatal postoperative haemorrhage as 
a result of gross coagulation defects. Neither of these 
animals showed severe hypoglycaemia. However, in 
the remaining 2 animals profound hypoglycaemia did 
occur, the plasma glucose falling to 0-1 mmol/! 
immediately before death on the first postoperative 
day in one dog; in the other dog hypoglycaemia of 
0-5 mmol/l was corrected by intravenous glucose 
infusion, but in spite of this intervention death 
occurred on the second postoperative day. 

In the 6 surviving animals the blood glucose was 
reduced to a mean value of 27 mmol/l (range 1:3- 
3-7 mmol/l) on the first postoperative day, but no 
severe hypoglycaemia occurred. 

The serum bilirubin in the surviving animals 
showed little change following hepatectomy, the 
highest value, which occurred on the first or second 
postoperative day (mean 17 umol/l, range 7-5—-21-6 
zmol/D, being just above the upper limit of normal. 
Only in the dog with obstructive jaundice was there 
any subsequent increase in the serum bilirubin. 

In contrast to the bilirubin, the serum alkaline 
phosphatase rose progressively in the first 10 days 
after hepatectomy from a mean control value of 16 u./I 
(range 12-20u./D to 327u./l on the ninth post- 
operative day (range 61-547 u./l) (Fig. 1). From this 
peak value the mean levels showed a decline towards 
normal but normal values were not reached within 6 
weeks of operation (mean 131 u./l, s.d. + 103, range 
35-322 u./I). 

Both SGOT and SGPT showed large increases in 
the immediate postoperative period, peak values 
occurring on the first postoperative day and there- 
after declining rapidly during the first week and more 
slowly during the remaining period of survival. The 
SGPT rose from a mean preoperative value of 15 
mu/ml (range 9-24 mu/ml) to a peak of 1383 mu/ml 
(range 224-2242 mu/ml); by the end of the sixth week 
the SGPT remained slightly elevated although near to 
the upper limit of normal (mean 95 mu/ml; range 
35-136 mu/ml) (Fig. 2). The parallel change in SGOT 
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Fig. i. Serum alkaline phosphatase levels after 75 minutes’ 
ischaemia and partial hepatectomy in 6 dogs. 
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Fig. 2. SGPT levels after 75 minutes’ ischaemia and partial 
hepatectomy in 6 dogs. 


showed an increase from 9 mu/ml before operation 
(range 7-11 mu/ml) to 911 mu/ml (range 246-1300 
my/ml) on the first postoperative day, and by the third 
postoperative week had returned to a normal value 
(mean 36 mu/mi, range 17-57 mu/ml), which was 
maintained throughout the period of survival (Fig. 3). 

The total protein fell rapidly during the first week 
from 82 g/l (range 80-88 g/l) before operation to 
61 g/l (range 40-73 g/l) on the sixth postoperative day 
(Fig. 4); thereafter the total protein returned towards 
normal values which were reached shortly before 
sacrifice (mean 81 g/l, range 78-85 g/l). This reduction 
in total protein largely reflected a change in plasma 
albumin which fell from 41 g/l (range 34-54 g/l) 
before operation to 31 g/l (range 26-34 g/l) on the 
sixth postoperative day; after the initial fall the 
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Fig. 3. SGOT levels after 75 minutes’ ischaemia and 
partial hepatectomy in 6 dogs. 
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Fig. 4. Serum total protein and albumin levels after 75 
minutes’ ischaemia and partial hepatectomy in 6 dogs. 


albumin level rose progressively to reach a final value 
at 6 weeks which exceeded the preoperative control 
level (mean 47 g/l, range 38-59 gji). 
Bromsulphthalein retention measured on the 
second postoperative day showed considerable scatter 
but was markedly elevated in all the animals (mean 
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Fig. 5. Bromsulphthalein retention after 75 minutes’ 

ischaemia and partial hepatectomy in 6 dogs. 


55 per cent retention at 30 minutes, range 24-88 per 
cent), and in every case showed a return towards 
normal values during the subsequent period (Fig. 5). 
However, whereas retention of less than 10 per cent 
persisted in 3 dogs during the last 2 weeks of survival, 
a sudden increase during the last week in the other 3 
animals from a retention of less than 10 per cent to a 
mean of 24 per cent (range 21-26 per cent) occurred. 

Finally, restoration of liver mass estimated from 
liver weight at the time of sacrifice appeared to have 
progressed normally in all the surviving animals, 
giving a mean value of 98 per cent (range 91~122 per 
cent) at 6 weeks. 


Discussion 

In a previous report we have shown that the dog liver 
is remarkably insensitive to short periods of normo- 
thermic ischaemia provided that portal decom- 
pression is maintained during the period of vascular 
occlusion (Mackenzie et al., 1975). Nevertheless it was 
suggested that the critical period beyond which much 
more severe biochemical changes in liver function and 
major coagulation disorders would appear might be 
in the region of 1 hour. This suggestion is supported 
by the present study which shows in the first instance 
a lower survival rate (60 per cent) after 75 minutes’ 
ischaemia than that of 88 per cent previously reported 
after 30-60 minutes’ ischaemia (Mackenzie et al, 
1975). Severe impairment of liver function resulting 
in either hypoglycaemia or major coagulation 
disorders was the principal cause of death after this 
prolonged period of ischaemia. 

Specific evidence of impaired liver function was 
provided by the high levels of alkaline phosphatase 
and the large increases in SGOT and SGPT, indicating 
a severe degree of injury to the hepatocytes. The rapid 
return of SGOT and SGPT to normal values suggests 
that this injury was an acute effect of the ischaemia, 
and maintenance of near normal values throughout 
the latter weeks of survival appears to discount any 
subsequent liver damage, for example, as a result of 


inadequate blood supply, during the period of 
regeneration. 

The change in total protein, due essentially to a 
reduction in albumin, is an index of the synthetic 
function of the liver, and in this respect does not differ 
significantly from that in animals subjected to a 
shorter period of ischaemia. 

The extent of the restoration of the liver mass 6 
weeks after partial hepatectomy indicates that this 
function was not impaired by prolonged ischaemia. 
Although the mean value (98 per cent) was slightly 
greater than that previously recorded after 30-60 
minutes’ ischaemia (83 per cent) the difference is not 
significant. However, it is interesting that this 
phenomenon was apparently unaffected by ischaemia, 
since regenerative hyperplasia begins within hours of 
partial hepatectomy, i.e. at a time when the liver was 
showing signs of ischaemic damage, indicated by 
elevated serum enzymes. It is possible that regenera- 
tion was initially delayed, but no measurement of 
regeneration was made in this preparation and only 
the end result, namely the restoration of liver mass, 
is known. 

In relation to the period of ischaemia tolerated by 
the liver, an important feature of the preparation Is 
that the liver was normothermic throughout the 
period of vascular occlusion. There is little doubt that 
rapid cooling of the liver and vascular perfusion with 
an appropriate electrolyte solution would extend the 
period of resistance to ischaemia. Therefore, the 
conditions of the present study simulate ‘warm 
ischaemia time’ such as is encountered in the course 
of removal of the organ for transplantation. 

This study of the tolerance of the liver to ischaemia 
has considerable clinical relevance in a number of 
other situations, In particular following severe liver 
trauma, for which extensive resection may be required, 
there is frequently a period of hypotension and hypo- 
perfusion resulting in a relative liver ischaemia. This 
may be further aggravated by temporary clamping of 
the portal vessels in order to control haemorrhage. 
Important differences do exist between the situation 
in this study and that of prolonged hypoperfusion 
associated with major hepatic injury, but the pre- 
paration used establishes the effect of ischaemia per se 
upon the liver remnant. Any other component 
obtaining during the shock phase following injury (e.g. 
changes in the constitution of portal venous blood) 
can be regarded as additional to ischaemia itself and 
would require further study. Furthermore, our results 
are relevant to the method of asanguineous controlled 
perfusion of the liver during hepatic resection described 
by Fortner et al. (1974), since the future development 
of this technique depends on a knowledge of the 
specific effects of ischaemia on liver tissue. 

An essential component of the present preparation 
is portal decompression, since it is well established 
that intestinal congestion and irreversible shock 
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occur in dogs after similar periods of portal occlusion 
(Rafucci and Wangensteen, 1951). However, if portal 
decompression is established by artificial portal- 
systemic shunting, survival seems to be related to the 
adequacy of the bypass (Battersby et al., 1974), and 
many animals exhibit a period of shock character- 
ized by bradycardia and congestion of the liver after 
the occlusion is released (Jolly and Foster, 1963); this 
effect, which also includes a metabolic acidosis and 
may be due in part to hepatic vein constriction 
(Walker et al., 1960; Moreno et al., 1962), did not 
occur in our preparation, and it seems probable that 
portal decompression by unimpeded flow through 
lobes of healthy liver which were subsequently resected — 
protected the animal from these effects. 
In conclusion, the present study confirms the 
remarkable resistance of the dog liver to ischaemia — 
before partial hepatectomy, but it appears that the 
critical period beyond which an increasing number of 
postoperative deaths may be expected is in the region 
of 1 hour. 





References 

BATTERSBY C., HICKMAN R., SAUNDERS S. J. et al. (1974) 
Liver function in the pig: 1. The effects of 30 
minutes’ normothermic ischaemia. Br. J. Surg. 
61, 27-32. 

FORTNER J. G., SHIU M. H., KINNE T. w, et al. (1974) 
Major hepatic resection using vascular isolation 
and hypothermic perfusion. Arch. Surg. 180, 
644-652. 

FURNIVAL C. M., MACKENZIE R. J., MACDONALD G. A, 
et al. (1976) The mechanism of impaired coagula- 
tion after 70 per cent partial hepatectomy in the 
dog. Surg. Gynecol. Obstet. 143, 81-86. 

JOLLY P. C. and FOSTER J. H. (1963) Hepatic inflow 
studies. Surgery 54, 45-55. 

MACKENZIE R. J., FURNIVAL C. M., O’KEANE M. A. et al. 
(1975) The effect of hepatic ischaemia on liver 
function and the restoration of liver mass after 
70 per cent hepatectomy in the dog. Br. J. Surg. 
62, 431-437. 

MORENO A. H., ROUSSELOT L. M., BURCHELL A. R. et al. 
(1962) Studies on the outflow tract of the liver. 
H. On the outflow tract of the canine liver with 
particular reference to its regulation by the 
hepatic vein sphincter mechanism. Ann. Surg. 
155, 427-433. 

RAFUCCI F. L. and WANGENSTEEN O. H. (1951) Tolerance 
of dogs to occlusion of entire afferent vascular 
inflow to the liver. Surg. Forum 1, 191. 

VAJRABUKKA T., BLOOM A. L., SUSSMAN M. et al. (1975) 
Postoperative problems and management after 
hepatic resection for blunt injury to the liver. Br. 
J. Surg. 62, 189-200. 

WALKER W. F., MACDONALD J. S. and PICKARD C. 
(1960) Hepatic vein sphincter mechanism in the 
dog. Br. J. Surg. 48, 218-220. 


Br. J. Surg. Vol. 64 (1977) 70-73 


Foramen magnum impaction in a case of acro-osteolysis 


BERNARD WILLIAMS* 


SUMMARY 

A case of a rare, non-familial, generalized, congenital, 
osseous dysplasia is described with features which have 
previously been described under the name ‘acro- 
osteolysis’. Basilar invagination followed defective bone 
formation in the skull and this produced occipital head- 
ache and progressive neurological deterioration with 
involvement of the lower cranial nerves and cerebellar 
function. Hydrocephalus and valvular impaction of the 
cerebellum in the foramen magnum were demonstrated. 
Partial relief was obtained by foramen magnum decom- 
pression; death supervened from infection and respira- 
tory inadequacy at the age of 20. 


Case report 

A male infant weighing 2-84 kg was born after a normal 
pregnancy in 1953 at full term by normal delivery. He had 2 
normal sisters and there was no adverse family history. He 
seemed weak but breathed normally at birth. 

The patient was first seen in hospital at 1 year because of 
repeated upper respiratory tract infection. The head circum- 
ference and testes were normal. He was listless, the eyes were 
slanting, the nose flat and the upper lip long, the palate was 
arched and there was difficulty in feeding. The hands were 
large and spade-shaped and the feet were inverted (Fig. 1). He 
was late in sitting and standing but walked at the age of 18 
months. 

In 1960 (aged 7) deafness was noted for the first time and he 
also suffered recurrent inflammation of the nose and ears and 
frequent tonsillitis. He was mentally normal with a normal 
vocabulary, but his speech was indistinct. 

Investigations at various times were always normal in 
respect of lipids, mucopolysaccharides, ketosteroids and 
thyroid and pituitary function, although he frequently had a 
high ESR in conjunction with repeated attacks of upper 
respiratory tract and conjunctival infection. 

By 1964 (aged 11) he had red-rimmed eyes with a leash of 
vessels running through a boggy conjunctiva to the limbus in 
the temporal side of the eyes. A gruff voice and difficulty in 
breathing were noted. There was conductive deafness of both 
sides, and glairy fluid was released from the left side by 
myringotomy. This did not improve the hearing. 

In 1967 (aged 14) he had intermittent sore throats, earache 
and for the first time complained of pain in the back of the 
neck. 

In 1971 (aged 18) he complained of difficulty with balance, 
staggering, dizziness and blurring of vision of 3 years’ duration 
which had been getting worse for 6 months. He could no 
longer ride his bicycle. Neck pain which had been present 
previously had worsened; it occurred mainly in the mornings 
and wore off through the day. There were no symptoms of 
dysphagia, weakness, paraesthesia, sensory loss, sphincter 
disturbance or tremor. He did not have frontal headaches and 
there was no disturbance of appetite. He was wheezy with a 
moist cough, aggravated by smoking. 

On examination the patient had short, stubby fingers and a 
short neck, a big head and a protruding occiput. The back was 
straight, the chest narrow and there was bilateral genu valgum. 
He was dyspnoeic at rest, and the blood pressure was 135/60 
mm Hg. Neurological examination showed a normal intellect, 
marked nystagmus and normal pupillary reactions and fundi. 
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Fig. 2. Chest X-ray at the age of 18. 


The palate was paralysed and insensitive and the back of the 
pharynx was anaesthetic. His cough was sharp and the vocal 
cords could be opposed but the voice was deep and croaking. 
There was cerebellar incoordination of the arms and legs with 
a wide-based gait. Gross over-action of the tendon jerks was 
present in all limbs with extensor plantars but the tone was not 
raised. 


*The Midland Centre for Neurosurgery and Neurology, 
Smethwick, West Midlands. 





Fig. 3. Lateral X-ray of the lumbar spine showing ‘fish 
vertebrae’, variable width of the bodies, defective secondary 
ossification centres and generalized lack of bone density. 





Fig. 4. X-rays of the hands showing digital bone loss. 


Radiography showed the following features. There was 
generalized loss of bone density. The chest X-ray (Fig. 2) 
showed a narrow rib cage, the ribs all sloping down excessively. 
The clavicles, lung parenchyma and heart outline were normal. 
There were multiple malformed and mal-erupted teeth. There 
was increased concavity of the upper and lower vertebral 
margins (fish vertebrae) with defective fusion of some secondary 
ossification centres (Fig. 3). The fingers and toes were normal 
with the exception of the terminal phalanges, all of which 
showed absorption of bone so that in the most affected only a 
few millimetres of bone were present beyond a normal joint 
(Fig. 4). Skull X-rays (Figs. 5, 6) showed defects of ossification 
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Fig. 5. Lateral X-ray of the skull shows wide sutures with 
multiple wormian bones and gross basilar invagination plus 
multiple unerupted and malpositioned teeth. 





Fig. 6. Anteroposterior X-ray of the skull. 


of membrane bones. They were incompletely calcified at their 
edges so that the sutures averaged about 1 cm in width. There 
were a number of wormian bones in the parieto-temporal and 
parieto-occipital sutures. The basal angle was unmeasurable. 
The foramen magnum was upturned and the occiput pro- 
truded backwards, producing severe basilar invagination; a 
line from the posterior point of the hard palate to the lowest 
point of the occiput passed 3 cm below the apex of the odontoid 
peg. On the frontal view the temporal bones bulged laterally 
as if a soft skull was collapsing over the cervical spine. 
Ventriculography showed marked hydrocephalus. A trephine 
was used on the right side and a disc of bone including part of 
the coronal suture was sent for biopsy. The fluid from the 
ventricle was clear and was not under raised pressure. A brain 
biopsy showed normal cortex and white matter as studied by 
methods for mucopolysaccharides and lipids, and myelin and a 
silver stain. There was slight meningeal fibrosis. The skull 
biopsy showed bone of mature lamellar type but also contained 
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some irregular woven bone, both in the transitional region 
between bone and fibrous tissue on the periosteal surfaces 
and also in the medullary cavity. In the transitional zone there 
were irregularly arranged collagen bundles buried in bone in an 
unossified state and there were also areas where the irregular 
collagen had ossified and fused to lamellar bone. Mucopoly- 
saccharide stains showed normal amounts of intracellular 
polysaccharide in the zone of ossification of fibrous tissue and 
also in some of the fibrous tissue matrix. The intra-trabecular 
tissue was poorly cellular and no granules were found in the 
haematopoietic cells. 

Combined ventricular and lumbar electromanometric 
studies were carried out with the patient seated, and initial 
pressures were found to be normal and equal at the two sites. 
Queckenstedt’s test did not produce any rise in CSF pressure. 
Coughing and straining produced a transient ventriculospinal 
pressure dissociation, that is, a valvular action at the foramen 
magnum lowering the intraspinal pressure below the intra- 
cranial pressure. 

Posterior fossa decompression was carried out on 8 
September 1971. The exposure proved difficult because of the 
unusual texture of the bone to which the muscle was abnor- 
maily adherent; the superficial parts of the bone tended to 
come off together with periosteum, leaving the surface rough 
and bleeding. The occipital bone was thick, soft, vascular and 
homogeneous. The hindbrain was exposed with difficulty 
because of large venous sinuses in the dura. A cerebellar ectopia 
protruded 2 cm into the spinal canal. There was mild arach- 
noiditis; no syringomyelia could be found. The lower cranial 
nerves were not exposed and the foramen magnum of Magendie 
was not opened. Closure was effected, leaving the dura widely 
open. 

Postoperatively there was transitory dyspnoea, dysphagia 
and neck retraction. Within 2 weeks the patient was walking 
better than before operation and his swallowing had improved. 
Combined lumbar and ventricular electromanometric studies 
were repeated. The initial pressure was 500 mm CSF above the 
manubriosternal joint. Queckenstedt’s test produced a weakly 
positive response in both the head and spine, and no ventriculo- 
spinal pressure dissociation was demonstrated. The patient con- 
tinued to recover welland was discharged 3 weeks after operation. 

After discharge the patient maintained his improvement, and 
he was able to lead a normal social life. The voice remained 
deep and croaky but his dyspnoea was improved. He did not 
show further deterioration until October 1973, when he con- 
tracted an intercurrent infection and died of pneumonia at 
home. Post-mortem examination was not carried out. 


Discussion 

This patient shows clinical features similar to those 
described by Hajdu and Kauntze (1948) as ‘cranio- 
skeletal dysplasia’. Their 37-year-old male patient 
complained of blurring vision, deafness, upper 
respiratory tract infections and loose teeth and was 
incapacitated by occipital headache. This pain was 
worse when he was standing and was aggravated by 
coughing and exertion. He had skeletal changes very 
like those of the present case, with conduction deafness, 
bilateral sixth nerve palsies and nystagmus. 

The term ‘acro-osteolysis’ was used by Harnasch 
(1970) for a similar case and also for a familial form 
which was described by Cheyney (1965). A rather 
more severe illness was described by Marus (1954), 
with distorted fingers, plantar ulcers and sensory 
disturbances. Other cases have been described by 
Partsch (1970), who used the term ‘familial acro- 
osteolysis’ to describe changes which arose apparently 
from a hereditary sensory neuropathy similar to that 
described by Denny-Brown (1951). Their cases are 


probably examples of Thévenard’s syndrome, which 
Spillane and Wells (1969) and Banna and Foster (1972) 
prefered to call ‘acrodystrophic neuropathy’. Spillane 
and Wells reviewed the literature fully up to 1969 and 
illustrated the confusion which had existed when 
the terms ‘lumbosacral syringomyelia’ or ‘familial 
syringomyelia’ and concepts of myelodysplasia were 
applied to such cases. It is of interest that in a case 
such as that described here the common form of 
communicating syringomyelia could develop. 

Confusion over terminology must persist so long as 
authors such as Shaw (1969) use the term ‘acro-osteo- 
lysis’ as a description of digital bone loss and also as 
the name of a disease or syndrome. Shaw’s case was a 
25-year-old woman who had similar features to the 
present case but was more severely affected, with 
bilateral club feet at birth, a chalky discharge from the 
fingers, multiple fractures and disorganization of 
the carpus and tarsus. Shaw pointed out that digital 
bone loss may be due to ‘scleroderma, syringomyelia, 
psoriasis, leprosy, etc.” but regarded his case as 
showing the ‘full syndrome’. The present case clearly 
belongs to the group of sporadic non-familial cases 
such as have been described by Greenberg and Street 
(1957) and Papavasiliou et al. (1960). All the case 
reports show differences, however, many of which 
seem to be significant. There must be some doubt 
whether the use of the term ‘acro-osteolysis’ as is 
done by Allen and Young (1971) with the implication 
that it is a definable disease is justifiable, particularly 
since the term has also been recently used to describe 
toxic effects of PVC polymer (Harris and Adams, 
1967; Murray and Jacobson, 1971; Jacobs, 1973). | 

The lesion appears to be a failure in bone formation. 
Shaw (1969) emphasized the lack of bone strength. 
Cheyney (1965) suggested a failure of collagen to be 
converted into the mature form and a progressive 
deterioration of mesenchymal elements. He thought 
that a vascular basis was probable, although there is 
no published evidence to support this belief and there 
is no evidence of such a process in the present case. 
In some cases the manifestations of the disease have 
appeared to come on later in life. Greenberg and 
Street (1957) found non-specific fibrosis in their 
biopsy specimen from the tarsus, as in the skull in our 
case. Clearly more work is needed to identify the 
microscopic nature of the lesion. 

Herniation of the cerebellum in the foramen 
magnum is common with all causes of basilar in- 
vagination. No other case of acro-osteolysis with such 
severe cerebellar dysfunction has been found in the 
literature but it seems likely that such complications 
must occur. The part played by exertion in aggravating 
headache was noted by Cheyney (1965) in 2 of his 
cases and Hajdu and Kauntze (1948) noted a depen- 
dence on posture in their patient. The theoretical basis 
for exertion causing CSF to flow into the head in 
response to increased pressure brought about through 
veins in the spine and then attempting to flow back 
into the spine, aggravating the impaction of the 


cerebellar hernia, has been expanded elsewhere 
(Williams, 1971, 1974). The CSF pressure measure- 
ments taken in our case show that such a mechanism 
was present and was relieved by operation. Hydro- 
cephalus was most probably caused by compression 
of the outlets of the fourth ventricle by cerebellar 
distortion; this is likely to occur during impaction 
and to contribute to further impaction. 
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Reviews and notices of books 


Clinical Tests of Oesophageal Function 
Richard Earlam. 230 x 160 mm. Pp. 383+ xic, with 131 illus- 
trations. 1976. London: Crosby Lockwood Staples. £12. 


THERE is, perhaps, an increased interest in the pathophysiology 
of the oesophagus. With the realization that conventional 
radiology will only demonstrate the pathophysiology, it is 
important for surgeons to realize that there are other means of 
detecting functional disorders of this highly motile organ. 
Thus, in concept Mr Earlam’s book should be of some help to 
surgeons who deal with patients with oesophageal symptoms 
presenting to general surgical clinics. Though the title of the 
volume implies a limited treatise on the practical aspects of 
testing oesophageal function, the author has not confined 
himself to this area. Indeed, a criticism of the book might be 
that practical detail might not be sufficient for the uninitiated 
to attempt to perform these studies. It might also have been 
more appropriate to concentrate technical detail within one 
chapter of the book rather than scattering the details through- 
out several chapters. There is very little in this book which is 
new but the author has a very personal style of presentation and 
the book makes enjoyable reading. 

The reviewer's main criticisms are, first, that there does not 
seem to be a logical progression through the investigation of 
function and disorder to therapy and, secondly, that the author 
has chosen to include in superficial detail a short textbook of 
gastro-enterology within the covers. He might have done better 
to confine his endeavour to oesophageal function alone. 
However, it is a valid observation on the author's part that the 
function of one organ relates closely to the function of other 
systems. it seems unlikely that this book will be a major 
reference work on this subject, but it would be a useful addition 
to hospital library bookshelves and to senior registrars with an 
interest in surgical gastro-enterology. 

G. R. GILES 


Progress in Pediatric Surgery. Volume 9. Anorectal Malforma- 
tions and Associated Diseases 

Edited A. H. Bill et al. 225 x 150 mm. Pp. 154. Illustrated. 1976, 
Munich: Urban & Schwarzenberg. No price given. 


THE latest volume of Progress in Pediatric Surgery includes a 
number of papers given as a symposium in Hamburg in 
September 1974 and some others from the Department of 
Surgical Research at the Royal Children’s Hospital, Melbourne, 
Australia, and one from Budapest, Hungary. 

Three are concerned with the basis of anorectal continence, 
the factors which ensure it in the surgical treatment of anorectal 
anomalies and the treatment of incontinence. Durham Smith 
discusses the identification and management of anorectal 
anomalies and includes the 1970 international classification of 
anorectal anomalies, and he makes the point that although this 
classification has been criticized for its complexity, anorectal 
anomalies are ‘inappropriate for the occasional surgeon; they 
represent some of the most difficult therapeutic challenges 
in surgery’. This account of the basis on which he and his 
colleagues and others who accept this classification make their 
diagnoses should be of interest to any surgeon who encounters 
an anorectal anomaly in a newly born child. It should convince 
most that considerable experience is necessary for the accurate 
diagnosis of many of these anomalies on which the ultimate 
continence of the child so largely depends. 

Brent and Stephens discuss the condition of primary rectal 
ectasia in which there is hypertrophy of the wall of the rectum, 
and they emphasize once again that the use of such bowel in 
reconstruction of an associated anorectal deformity may be 


followed by the development of a large ‘terminal reservoir’ 
with overflow incontinence, and provided that this abnormality 
of the wall of the bowel can be recognized the affected area 
should be excised before the reconstruction is carried out. They 
regard ‘primary rectal ectasia’ as a better term than ‘secondary 
megarectum’. 

Piekarski and Stephens discuss the association of anomalies 
of the oesophagus and the rectum and the possible ways in 
which they may be caused and develop. Ebel shows how easily 
the radiological investigation of an anorectal malformation 
with or without a fistula may be confused by the state of 
contraction of the muscles of the pelvic floor at the time of 
examination. The factors on which anorectal continence 
depend are discussed by Holschneider, who rightly emphasizes 
that the puborectalis muscle is the most important single basis 
of continence because of its sensitivity as well as its motor 
activity, but he also considers the part which is played by the 
rectum itself, other muscles of the pelvic floor and the internal 
anal sphincter. 

Other chapters are concerned with a classification of the 
malformations which may be associated with anorectal 
anomalies, the gracilis sling operation for anorectal incontin- 
ence, the treatment of the neurogenic bladder by electrical 
stimulation and the abnormalities of faecal water content after 
Boley’s type of pull-through operation for Hirschsprung’s 
disease. 

This volume is for the specialist paediatric surgeon and others 
interested in anorectal surgery. 

A. W. WILKINSON 


The Hip. Proceedings of the Second Open Scientific Meeting of 
The Hip Society, 1974 

Edited William H. Harris, 245 x 175 mm. Pp. 338 + x. Illustrated. 
1974, London: Kimpton. £1735. 


Tus publication by the Hip Society, founded in 1968 by the 
American Academy of Orthopaedic Surgeons, is one of a series 
which will be obligatory reading by surgeons who are specially 
interested in total hip replacement and in other forms of 
artificial joint replacement. It is a pity that the price of these 
volumes is now so high, but this will make it more important 
than ever that these books should be possessed by medical 
libraries. 

The present volume ranges over more subjects than has been 
the case with the previous publications in this series and includes 
the surgical management of non-traumatic osteonecrosis of 
the hip, new developments in hemi-arthroplasty in the hip, the 
treatment of severe slipped capital femoral epiphysis, new 
techniques for the handling of hip fractures and a review of 
acetabular fractures. Total hip replacement is represented in 
only one section but this consists of four important papers: a 
study of femoral stem failures in total hip replacement; massive 
bone and joint replacement of the upper femur, acetabulum and 
hemi-pelvis; an important review of the results of the Lagrange- 
Letournel hip prosthesis in 1355 cases; reconstruction of the hip 
following segmental resection of primary bone tumours. 

The Hip Society, under the auspices of the American 
Academy of Orthopaedic Surgeons, has an international 
status, the full members being appointed by invitation, though 
the single annual meeting, coinciding with the annual meeting 
of the American Academy, is open to all members of the 
Academy. This series of volumes is likely to offer a very 
important statement of new contemporary thought in this 
field, 

JOHN CHARNLEY 


Atlas of Applied Vascular Surgery 
e Kiyoshi Inokuchi and Akira Kusaba, 295 x 210 mm. Pp. 198, 
with 301 illustrations. 1976. Tokyo: Igaku Shoin. $42. 


Proressor Inokuchi is one of the pioneers of the design of 
vascular stapling devices and much of this beautifully produced 
monograph presents technical applications of a refined stapler 
of his own design, but this is more than an atlas of vascular 
techniques. Inokuchi is an established authority on the surgery 
of portal hypertension and those interested in this subject will 
find details of ingenious procedures little known outside Japan. 
Inokuchi and Kusaba published their results of left gastric 
venous-caval shunt in 1968. The method that they now describe 
uses an interposed saphenous vein graft, joined to the divided 
left gastric vein by a stapled anastomosis and to the side of the 
inferior vena cava by suture. The intention is to decompress 
gastro-oesophageal varices with minimal lowering of the portal 
venous pressure, and analyses of the results in 100 patients 
seem remarkably good. Experience with a modified splenorenal 
and with selective splenorenal anastomosis is also described. 

Another technical innovation is anastomosis (stapled) of the 
left suprarenal vein to the inferior mesenteric vein in advanced 
breast cancer. When combined with right adrenalectomy, the 
rationale is to allow inactivation of adrenal oestrogen by the 
liver, whilst preserving endogenous corticosteroid production 
and avoiding the need for steroid replacement. This procedure 
(with bilateral oophorectomy) is reported in 90 patients, with 
results that compare well with conventional series after bilateral 
adrenalectomy. 

Among the variety of other techniques described and 
illustrated are rejoining severed arms, free jejunal transplant for 
replacement of the cervical oesophagus, gastric tube pedicles 
with and without anastomosis to the neck vessels, carotid 
reconstruction for Takayasu's arteritis and the use of arterio- 
venous anastomoses in preserving patency of vascular re- 
constructions in the presence of a poor distal run-off. 

Progress in surgery might perhaps be seen as a rather 
unpredictable game of leap-frog, in which surgical technique 
and surgical physiology alternately appear a jump ahead. This 
is a stimulating and exciting book, the delights of which are 
enhanced by the knowledge, characteristically unrevealed in 
the text, that the numerous accomplished and elegant drawings 
are the work of Dr Kusaba himself. 

MARTIN BIRNSTINGL 


Operative Urology. The Kidneys, Adrenal Glands and 
Retroperitoneum 
Edited Bruce H. Stewart, 280 x 215 mm. Pp. 361 + xii, Hlustrated. 


7/975, Baltimore: Williams & Wilkins. $39.50. 


Tris book, which is a cooperative effort of the Departments 
of Urology and Colon and Rectal Surgery at the Cleveland 
Clinic, Ohio, is a curious work and not an easy one to review. 
The subject matter has been chosen as the surgery of the 
kidneys, adrenal glands and retroperitoneum and it is unusual 
to have a book on operative surgery which confines itself on 
an anatomical rather than on a pathological basis. Having 
said this, one can go on immediately to state that it is beauti- 
fully produced with a profusion of excellent illustrations 
which are clearly drawn and will be a help to a surgeon who 
wishes to know the details of any of the operations which 
are described. 

There is an opening section on general information which 
is concerned mainly with basic anatomy and the preparation 
of patients. The X-rays which accompany this section are 
remarkably clear and well chosen. 

The next section deals with operations on the adrenal 
gland; the indications for these lie mainly in the province of 
the surgeon interested in endocrine or cancer surgery. The 
following section on operations on the kidney is very much 
the province of the urologist, while the section which deals 
with procedures in the peritoneum would be most valuable 
to the cancer surgeon or the surgeon interested in hyper- 
tension and certain vascular procedures. The main bulk of 
the work concerns itself with a variety of operations for 
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kidney conditions including calculous disease. The final sec- 
tion deals with urinary diversion above the level of the brim 
of the pelvis. 

One presumes that another volume is intended which will 
deal with operative procedures below the brim of the pelvis, 
though this is not specifically stated in the preface or any- 
where that the reviewer has been able to find. 

Turning to the actual operations and methods which are 
described, one finds a curious mixture of standard procedures 
and some very modern and up-to-date methods and here and 
there references to methods which have been relegated to the 
category of historical by most surgeons. For example, in 
describing a procedure for staghorn calculi it is surprising to 
find a recommendation to use the old so-called “bloodless 
plane’ for doing an extensive nephrotomy. This is dealt with 
at some length while the more modern and much more helpful 
method of local renal hypothermia is dismissed in one short 
paragraph. In fact, renal hypothermia does not find a place 
in the index at all. 

In the part dealing with intestinal conduits there are some 
beautiful illustrations of the use of auto-suturing instruments, 
which clearly appeal greatly to the authors but which would 
be available in very few British hospitals. 

As is so commonly the case in American textbooks, the 
references at the end of each chapter are almost exclusively 
American, there being very few references to British or conti- 
nental sources. 

This book, in the reviewer's opinion, would be useful in a 
hospital or medical school with a library designed for the 
use of registrars and those in training, but it is doubtful 
whether any established surgeon would be eager to buy it at 
the price of almost $40, 

RORERT COX 


Standard Orthopaedic Operations 
John Crawford Adams. 250x195 mm. Pp. 384, with 267 
illustrations. 1976. Edinburgh: Churchill Livingstone. £10. 


THe author of this book has an established and well-earned 
reputation for his ability to instruct and educate the young 
surgeon. His previous works on clinical orthopaedics have 
become required reading, and rightly so. This volume covers 
all the standard orthopaedic operations which a surgeon in 
training is likely to face independently. It is rare, nowadays, 
for one author to undertake the writing of an entire book of 
this type; such manuals are usually a compendium by multiple 
authors. It is an ambitious task and one in which he has 
succeeded well. 

The range of standard orthopaedic procedures is described 
with the author’s characteristic clarity. The text is brief and 
unencumbered, and the line drawings with which he has 
chosen to illustrate the main details are a model of simplicity. 
It is difficult, if not impossible, to fault this publication. If the 
reader does not get beyond the first two paragraphs of the 
introduction-—and this is highly unlikely——he will already have 
learned lessons of lasting importance to his surgical career. 
The opening sentence sets the style: ‘It is well to remember that 
the operation that the surgeon approaches as a matter of 
routine —often even casually—may, for the patient, be a major 
event of his life’, and further: “Thus it behoves a surgeon, each 
time that he operates, to put himself for a moment in the 
position of the patient’. 

This book will enjoy a long and lasting reputation and one 
may expect reprints and further editions within a comparatively 
short time. One small suggestion only for future editions: 
since each standard orthopaedic operation usually carries with 
it a particular hazard, would it not be helpful to define the 
hazard as a comment to each operation? For example, 
the operation for de Quervain’s disorder risks damage to the 
terminal branches of the radial nerve; excision of the head of 
the radius risks damage to the posterior interosseous nerve, 
etc, In view of the readership for whom the book is intended, 
such a precautionary note at the end of each operation might be 
very helpful. 

L. KESSEL 
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Applied Surgical Pathology 

Edited Angus E, Stuart, Adam N. Smith and Eric Samuel. 
245x 195 mm. Pp. 1hl2-+viti. illustrated. 1975, Oxford: 
Blackwell, £38. 


THE introduction of the radiologist as an equal partner with the 
pathologist and surgeon in a textbook of surgical pathology is a 
new idea. In this book it has been attempted by a large team of 
authors, mostly Scottish, directed by three editors from the 
Edinburgh school. On the whole the experiment has succeeded, 
high class radiology having contributed to the overall under- 
standing of the subject. This is particularly true of the chapter 
dealing with the breast, which contains several xerograms of 
superb quality. 

After a number of general chapters covering injury, wound 
healing, cancer and clotting, there is a useful chapter on 
transplantation. All organs and disciplines, including neurology, 
gynaecology and orthopaedics, are then dealt with systemati- 
cally. Much symptomatology and some operative treatment are 
included, not really enough to give a complete picture but 
enough to enlarge an already large volume. 

This is indeed a large and extremely expensive book. The cost 
would be justified if all the illustrations were of superb quality, 
but regrettably they are not. Throughout the book there are 
photomicrographs and radiographs of indifferent quality and 
one wonders why the editors did not weed them out. The 
reviewer's copy was poorly bound and received with the 
contents subluxated from the cover. 

A book of this kind should function not only as a reference 
work but also as a gateway to the literature. Some chapters, 
however, are not well endowed with references, the liver, gall- 
bladder and pancreas having only nineteen; this is scarcely 
adequate. Bones, joints and soft tissues, on the other hand, are 
allowed no less than two hundred and fifty. There seems to be a 
lack of editorial direction in this and in the fact that after some 
chapters references are given sequentially whilst in others they 
are given alphabetically. 

The book is stated to be written for ‘surgeons and those 
undergoing surgical training’. It may prove too expensive for 
the latter, particularly as there are smaller and cheaper 
alternatives which are adequate for examination purposes. It 
will undoubtedly have a place in the hospital or departmental 
library, where it will be consulted as an authoritative and up-to- 
date reference work. In spite of the criticisms, which could be 
remedied in a second edition, this is a splendid book and a 
monument to the industry of the Scots. 

TERENCE KENNEDY 


Advances in Cancer Surgery 

Edited John S. Najarian and John P. Delaney. 230 x 160 mm. 
Pp. 608 + xiv, with 17 illustrations. 1976. New York: Stratton. 
$24.75. 


THE Opening chapter in this excellent volume is a superb 
exposition by Robert Good, Director of the Memorial Sloan- 
Kettering Institute in New York, entitled ‘Progress toward the 
conquest of cancer’. This represents the text of his Judd 
lecture, delivered during a recent course in cancer surgery held 
in the University of Minnesota. 

The book consists of selected papers from the above course, 
and Good’s opening contribution emphasizes the essential 
theme of the book, namely the interface of basic sciences with 
clinical practice. Written with devastating insight and com- 
mendable clarity, Good's chapter is a model of economic 
writing. Ever optimistic in his approach, he nevertheless is 
completely practical in his evaluation of the current state of 
cancer therapy and in pointing the way to the future. His 
castigation of the ‘Jeremiahs’ for their tedious pessimism is 
fully justified on the evidence presented in his chapter. 

The remainder of the book sustains a remarkable high 
quality of authorship. Much of the text deals with non-surgical 
matters, and in this context the title of the volume is perhaps 
generous to the surgical fraternity. However, there is ample 
evidence throughout that the surgeon’s role in the management 
of cancer now goes far beyond pure operative technique. 


The earlier chapters are concerned with general aspects 
of therapy, with notable contributions by Emil Frei IH on , 
chemotherapy and Donald Morton on immunotherapy. The 
middle section of the book relates to regional oncology, with 
successive chapters on the lymphomas, head and neck tumours, 
cutaneous and soft tissue tumours, intrathoracic lesions and 
mammary cancer. The writing is vigorous, with strong surgical 
emphasis and sensible comment on the controversial issues of 
the moment, 

The later chapters revert to a more general nature, dealing 
with miscellaneous topics of particular interest to a surgical 
audience. In this section Haagensen reminds us forcefully of e 
the correct way of doing an axillary dissection. 

This is altogether a thoroughly professional book, which 
despite its title should have equal appeal to all oncologists 
actively engaged in treating cancer. The price is not excessive 
and the editors are to be congratulated on producing such a 
satisfactory volume. 

IAN BURN 


Immunologic Aspects of Anaesthetic and Surgical Practice 
Edited Alix Mathieu and Barry D. Kahan. 230 150 mm. 
Pp. 400. Hlustrated. 1975. New York: Grune & Stratton. $27.30. 


THE editors’ intentions in producing this book were, no 
doubt, to gather together aspects of immunology that are 
relevant to anaesthetic and surgical practice. The first section 
is an introduction to immunology but is very uneven in its 
coverage. For example, one can hardly imagine the need for 
the practising anaesthetist or surgeon to be familiar with 
idiotypic determinants of immunoglobulin molecules. On the 
other hand, the chapter on host defence and the altered host 
is well done and would be of value to the practising clinician. 

The second section deals with specific aspects of immunity 
that are relevant to anaesthetic and surgical practice and is 
the better of the two sections. There is a very good chapter 
on asthma and other allergic disorders, especially in relation 
to anaesthesia. 

Although this book has some good points it is unlikely to 
prove attractive to the majority of anaesthetists or surgeons 
who seek a little more information about immunology and 
its relation to their practice. On the other hand, it does not 
have much to offer the person well versed in immunology. 

PETER J. MORRIS 


Intensive Care 
John Joakim Skillman, with fifteen contributory authors, 235 x 
165 mm. Pp. 609 -+ xiv. Ilustrated. 1975. Boston: Little, Brawn. 
No price given. 


Tais book is divided into three parts. The first deals with 
aspects of intensive care, and these highlight conceptual 
differences between the United States and ourselves. The 
reviewer was surprised, for example, to find that the respiratory 
intensive care unit is a haven for any patient who has under- 
gone major surgery and that the unit has a written charter 
governed by rules and regulations drawn up by the Common- 
wealth of Massachusetts. 

The second part of the book deals in depth with the physio- 
logical disturbances associated with severe illness. Two 
chapters in this part are outstanding: the first on the physio- 
logy and management of acute respiratory failure deals with 
the principles of assisted ventilation, and the second entitled 
‘Physiological Nursing’ contains a fund of useful information 
on the care of the chest and the complications of tracheostomy. 

The third part of the book deals with specific clinical 
problems such as hypotension, bleeding, fever and coma. 
It is, however, interesting to find that in the land of the auto- 
mobile there is no specific reference or description of the 
management of the severely injured chest. 

The book as a whole is beautifully produced, excellently 
illustrated and contains after each chapter a comprehensive 
list of rerences. Such is the mass of information that a reading 
time of at least sixteen hours is required. The book should 
be on the shelves of any intensive care un it. 

F, G. SMIDDY 
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A real breakthrough 


Due to its dramatic reduction of gastric acid 
secretion ‘Tagamet’ has achieved quite remarkable 
results ın peptic ulcers and reflux oesophagitis. 

Complete healing of duodenal and gastric 
ulcers!.2.3.4 (proven endoscopically) is seen in most 
patients after 4 weeks’ treatment. 

Complete healing or marked improvement of 
reflux oesophagitis’ has frequently been obtained 
within 8 weeks. 

Early symptomatic relief is normally achieved 
in patients receiving ‘Tagamet’ treatment. 

Furthermore, ‘Tagamet’ is well tolerated with minimal 
side effects which, together with its convenient dosage, 
means "Tagamet Is well suited to everyday treatment. 

‘Tagamet™-for patients with suspected or confirmed 
benign gastnc or duodenal ulcer or reflux oesophagitis, 
and for patients in whom the reduction of acid 
secretion 1s likely to be beneficial. 


The discovery 


Until recently, one aspect of gastric physiology 
remained paradoxical-histamine was known to be a 
potent stimulant of gastnc acid, yet conventional 
antihistamines were totally inactive in this area. 
Confronted by this apparent anomaly investigators 
began to suspect that there might in fact be two types 
of receptor site for histamine-one mainly for allergic 
reactions (H,) and the second for gastnc acid 


secretion (H,). 
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In 1964, the SK& F research team set out to find anew 
class of therapeutic agent by chemical modification 
of the histamine molecule. They were seeking an agent 
capable of blocking the action of histamine at the H; 
receptor site, just as conventional antihistamines do at 
the H, site. After 12 years of extensive research, this 
search has resulted in the development of ‘Tagamet’ 
the H: receptor antagonist, with the fundamental 
property of controlling gastnc acid secretion’ 
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Shock as a complication of pancreatitis is well 
known. However, attention has recently 
focussed on the pancreas as a target organ in 
shock due to other causes.' Either situation 
leads to impaired perfusion and a chain of 
events mediated by kallikrein, which leads 
through hypoxia and release of proteolytic 
enzymes to inappropriate activation of 
coagulation, fibrinolysis and the kinin system. 


This process can be blocked by the 
administration of Trasylol, which inhibits 
kallikrein.* Trasylol has also been shown to 
prevent the production of basic polypeptides 
such as kinins and pulmonary lesion factor 
(PLF),* which are also implicated in the 
shock process. 


In a prospective double blind trial,* addition of 
Trasylol to standard therapy significantly 
reduced the mortality due to acute pancreatitis, 


and favourably altered the course of the illness. 
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From the Preface 

This book is the result of clinical, radiographic, and surgical experience 
gained in 13 years of treating 1450 cases of primary or secondary osteo- 
arthritis of the hip by intertrochanteric femoral osteotomy. 

My hypothesis is not the result of inductive, but a deductive reasoning, 
obtained from clinical and radiographic observations. 

The treatment I propose, is not new (though it has some technical alter- 
ations), nor is it an alternative to today’s widespread total hip replacement. 
It is my opinion a procedure which has a particular place in the treatment 
of secondary osteoarthritis of the hip in young people, although it may 
sometimes be used in cases of primary osteoarthritis of the hip in older 
patients. 

The indications for osteotomy, according to my experience, are more wide- 
spread than usually thought, because bone and cartilage have an unexpected 
capacity for recovery if we remove damaging biochemic forces and create 
new more favorable ones. 

The aim of the operation is to create a healthy ecology in the hip. Nature 
itself is constantly engaged in counteracting the decaying effect, due to 
causes not yet fully understood by means of new bone formation: the 
asteophytes. 

But nature proceeds slowly: “Natura non facit saltus”; natural healing 
occurs only after decades. 

Man, the victim of the pathologic process, has too limited a period of life, 
nor does he readily agree to suffer for an extended period of time. 

The operation helps nature to produce in less than an hour what would 
normally take years. 
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A promising alternative to the many 
problems attendant upon endopros- 
thesis treatment is the purposeful uti- 
lization of the natural capacity for 
functional accommodation of the tis- 
sues of the skeletal system. The princi- 
ple behind this method of treatment is 
to restore, through a systematic and 
precisely measured change of mechani- 
cal demands, the biochemical equilibri- 
um between size and quality of the me- 
chanical demands on one side and the 
resistance and reactivity of support on 
the other. To this end careful planning 
of the surgical intervention and special 
operative techniques are demanded; 
both topics are thoroughly described 
in this atlas, With the correct opera- 
tive indications truly long-term results 
are achieved in the operative treat- 
ment of three important disorders of 
the hip joint — congenital coxa vara, 


pseudarthrosis of the neck of the femur, 


and coxarthrosis — hitherto generally 
regarded as incurable. The accuracy of 
the underlying biomechanical theory 
is impressively demonstrated. 
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Ulcerative colitis and Crohn’s disease: results 
after colectomy and ileorectal anastomosis 


J. McK. WATTS AND E. S., R. HUGHES* 


SUMMARY 

Eighty-one patients who had had colectomy and ileo- 
rectal anastomosis for ulcerative colitis or Crohn's 
disease of the colon from I to 13 years previously were 
interviewed and examined by a surgeon with whom they 
had had no previous contact. 

Sixty-four patients (79 per cent) had a satisfactory 
result, In 12 patients the operation had failed and an 
ileostomy had been established, and in a further 5 
patients the result was considered unsatisfactory. 

Despite a high incidence of frequent loose stools and 
minor anorectal complications, most of the patients 
were satisfied with the result and would not contemplate 
the alternative of an ileostomy. No patient had developed 
rectal cancer. 

Provided that the rectum is examined regularly for 
pre-malignant or malignant change, colectomy and 
ileorectal anastomosis offer a satisfactory alternative to 
prectocolectomy and ileostomy for many patients with 
ulcerative colitis or Crohn's disease. 


Opinions are divided about the merit of colectomy and 
ileorectal anastomosis when this operation is used for 
the treatment of patients with Crohn’s or ulcerative 
colitis. Dissatisfaction with the results is based on the 
persistence of active disease in the rectal mucosa, 
which may lead to disabling diarrhoea and other 
anorectal complications. There is also a definite risk 
that rectal cancer may develop. 

This is a report of a study of 81 patients who had 
had an ileorectal anastomosis for ulcerative or Crohn's 
colitis between 1956 and 1968. The patients were 
interviewed and examined by a surgeon who had not 
been involved in either the operation or in the continu- 
ing care of the patients. 


Patients and methods 

There were 81 patients who had an ileorectal anasto- 
mosis between 1956 and 1968. There were 36 males 
and 45 females, and their ages at the time of operation 


7 


ranged from 13 to 77 years (average 33 years). A 
primary anastomosis at the time of colectomy was 
carried out in 32 patients and only 4 of these patients 
had a temporary defunctioning ileostomy. Forty-nine 
patients had a delayed ileorectal anastomosis. In 47 
patients this followed a preliminary colectomy, 
defunctioning of the rectum and ileostomy. In 2 
patients a colectomy and ileorectal anastomosis were 
performed after a preliminary diverting ileostomy had 
been established. 


Table I: OPERATIONS FOR INFLAMMATORY 
COLONIC DISEASE PERFORMED FROM 1962 

TO 1968 

ileostomy alone No. of cases: 2 
Heostomy and colectomy 68 
Heostomy and proctocolectomy 6 
Heorectal anastomosis 73 


aprstannans rimak 


Total 149 


Selection of patients 

During the years from 1962 to 1968 there were 149 
operations performed for inflammatory colonic 
disease in the practice of one of the authors (E. S. R. H.) 
The frequency of the various operations is shown in 
Table I. During this period only 6 patients had a 
one-stage proctocolectomy and ileostomy, the reasons 
for primary rectal excision in these patients being 
cancer of the rectum (1 patient), suspected cancer of 
the rectum (2 patients) and severe rectal disease with 
stricture (3 patients), Of the 68 patients who had a 
primary colectomy and ileostomy, 7 died, 8 later had a 
rectal excision because of severe rectal disease and 25 
subsequently had an ileorectal anastomosis. The 
remaining 28 patients either were awaiting ileorectal 
anastomosis or had declined further surgery. 





* Departments of Surgery, Flinders Medical Centre, South 
Australia, and Monash University, Victoria, Australia. 
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Table H: DURATION OF FOLLOW-UP 

Completed Patients converted 
years of to ileostomy in 
follow-up No. of patients that year 

i 81 8 

2 48 l 

3 39 2 

4 25 — 

5 i6 H 

6 9 men 

7 7 m 

8 § ate 

9 or more 2 _ 


Table Hi: RESULTS IN 81 PATIENTS AFTER 
ILEORECTAL ANASTOMOSIS 


Assessment by Assessment by 


interviewer patients 
No. of No. of 
Result patientis ve patients A 
Satisfactory 4i 51 49 6] 
Satisfactory, but 23 28 19 23 
some reservations 
Unsatisfactory 5 6 l i 
Already converted 12 15 12 15 


to an ileostomy 


Table IV: REASONS FOR INTERVIEWER’S 
RESERVATIONS ABOUT RESULT IN 23 PATIENTS 


Frequency of motions, precipitancy No. of patients: 11 
and faecal incontinence 

Frequency of motions and precipitancy 

Poor general health and weakness 

Attacks of severe diarrhoea 

Frequent night stools 

Major rectal fistulas 


ba bo Bo te ae 


Table V: REASONS FOR INTERVIEWER’S 
DISSATISFACTION ABOUT RESULT IN 5 PATIENTS 


Patient No. of 
No. Reasons stools/day 

I Poor health, frequent loose motions, 12 
wears pad for incontinence 

2 Anaemia, frequent loose motions, 8 
wears pad for incontinence 

3 Faecal incontinence, precipitancy 7 
and rectal stricture 

4 Poor health, frequency of motions, 12 
fistula-in-ano 

5 Poor health, frequency of motions, 10 


precipitancy 


Technique of operation 

All the operations were carried out by one surgeon 
(E. S. R. H.) In all the patients the maximum possible 
length of ileum was preserved for end-to-end anasto- 
mosis with the rectum. The rectum was divided just 
above the anterior peritoneal reflection, approximately 
10 cm from the anal verge. It was not mobilized from 
the pelvis, and the inferior mesenteric vessels were 
divided at about the level of the pelvic brim. Anasto- 
mosis was carried out end to end in two layers, the 
inner of continuous chronic catgut and the outer of 
interrupted silk. 


Assessment of results 

All the patients were assessed by an independent 
observer (J. M. W.) who had had no previous contact 
with the patients. Seventy-five of the 81 patients were 
interviewed and examined and 6 patients answered 
a questionnaire by post. Medical records, which 
included pathology reports and photographs of 
operative specimens, were examined for all the 
patients. . 

The overall result of the operation was classified 
after interview and examination by both the patient 
and the assessor into one of the following three 
categories: 

1. Satisfactory: A good result without any reser- - 
vation whatsoever. 

2. Satisfactory with reservation: Imperfect but 
satisfactory. 

3. Unsatisfactory: The result was for one or more 
reasons unsatisfactory. This category also included 
patients in whom an ileostomy had been performed 
following failure of the ileorectal anastomosis. 


Follow-up 

The time between operation and assessment of results 
or conversion to an ileostomy varied from | to 13 years 
(mean 3} years). This is shown in Table I. 


Results 


Nature of the disease 

After examination of the patients’ clinical course and 
the excised colon, the patients were classified as 
suffering from either ulcerative colitis (66 patients) or 
Crohn’s disease of the colon (15 patients). 


Overall results 
These are shown in Table IHI. In 12 of the 81 patients 
the result had been so unsatisfactory that the anasto- 
mosis had been taken down and an ileostomy 
performed. Forty-one patients were found to have a 
totally satisfactory result. In 23 patients the results 
were found to be satisfactory, but there was some 
reservation about the result by the interviewer. The 
principal reasons for reservations about the result 
in this group are shown in Table IV. Five patients 
who still had an ileorectal anastomosis were judged 
to have an unsatisfactory outcome; the reasons 
for this assessment in each patient are shown in 
Table V. 

Overall, 64 of the 81 patients (79 per cent) were 
judged to have a satisfactory outcome after ileorectal 
anastomosis. 


Failed ileorectal anastomosis 

Twelve of the 81 patients had the anastomosis taken 
down and an ileostomy established. In 8 patients this 
occurred during the first year after operation. Failures 
after the first year were infrequent; there was one 
failure in the second year, 2 in the third year and. 
one in the fifth year after operation. 
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Fig. 1. Effect of preoperative rectal disease on the result after 
ileorectal anastomosis in 81 patients. 


Indications for conversion to ileostomy 

In all 12 patients life had become intolerable because 
of general poor health and persistent diarrhoea. Eight 
of the 12 patients had faecal incontinence and 5 had 
severe anorectal complications, including anorectal 
fissures, fistulas and abscesses. No patient had cancer 
of the rectum. 


Why does the operation fail in some patients? 
Factors considered in this analysis were age, sex, 
duration of disease, extent and type of colonic disease, 
state of the rectum at the time of operation and 
whether the rectum had been defunctioned prior to the 
anastomosis. The result of the operation was influenced 
by the state of the rectum at the time of the operation 
(Fig. 1), although this influence was only apparent as a 
high failure rate in the first year after operation. There 
were 60 patients with severe rectal disease at the time 
of anastomosis and 8 of these needed a conversion to 
an ileostomy during the first year; none of the 21 
patients with absent or minimal rectal disease needed 
further surgery during this period. 

In patients with active rectal disease it was found 


that the duration of symptoms before operation 


appeared to have some influence on the result (Fig. 2). 
While 11 of the 33 patients who had symptoms of less 
than 10 years’ duration had an unsatisfactory result, 
only 5 of the 26 patients with symptoms for more than 
10 years had such a result. 

Age and sex had no discernible influence, nor did 
defunctioning the rectum prior to anastomosis. 
Whether the primary disease was ulcerative colitis or 
Crohn’s colitis also did not appear to influence the 
result (Fig. 3). 


Patient satisfaction after ileorectal anastomosis 

The results are shown in Table HI. Patients judged the 
result by their general health and symptoms only, 
whereas the assessor was influenced by both the 
physical state of the patient and the state of the 
rectum. Nevertheless, patient satisfaction was high 
and only one of the 69 patients with an intact ileorectal 
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Fig, 2. Effect of duration of preoperative symptoms on the 
result after ileorectal anastomosis in 59 patients with severe 
rectal disease. 
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Fig, 3. Results after deorectal anastomosis in 15 patients 
with Crohn's colitis and 66 patients with ulcerative colitis. 


anastomosis was totally dissatisfied with the results 
of the operation. 


Patient comparison with ileostomy 

Forty patients had experienced an ileostomy for at 
least 6 months. They were asked whether they 
preferred an ileorectal anastomosis or an ileostomy. It 
was understandable that all 12 patients who had had a 
failed ileorectal anastomosis preferred an ileostomy. 
However, only one of the 28 patients with an mtact 
anastomosis preferred an ileostomy to their present 
state. Many patients stated that they would return to 
ileostomy life only under the most extreme pressure of 
ill health. The underlying reasons for aversion to an 
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Table VI: GENERAL HEALTH AND SOCIAL 
ACTIVITY OF 69 PATIENTS WITH AN INTACT 
ILEORECTAL ANASTOMOSIS 


General health 


Excellent No. of patients: 46 
Good, but some curtailment of work and 19 
recreation 
indifferent or poor 
Chronic invalid 0 
Other (Senility) I 
Social activity 
Normal 58 
Limited 9 
None i 
Other (senility) 1 
Table VIE: ANORECTAL SYMPTOMS AFTER 
ILEORECTAL ANASTOMOSIS (69 PATIENTS) 
Symptom No. of patients eA 
Precipitancy 28 41 
Faecal incontinence 3] 45 
Mucus and blood in stools 27 39 


Table VIH: TOTAL DAILY NUMBER OF STOOLS 
AFTER ILEORECTAL ANASTOMOSIS (69 PATIENTS) 


No. of stools/day: 1- 2 No. of patients: 9 
2- 4 23 
5~ 6 16 
T- 8 12 
9-10 6 
Li-12 2 
13~-f4 1 


Table IX: STATE OF RECTAL MUCOSA IN 63 
PATIENTS EXAMINED BEFORE OPERATION AND 
AT REVIEW 


State of rectal mucosa Before operation At review 
Normal mucosa 5 17 
Minimal inflammation 13 8 
Severe inflammation 45 38 


Table X: RESULTS AT REVIEW ACCORDING TO 

STATE OF RECTAL LUMEN 
Rectum with 
normal lumen 


Rectal lumen 
contracted 


Result (45 patients) (16 patients) 
Satisfactory 30 7 
Satisfactory with 14 5 

reservations 
Unsatisfactory 1 4 


ileostomy were not specifically analysed, but in many 
patients it was related to the alteration of body image 
with an ileostomy and the physical and psychological 
effects of an ileostomy on sexual intercourse. 


General health and social activities 

The results are shown in Table V1. These results were 
obtained without reference to a matched group of 
patients. Any limitation in general health was usually 
due to weakness and loss of weight. Limitation of 
social activity was usually due to fear of diarrhoea and 
faecal incontinence. 


Medical treatment 

Thirty-seven of the 69 patients were taking some forn? 
of anti-diarrhoeal treatment. This was usually codeine 
phosphate, Lomotil or a bismuth powder. These 
drugs were taken regularly, often in large amounts, by 
22 of the 69 patients. No patient was taking steroids 
and one patient was taking sulphasalazine. 


Anorectal symptoms (Table VID 
Twenty-eight of the 69 patients (41 per cent) com- 
plained of faecal precipitancy, the criterion being 
whether faecal incontinence was likely to occur if they 
did not satisfy a desire to defaecate within 10 minutes. 
Thirty-one patients (45 per cent) had some degree of- 
faecal incontinence and in 18 patients this was a 
regular occurrence. Only one patient wore a protective 
pad because of regular faecal incontinence. Twenty- 
seven patients (39 per cent) had occasional or regular 
blood and mucus in the stools; patients with this 
symptom usually had an inflamed rectal mucosa at 
sigmoidoscopy. 


Bowel motions | 
There was considerable variation in the consistency of 
the motions. Seventeen patients claimed to have normal 
motions and the remainder said that the motions were 
always loose. In 10 patients the motions were always 
completely fluid. The daily stool frequency was variable 
and is shown in Table VHI. Forty-eight patients 
(70 per cent) had six or fewer motions in 24 hours. 
There was a close correlation between stool 
frequency and the state of inflammation of the rectal 
mucosa. Even patients with a normal rectum were 
occasionally disturbed from sleep by the need to pass 
a motion. However, all the patients with severe rectal 
disease had frequent motions and all were disturbed 
at night; in a few patients this occurred on three or 
four occasions during their sleeping hours. 


Rectal disease 

The state of the rectal mucosa was observed at 
sigmoidoscopy in 63 patients at the time of review, and 
compared with the findings in the same patients at the 
time of operation (Table LX). 

Forty-five patients had moderate to severe rectal 
inflammation at operation and 12 of these (27 per cent) 
had either absent or minimal rectal inflammation at 
the time of review. 

Eighteen patients had absent or minimal rectal 
inflammation at operation and 5 of these (28 per cent) 
had moderate or severe rectal inflammation at the 
time of review. Thus, there is no evidence in these 
patients that ileorectal anastomosis is followed by a 
resolution of rectal mucosal inflammation, particularly 
as all 12 patients who had had a conversion to an 
ileostomy also had severe rectal disease at the time the 
anastomosis had been taken down. 

Progressive rectal disease may lead to a contracted 
rectal lumen and 16 of the 61 patients examined had 
this complication. The frequency of an unsatisfactory 


symptomatic result was greater in these patients 
(Table X). 


Anorectal complications 

These are listed for all 81 patients in Table XI. 
Strictures of the rectum were common (14 per cent) 
but some were minor. In 8 patients there was short 
circumferential narrowing about the level of the ano- 
«ectal junction. Seven patients (9 per cent) developed 
an anal or rectal fistula. Two of these were major 
fistulas-——one was rectovesical and the other recto- 
vaginal. 


` Remote complications 

The only remote complications which persisted after 
operation were sacro-iliitis and iritis (Table XID. 
These persisting complications were of minimal 
severity. Pyoderma of the leg eventually healed after 
1 year in one patient who still had an inflamed rectum. 


Late intestinal obstruction 

Obstructive episodes were common in the first year and 
3 patients required laparotomy for division of 
adhesions and relief of obstruction. Subsequently, 
these episodes were infrequent and no further opera- 
tions were necessary throughout the follow-up 
period. 


Impotence 

One male patient aged 72 claimed that he was sexually 
impotent, and this had occurred following the opera- 
tion of colectomy and ileostomy. All the other men in 
whom the inquiry was relevant, including those who 
had undergone rectal excision, claimed that they were 
sexually potent. 


Discussion 
The established operation for patients with ulcerative 
colitis or extensive Crohn’s colitis of sufficient severity 
to demand surgical treatment is total proctocolectomy 
and ileostomy. After this operation most patients 
recover fully, accept the ileostomy as a price for their 
well-being and live their predicted span of years 
(Daly, 1968). The position regarding the alternative 
operation of colectomy and ileorectal anastomosis is 
not so clear as surgeons have widely differing opinions 
about its results. Different standards of patient 
selection and assessment of results in reported series 
make it almost impossible to resolve this dilemma. It is 
often forgotten that any imperfections of life after 
ileorectal anastomosis must be set against the alterna- 
tive of ileostomy and not the normal or the pre- 
operative state (Jagelman et al., 1969). Furthermore, 
it is the patient’s opinion of his or her quality of life 
which is far more important than whether or not rectal 
inflammation is present, unless it is possible to show 
that the risk of rectal cancer outweighs this con- 
sideration. 

The results of this study show that in a group of 
patients with an average follow-up time of over 3 years 
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Table XI: ANORECTAL COMPLICATIONS AFTER 
ILEORECTAL ANASTOMOSIS 


Complication No. of patients uA 
Rectal stricture 11 i4 
Fistula {anal and rectal) 7 9 
Abscess 5 6 
Others (rectal prolapse, fissure) 6 J 


Table XII: REMOTE COMPLICATIONS BEFORE AND 
AFTER OPERATION IN 69 PATIENTS 


Complication Before operation 


Arthritis 

Stomatitis 

Erythema nodosum 
Pyoderma or leg ulcers 
iritis 


* Healed after I year. 


At review 


oe LA me A D 
heme Oo OS be 


after operation 4 out of 5 obtained what was to them 
and to the interviewer a satisfactory modus vivendi, It 
is remarkable that some of these patients can tolerate 
frequent liquid stools, precipitancy and even occasional 
faecal incontinence without having the slightest doubt 
that they would prefer their present state to life with an 
ileostomy. For example, there were 28 patients who 
had an intact anastomosis in this group and who had 
experienced life with an ileostomy for at least 6 months. 
Only one of these patients expressed a desire to return 
to that state. However, interpretation of this preference 
should be cautious as it is possible that most of these 
patients accepted their ileostomy only as a temporary 
inconvenience rather than making any real attempt to 
adapt to its presence. The reasons for disliking an 
ileostomy were usually related to the alteration in 
body image; a number of patients, mainly women, 
expressed fears about its effect on their sexual 
attractiveness. 

Tleorectal anastomosis is obviously not an operation 
which can be offered to all patients requiring surgery 
for colitis. Patients with a patulous anus or severe 
rectal suppuration or stricture are obviously unsuitable 
(Aylett, 1971). Many surgeons also exclude any 
patient with severe rectal disease (Veidenheimer et al., 
1970; Sprechler and Baden, 1971). The results in this 
series would not support such an exclusion as the 
presence of severe rectal disease at the time of oper- 
ation did not affect the late results, although it 
certainly did increase the risk of failure in the first 
postoperative year. This was also the experience of 
Turnbull (1968) and Baker (1970). It has been claimed 
that the inflamed rectum heals after this operation, but 
our findings, together with those of Goligher (1954), 
Georgiadis (1969), Korelitz et al. (1969) and Baker 
(1970), suggest that the disease in the rectal mucosa 
usually undergoes exacerbations and remissions. The 
state of the rectum does not always correlate with the 
patient’s symptoms, and our view is that the presence 
of an inflamed rectal mucosa should not unduly 
influence any decision about whether the rectum 
should be removed or retained. 
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The technique of operation may affect the results. 
Aylett (1971), who claimed good results with this 
operation, stressed the importance of division of the 
superior rectal arterial supply and the need for a 
diverting ileostomy until the anastomosis has healed. 
A temporary diverting ileostomy, especially if the 
colectomy and ileorectal anastomosis are done in one 
stage in the presence of active disease, has been 
advocated by Veidenheimer et al. (1970), Aylett (1971) 
and Burman et al. (1971). Griffen et al. (1963) claimed 
that the results were better if little ileum were excised 
and if the anastomosis were made less than 10 cm from 
the anus. Whatever technique is used, it is important 
that anastomotic leakage be prevented as this imperils 
both the future of the anastomosis and the life of the 
patient. 

An obvious concern after ileorectal anastomosis is 
the occurrence or persistence of the local and remote 
complications of inflammatory colon disease. Perirectal 
suppurative complications occurred in 14 per cent of 
the 81 patients in this series but were usually minor 
and no more than a temporary inconvenience. A 
number of patients developed narrowing of the bowel 
lumen about the level of the anorectal ring, and most 
of the patients who had an unsatisfactory result had a 
contracted rectum. It has been suggested the success or 
failure of ileorectal anastomosis could be a reflection 
of the severity of muscle abnormality in the rectal 
segment and that persistent diarrhoea could be 
explained by rigidity or lack of distensibility of the 
rectal wall rather than by persistent mucosal inflam- 
mation (Morson, 1971). However, in our patients 
there was a close relationship between the frequency of 
the motions and the severity of rectal inflammation. 

Remote complications were not a problem, although 
2 patients had recurrent sacro-iliitis thought to be 
related to their colitis, and 2 patients had an attack of 
iritis after operation, but this has not persisted. Aylett 
(1971) also reported a subsidence of remote compli- 
cations after ileorectal anastomosis. 

The most feared complication after ileorectal 
anastomosis is cancer of the rectal stump. Although 
cancer was not encountered in these patients, the risk 
is a real one and must constitute the greatest objection 
to the procedure in patients with long-standing and 
extensive colitis. In a study of 237 patients followed up 
from | to 14 years after colectomy, MacDougall 
(1964) found that 5 patients developed cancer of the 
rectum whereas the expected incidence in patients 
without colitis was 0-2 per cent. 

There is no doubt that the risk of cancer should be 
considered when a decision for or against this operation 
is to be taken. However, the long term risk of this 
complication is unknown and in our view it cannot at 
this stage offset the very real advantages of the opera- 
tion, provided that regular follow-up is carried out. 
Whether sigmoidoscopy and the search for pre- 
malignant changes (Morson and Pang, 1967) in rectal 
biopsy material at 6-month intervals will be sufficient 
to detect early cancer in time for a cure can only be 


decided by further long term studies. A difficulty that, 
may arise is whether a rectal stricture is benign or 
malignant, in which case the rectum should be 
removed. 

What are the factors that influence the success or 
failure of ileorectal anastomosis? The state of the 
rectum is obviously important, and although it is clear 
that severe inflammation by itself is not a contra- 
indication, such patients have a greater risk of earlye 
failure. The operation is certainly contraindicated if 
cancer is present, if the rectum is contracted or jf 
severe perianal disease is present. Apart from these 
considerations, there does not appear to be any one — 
factor which consistently influences the result. 

Although our results, like those of Baker (1970), do 
suggest that there may be a better result if there is a 
long history of the disease before operation, this is of 
little help in making a decision about a particular 
patient. There is no evidence in this series that 
preliminary defunctioning of the rectum before 
anastomosis is important. 

Experience with ileorectal anastomosis for Crohn's 
disease of the colon is limited but the results in the 
16 patients in this group were similar to those in the 
65 patients with ulcerative colitis. Evidence from other 
series (Baker, 1971; Burman et al., 1971: Adson et al., 
1972) supports the use of this operation in some 
patients with Crohn’s colitis although there will be 
many patients in whom rectal stricture or perirectal 
disease makes rectal excision mandatory. 
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Anal fistulas at St Mark’s Hospital 


C. G. MARKS AND JEAN K., RITCHIE* 


SUMMARY 


This paper presents the application of a classification of 


anal fistulas to an unselected consecutive series of 793 
patients treated for this condition at St Mark’s Hospital 
from 1968 to 1973 inclusive. The fistulas were divided 
into five categories on their anatomical relationships: 
superficial (16 per cent), intersphincteric (54 per cent), 
trans-sphincteric (21 per cent), suprasphincteric (3 per 
cent) and extrasphincteric (3 per cent), with the 
remaining cases multiple or unclassified (3 per cent). 

There was good correlation between the categoriesand 
presentation, physical signs and treatment of the fistulas. 

Two hundred and forty-nine patients had potentially 
difficult fistulas. Follow-up of these patients revealed 
healing of almost all the fistulas, but the functional 
results were less satisfactory (incontinence of loose 
stool in 17 per cent and of flatus in 25 per cent, soiling in 
31 per cent). 


THERE have been numerous classifications of anal 
fistulas, often characterized by their complexity and 
without practical implications. The earlier classifi- 
cations related the course of the fistula track only to 
the external sphincter. In 1934 Milligan and Morgan 
introduced a classification based on the surgical 
anatomy of the anal canal and this classification has 
since dominated the surgical management of fistulas. 
They retained the categories of subcutaneous and 
submucous fistulas inside the external sphincter, but 
classified all other fistulas according to the anorectal 
ring. The situation of the internal opening was used 
by these authors to separate fistulas with tracks 
entering the anal canal below the anorectal ring into 
(a) the common low anal fistula where the opening 
was at the level of the anal crypts, and (b) the un- 
common high anal fistula where the opening was at 
about the level of the anorectal ring. All fistulas with 
tracks extending above the anorectal ring in the coronal 
plane were called ‘anorectal’ irrespective of the site of 
their internal opening, which could be in either the 
rectum or anal canal. 

Goligher (1961) observed that the Milligan-Morgan 
definition of anorectal fistulas did not take account of 
their relationship to the levator ani, and therefore he 
divided such fistulas into the common ischiorectal 
type where the track or abscess may rise to the apex of 
the fossa without penetrating the levator ani, and a 
rare pelvirectal type when there is an extension 
upwards through the levator ani. In addition, this 
author used the terms ‘infralevator’ and ‘supralevator’ 
as synonyms for ‘ischiorectal’ and ‘pelvirectal’ 
(Goligher, 1975). 


Thompson (1962) has described fistulas as simplee 
and easy to treat (95 per cent) or complex and 
difficult to treat {5 per cent). Difficult fistulas were 
encountered when either the internal opening was 
above the anorectal ring or the fistulous track extended 
around three-quarters of the circumference of the ` 
external sphincter muscle. 

In 1878 Chiari described the anal glands, and 
Eisenhammer (1958) considered Herrmann and 
Desfosses (1880) to have been the first authors to 
suggest the importance of these glands in the patho- 
genesis of anal fistulas. Hill et al. (1943) demonstrated 
that some anal glands penetrated the internal sphincter 
and reached the intersphincteric or intermuscular 
plane between the internal and external sphincters. 
The way was then open for a unifying concept of the 
pathogenesis and classification of anal fistulas based 
on the spread of infection originating from anal 
glands in the intersphincteric plane (Eisenhammer, 
1958; Steltzner, 1959; Parks, 1961). Eisenhammer 
(1958) demonstrated that the submucous fistula 
accepted by Milligan and Morgan (1934) was in fact 
deep to the internal sphincter and should therefore be 
called ‘intersphincteric’. In this type of fistula the 
track might simply pass from an internal opening in 
an anal crypt downwards to the perianal skin, or 
upwards into the wall of the rectum and occasionally 
enter the rectum itself. Steltzner (1959) classified 
fistulas into. three groups: ‘intermuscular’ or ‘inter- 
sphincteric’ (between internal and external sphincters, 
Fig. 1), ‘trans-sphincteric’ (where the fistula track 
crossed the external sphincter into the ischiorectal 
fossa, Fig. 2) and ‘extrasphincteric’ (when the track 
passed directly from the rectum through the levator 
ani and outside the external sphincter to the skin, 
Fig. 3). In addition, Parks et al. (1976) have described 
the ‘suprasphincteric’ fistula (Fig. 4). This is a rare 
type where the track passes from an internal opening 
in the anal canal upwards in the intersphincteric plane 
to loop over the puborectalis and pass downwards 
through the levator ani to the skin. 

Each of these four groups is based on the course 
taken by the main fistula track and this classification 
can be applied to all fistulas except superficial fistulas. 
It may be necessary to qualify the basic type in order 
to describe an extension, e.g. a trans-sphincteric 
fistula with a supralevator extension. A detailed 
description of the classification used in this paper and 
its application to a personal series has been reported 
by Parks et al. (1976). The purpose of the present 
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Fig. 1. Diagram to show the tracks of an intersphincteric 
fistula. | 
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Fig. 2. Diagram to show the tracks of a trans-sphincteric 
fistula. 


study was the application of the same classification by 
an independent observer to a large unselected series of 
patients with anal fistulas and toexamineits relevance to 
the treatment and subsequent outcome ofthese fistulas. 


Terminology 
There is no universally accepted definition of an anal 
fistula or, indeed, of the meaning of the terms used in 
its description. We have defined an anal fistula as a 
track or cavity communicating with the rectum or anal 
canal by an identifiable internal opening. We agree 
with Milligan and Morgan (1934) that there is usually 
an external opening, a main track and an internal 
opening; however, we have widened the definition to 
include abscesses where an internal opening has been 
demonstrated at the time of drainage or subsequently. 
The term ‘secondary track’ can be used in two 
separate situations: either to describe an important 
addition to the main track which requires specific 
treatment or to include subcutaneous tracks associated 
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Fig. 3. Diagram to show the track of an extrasphincteric 
fistula. 
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Fig. 4. Diagram to show the tracks of a suprasphincteric 
fistula. 


with multiple openings. For these reasons we have 
avoided the term. The word ‘extension’ is used for 
secondary tracks requiring special treatment. When 
the secondary tracks were subcutaneous and easily 
included in the lay-open, they have been disregarded 
to stress the importance of the treatment of the primary 
track. 

A number of other terms have been discarded. These 
include ‘complete and incomplete fistulas’ and ‘blind 
internal and external fistulas’. Furthermore, the 
qualifications of the basic type of fistula by a descrip- 
tion of its extensions have allowed us to use the word 
‘ischiorectal’ in a purely descriptive manner, and to 
dispense with the terms ‘pelvirectal’ and ‘anorectal’ 
which have been superseded by more precise anatomi- 
cal terms. The words ‘high’ and ‘low’ have only been 
used in the context of internal openings in the anal 
canal. Their use in the broader context to describe 
fistulas as a whole is considered to be so imprecise as 
to have no practical implications and, indeed, it has 
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Table l: RACIAL ORIGIN OF THE PATIENTS 
STUDIED 


Racial origin Males Females Total 
British 407 90 497 
Other Caucasian 125 32 157 
Non-Caucasian 120 19 139 

Total 652 141 793 
Table H: CLASSIFICATION OF THE FISTULAS 
Type of fistula No. of patients A 
Superficial I = 

Subcutaneous 54 

With fissure 56 l 

Surgical wound I6 + 520 oe 
Intersphincteric | 

Simple 394 | 

With extension below puborectalis 22 

With extension above puborectalis 1i > 36 45 

With entry into rectum 35 
Trans-sphincteric 

Simple 56 | 

With ischiorectal fossa extension? 7 > 164 20-7 

With supralevator extension 2} 
Suprasphincteric 

Simple a 

With ischiorectal fossa extension l > 26 373 

With supralevator extension 20 } 
Extrasphincteric 23 2-9 
Multiplet 17 2:1 
Unclassified t 7 0-9 


* Defined as sizeable abscess, horseshoe extension or definite 
track to apex of fossa. 
+ Omitted from Tables HI-~X. 


Table IHH: LENGTH OF HISTORY RELATED TO 
TYPE OF FISTULA 
Type of fistula 


Less than | yr I yr or more 


Intersphincteric* 61-4 38°6 
Trans-sphincteric 45-2 548 
Suprasphincteric 34-6 65-4 
Extrasphincteric 30-4 69-6 


Results given as percentage incidences. 
* Based on 547 patients. 


‘Table IV: PREVIOUS FISTULA OPERATIONS AND 
ASSOCIATED ABSCESSES RELATED TO TYPE OF 
FISTULA 


Spon- Abscess 
Previous Surgical taneous at 
opera- drainage discharge Opera- 
Type of fistula tion ofabscess of abscess tion 
Intersphincteric 6°§ 16-4 12-9 28:4 
Trans-sphincteric 34-4 59-1 85 28-0 
Suprasphincteric 38-5 57-7 15-4 385 
Extrasphincteric 39-] 34-8 13-0 17-4 


Results given as percentage incidences. 


been said that there are five circumstances in which 
fistulas could be described as high (Parks et al., 1976). 


Composition of the series 

The series consists of all the patients in whom the first 
definitive operation at St Mark’s Hospital for an anal 
fistula was carried out in the 6 years 1968-73, with the 


exception of patients in whom the lesion was associ- , 
ated with inflammatory bowel disease or found to be 
tuberculous. The case records of all the patients 
classified under the categories of anal fistula and 
perianal or ischiorectal abscesses were studied, and 
793 patients satisfying the criteria of a fistula set out 
above were included. The series includes fistulas 
treated at this hospital in the 6 years under review 
which form part of two personal series (Parks et al., 
1976; Parks and Stitz, 1976). The 793 patients 
represent some 10 per cent of all new inpatients seen in 
the hospital during the same period and about 4 per 
cent of all new outpatients. 


Clinical details 

There were 652 males and 141 females in the series, a 
ratio of 4-62 : 1. This preponderance of male patients 
is similar to that of other studies (Liltus, 1968). One 
hundred and twenty (18-4 per cent) of the males and 
35 (25-8 per cent) of the females had fistulas more 
complicated than intersphincteric or simple trans- 
sphincteric. These figures suggest a tendency for 
complicated fistulas to be more frequent in women but 
they are not statistically significant. 

A simple classification of the patients according to 
racial origin is shown in Table I. There was nothing to 
suggest a relationship between complicated fistulas 
and racial origin. 

The age distribution of the patients is shown in 
Fig. 5. Anal fistulas are uncommon in both very young 
and old patients; approximately three-quarters of the 
patients in both sexes were aged between 30 and 
59 years at the time of operation. 


Types of fistula 

The overall figures of the classification of the fistulas 
are given in Table H. All the fistulas were classified by 
one of the authors (C. G. M.) using all the information 
available in the case notes. 


Length of history and symptomatology 

When the length of history was analysed, it was found 
to increase with the complexity of the fistula (Table THI). 
Analysis of the common symptoms of pain, swelling, 
discharge, bleeding and pruritus did not show any 
clear differences between the four groups. 


Previous fistula operations (Table IV) 

Thirty-eight of the 556 patients with an intersphincteric 
or more superficial fistula had had one or more 
previous operations; breakdown of the figures in this 
group showed that 10 of the 36 patients with an 
upwards extension from the main track had undergone 
earlier fistula surgery. Among patients with a trans- 
sphincteric fistula the highest incidence was found in 
the cases with a supralevator extension. 


Associated abscesses (Table IV) 
There are three ways in which an abscess may occur in 
association with a fistula, First, as an emergency 
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requiring drainage, secondly having discharged 


, , : w | Female 
spontaneously and finally as a finding at operation. 204 = | 

Two hundred and eleven patients (26-7 per cent) EEE = | Oe seg ee 
had had an anal abscess drained surgically on one or 
more occasions. The highest incidence (15 out of 
21 patients) was again among patients with a trans- 

sphincteric fistula with a supralevator extension. 
Ninety-three patients {11-7 per cent) gave a history 
*of a discharging abscess. There was no difference in 
the incidence of this type of abscess in any of the four 
types of fistula. 100 
At operation an abscess was found in 218 patients 30 
— (27-5 per cent) with the highest incidence (18 of 36 


J 
co 


No. of patients 
rs e 
Lor 





; l ; : i 60 
patients) in cases with an intersphincteric fistula and a a 
high extension. 

20 
Q 


Site of external opening (Table V) 

There is a tendency for the external opening to be in 
the lateral position in more complicated fistulas. 
Statistical analysis shows that there are two significant 
relationships. First, that between a posterior opening 
and a simple fistula, and secondly, that between a ANTERIOR 
lateral opening and a complicated fistula (P < 0-001). 
Multiple external openings have a higher incidence in 
the more complicated fistulas. 


<20 20-29 30-39 40-49 50-59 60-69 >70 
Age (yr) 
Fig. 5. Age distribution of 652 male and 141 female patients. 


Site and height of internal opening (Fig. 6) 

The anterior and posterior quadrants contained 

88-4 per cent of the internal openings. RIGHT 
The height of the internal opening was often poorly LATERAL 

recorded. A high opening was defined as being in the 

upper third of the anal canal and a low opening was 

related to the anal crypts. In 6 per cent of the patients 

it was definitely stated in the operation notes that the 

opening was high in the anal canal. This figure gives a 

minimum incidence of high internal openings. 


LEFT 
LATERAL 





Other findings on examination POSTERIOR 

Before operation: High induration was mentioned in Fig. 6. Circumferential site of the internal opening in the 
only 38 patients, again to be taken as a minimum 2a! canal (based on 724 patients). 

incidence in view of the retrospective nature of this 
study. 

At operation: In anatomical terms it is possible for a 
fistula track to ramify circumferentially (usually 
termed ‘horseshoeing’) in three sites. These are the 
intersphincteric plane, the ischiorectal fossae and 
above the levators in the supralevator space (Fig. 7). 
To be included as horseshoeing in Table VI, we have 
considered that a fistula must extend on both sides 
from the main track; fistulas with a unilateral ex- 
tension in the circumferential plane in any of the three 
possible sites (the so-called *half-horseshoe’ extension) 
have not been included. Table VI relates the site of 
horseshoeing to the type of fistula and confirms the 
well-known clinical impression that this variety of 
extension is most common in the ischiorectal fossae. 
Anterior horseshoeing was found at operation in only 
3 patients and may have been related to a gynaeco- | 
logical procedure in the single female patient in this pig, 7, Diagram to show the three planes in which 
group. horseshoeing occurs {Parks et al., 1976}. 
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Table V: SITE OF EXTERNAL OPENING RELATED 
TO TYPE OF FISTULA 


Left Right 

Type of fistula Ant. lat. Pos. lat. Multiple None 

Inter- 155 98 44-9 4-0 3-4 22-4 
sphincteric 

Trans- 49 18-5 16-7 17-9 9-9 3271 
sphincteric 

Supra- 12-0 12-0 40 24-0 24-0 24-0 
sphincteric 

Extra- 8-7 21-7 8-7 13-0 21-8 26-1 
sphincteric 


Results given as percentage incidences. 
Ant, Anterior: lat., lateral; Pos., posterior. 


Table VI: SITE OF HORSESHOEING RELATED TO 
TYPE OF FISTULA 


Site of horseshoe 


Inter- Ischio- Supra- 
sphinecteric rectal levator 
Type of fistula* plane fossae space 
Intersphincteric with high 3 0 0 
extension 
Simple trans-sphincteric 2 0 
Trans-sphincteric with 4t 35 ü 
ischiorectal extension 
Trans-sphincteric with 1 5 9 
supralevator extension 
Suprasphincteric with 3 4 4 
supralevator extension 
Extrasphincteric 0 i 2t 


* Subgroups in which there were no cases with horseshoeing 
have been omitted. 

+ In one patient in each case there was also an ischiorectal 
horseshoe present. 


Treatment 

The general principles of treatment of fistulas have 
been described by Hawley (1975). They may be 
summarized as follows. The position of the fistula 
track is identified by the passage of a probe between 
the internal and external openings. The relationship of 
the track to the anorectal ring is established and the 
track is laid open by cutting down on to the probe. 
The skin over the perianal space and ischiorectal 
fossa, when the track extends there, is divided and the 
edges excised to produce a wide shallow wound 
without overhanging edges. 

The procedure is modified for the different types of 
fistulas, particularly those with tracks close to the 
anorectal ring. A complete ring of anorectal muscle 
must be preserved. Continence depends on the 
integrity of this ring and will usually be maintained as 
long as a thin bar remains. Complete division of the 
muscle makes incontinence inevitable. In clinical 
practice the anorectal ring is particularly at risk in 
trans-sphincteric fistulas where the track passes through 
the deep part of the external sphincter or puborectalis. 

The most difficult component of a fistula to treat is 
the supralevator extension. [t arises in four instances: 
(a) from an upwards extension of an intersphincteric 
fistula, (b) from an upwards extension of a trans- 
sphincteric fistula and as a lateral extension from 
either (© a suprasphincteric or (d) an extrasphincteric 


fistula. There is an important difference between the, 
first category and the others. The supralevator 
extension of an intersphincteric fistula does not 
communicate with the ischiorectal fossa and can 
therefore be safely opened into the rectum. Drainage 
into the ischiorectal fossa would convert such a 
fistula into the more difficult suprasphincteric type. 

Eleven of the 21 patients with a supralevator 
extension from a trans-sphincteric fistula had beene 
operated on before their referral to St Mark’s Hospital. 
In this subgroup the extension can usually be drained 
by enlarging the point where it passes through the 
levator ani muscles, and then curetting the track or- 
cavity. Great care must be taken with the curette to 
avoid perforating the rectum and so producing an 
extrasphincteric fistula. Enlargement of the track 
through the levator may be unsuccessful when the 
supralevator extension forms a horseshoe. On 6 
occasions it was necessary to detach the muscle sling 
from the coccyx posteriorly to allow drainage of 
supralevator abscesses. 

For the rare but difficult suprasphincteric fistula in 
close relationship to the puborectalis muscle, Parks 
and Stitz (1976) have described a modification of the 
ancient ligature method of treatment. After the interna! 
opening of the fistula has been excised together with 
the surrounding mucosa and a strip of internal 
sphincter, the skin overlying the fistula track in the 
ischiorectal fossa is laid open and approximately half 
the external sphincter below the track is divided. A 
nylon seton is then tied loosely around the puborectalis 
and the remaining external sphincter so that it passes 
through the fistula track, where it loops over the 
muscle. In this position the nylon seton has a dual 
role, acting both as a drain and as a marker for the 
fistula track so that its precise position can be re- 
assessed when the residual sphincter is contracted by 
the conscious patient. After time has been allowed for 
healing, usually several weeks, the fistula is re- 
examined under general anaesthesia and the seton is 
removed by formal division of the enclosed muscle. 

It is difficult to generalize about the treatment of 
extrasphincteric fistulas because of the heterogeneous 
composition of the group. In the 20 out of 23 such 
fistulas of known aetiology, three broad categories 
have emerged: 

1. Those associated with other types of fistula 
which may be either trans-sphincteric with supralevator 
extensions (7 cases) or suprasphincteric (3 cases). In 
these patients it is necessary to treat not only the 
primary track originating from an internal opening in 
the anal canal but also the point of entry into the 
rectum. 

2. Those which follow trauma which can be. 
surgery, pelvic injury or due to a foreign body 
(7 cases). 

3. Those which are secondary to other pelvic 
pathology, represented in this series by complicated 
diverticular disease in 3 patients (cases of inflammatory 
bowel disease and tuberculosis have been excluded). 


Surgery had been undertaken previously in 21 of 
+ * à . 
these 23 patients. In 5 cases there were strong indi- 
cations that this surgery might have been responsible 
for the communication with the rectum. However, the 
extrasphincteric fistula in 2 men in the trauma group 
developed late when they were recovering from severe 
crush fractures of the pelvis. 

It is often difficult to close the rectal opening because 

eit may be in continuity with an abscess cavity in 
addition to being subjected to pressure from, and 
contact with, faeces. The rectal defects were closed 
with stainless steel wire in 9 patients, chromic catgut 
in 5 patients and nylon in one case. There was no 
advantage in the use of a particular suture material. 
Most of the patients had a colostomy; in 2 patients 
this permitted a successful resuture of the rectal 
opening. The initial closure succeeded in 7 cases with- 
out a colostomy, and in these patients the bowels were 
confined for periods up to 2 weeks. 

The treatment of extrasphincteric fistulas secondary 
to pelvic pathology is relatively straightforward. 
Staged intra-abdominal resection of the diverticular 
masses followed by end-to-end colorectal anastomosis 
was successful in all 3 patients. It was not necessary to 
explore these fistulas from below. 


Type of operation (Table VI) 

Five hundred and fifty-two of the 769 patients with a 
single classifiable fistula were treated by one-stage 
lay-open or, in a few cases with a superficial fistula, by 
_ excision. In the other 217 patients the treatment was 
staged. Both the proportion of patients requiring 
staged treatment and readmissions shows a steady 
increase with increasing complexity of fistula, although 
it must be pointed out that the majority of re- 
admissions were due to a planned policy of staged 
treatment for the more difficult fistulas. 


Seton 

Setons were used in the treatment of 53 patients (28 
with trans-sphincteric fistula, 22 with suprasphincteric 
fistula and 3 with extrasphincteric fistula). On most 
occasions one surgeon was responsible for the 
management of these patients. 

We attempted to compare the results of treatment 
involving the use of setons with the orthodox lay-open 
procedure. Adequate numbers of patients for com- 
parison were only available in the trans-sphincteric 
group. When the 28 patients in this group treated by 
insertion of a seton were compared with 136 treated 
by laying open, there was no difference in the length of 
postoperative stay in hospital or in the functional 
result as assessed by a questionnaire. 

Although this is a large series, it has not been 
possible to make a judgement between the advantages 
and disadvantages of the use of a seton versus 
orthodox lay-open treatment. This point can only be 
resolved by a prospective clinical trial and objective 
measurement of continence and anal sphincter 
activity. 
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Time in hospital and time to achieve healing (Tables VIII 
and 1X) 

Both these measurements increased with the com- | 
plexity of the fistula. 


Results of treatment (Table X) 

A complete follow-up of all the patients was con- 
sidered impracticable in view of the large numbers 
involved; attempts to obtain adequate follow-up data 
were limited to patients with a single classifiable 
fistula more complex than the simple intersphincteric 
type. There were 248 such patients who left hospital 
alive, and an adequate assessment was finally obtained 
for 204 of these patients (82 per cent). This was 
derived from the case records or a questionnaire in 
175 patients, from the surgeon concerned in 16 cases 
and from the general practitioner in 13 cases. 

Nine patients did not consider the operation a 
complete success, usually on account of some soiling. 
In 50 patients there had been further symptoms from 
the fistula area; the most common were pruritus, 
soreness or occasional pain. Fourteen of the 51 
patients who had trouble in controlling flatus stated 
that there was only slight or occasional difficulty. 
Among the 7 patients who were incontinent of normal 
stool, 2 had trouble infrequently and this was also 
true for 8 of the 35 patients who were incontinent of 
loose stool. Thirty-one patients experienced only 
slight or occasional soiling and other patients 
mentioned special circumstances in which soiling 
occurred. The most common of these were with loose 
stools, but when tired, after prolonged standing or on 
sneezing or coughing were also mentioned. Soiling 
after defaecation was a fairly common complaint and 
a number of patients stressed the necessity of careful 
washing after each bowel action to minimize the risk. 


Discussion 

The aim of this study was to apply the classification of 
anal fistulas described by Parks et al. (1976) to a 
consecutive series of patients treated by a number of 
surgeons. The relationship between the patients’ 
physical signs and the outcome of treatment has been 
examined and confirms the validity of the subdivisions. 
There are very few figures in the literature for the 
incidence of different types of fistulas because of the 
confusion over systems and semantics. 

Two-thirds of the patients treated had an uncompli- 
cated fistula of either the superficial or simple inter- 
sphincteric type and presented few problems in 
management. 

Trans-sphincteric fistula was the second common 
category and was responsible for 20-7 per cent of the 
total. There is an unavoidable overlap between the 
simple intersphincteric fistula and the very low trans- 
sphincteric fistula where the track may pass through 
the subcutaneous part of the external sphincter. There 
has been some disagreement about the relative 
positions of the lower border of the internal sphincter 
and the subcutaneous external sphincter. However, 
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Table Vil: STAGING OF TREATMENT RELATED TO TYPE OF FISTULA 


No. with 
further 
Total No. of No. with staged No. with surgical No. 
Type of fistula patients treatment review only treatment readmitted 
Simple intersphincteric or superficial 520 33 18 19 0 
Intersphincteric with high extension 36 17 10 9 0 
Simple trans-sphincteric 56 27 20 li I 
Trans-sphincteric with ischiorectal extension 87 76 58 4ł 9 
Trans-sphincteric with supralevator extension 21 19 14 li 5 
Suprasphincteric 26 22 i8 17 12 >œ 
Extrasphincteric 23 23 14 16 14 
Table VHI: LENGTH OF POSTOPERATIVE STAY RELATED TO TYPE OF FISTULA 
Length of postoperative stay (d) 
Type of fistula <14 > 14<28 > 28 < 42 > 42< 56 > 56 
Simple intersphincteric or superficial * 79-2 18-9 1-9 Q 0 
Intersphincteric with high extension 47-3 27°8 19-4 5:5 0 
Simple trans-sphincteric 23-2 48-2 21-4 5-4 1-8 
Trans-sphincteric with ischiorectal extension 5:8 40-2 33-3 16-1 4-6 
Trans-sphincteric with supralevator extensiont 0 50:0 30-0 15-0 5-0 
Suprasphincteric 3°8 38:5 26-9 11-5 19-3 
Extrasphincteric 4-3 34-7 17-4 17-4 26:2 
Results given as percentage incidence. 
* Based on 519 patients; one case treated as an outpatient. 
+ Based on 20 patients; one operative death. 
Table IX: TIME TO ACHIEVE HEALING RELATED TO TYPE OF FISTULA 
No. of patients a RAAE ROE ene ee Te 
ith Senne Time to achieve healing (wk) 
Type of fistula time of healing <4 zsah 213<25 2 26<51 a 52 
Simple intersphincteric or superficial 405 134 197 63 1} 0 
Intersphincteric with high extension 27 j 15 It Q 0 
Simple trans-sphincteric 39 2 20 i4 3 0 
Trans-sphincteric with ischiorectal extension 54 0 13 28 10 3 
Trans-sphincteric with supralevator extension 12 0 i 6 2 3 
Suprasphincteric 19 0 2 6 8 3 
Extrasphincteric 8 0 2 2 3 1 
Table X: LONG TERM RESULTS OF OPERATION RELATED TO TYPE OF FISTULA 
Incontinence 
Type of fistula Flatus Normal stool Loose stool Soiling Pad necessary 
Intersphincteric with high extension (33) 8 2 3 10 3 
Simple trans-sphincteric (44) 10 3 8 13 5 
Trans-sphincteric with ischiorectal extension (67) 20 1 16 18 8 
Trans-sphincteric with supralevator extension (18) 6 0 2 8 0 
Suprasphincteric (22) 3 1 3 9 2 
Extrasphincteric (19) 4 0 3 6 1 


Figures in parentheses refer to the number of patients for whom adequate follow-up data were available. 


this point is of no practical importance because both 
muscles at this level can be divided with impunity 
(Milligan and Morgan, 1934). 

The most common type of complicated fistula 
treated was a trans-sphincteric type with an ischiorectal 
extension (87 patients). We have shown that these 
patients are likely to have a history of previous 
operations, particularly drainage of an abscess. A 
lateral opening may be seen and high induration felt 
on palpation of the anal canal. Eighty-seven per cent 
of these patients were treated in stages and over half 
remained in hospital for more than 4 weeks post- 
operatively (Table VHD. The time of healing was 


known in 54 patients. No wound had healed within 
4 weeks; only 41 had healed within 6 months (Table 1X). 
The treatment of these fistulas was often a major 
undertaking for both the surgeon and the patient. 
The orthodox lay-open treatment resulted in a very 
large wound which took many months to heal. 
Healing was expedited in 5 patients who received skin 
grafts between 8 and 16 weeks after the initial pro- 
cedure, All had healed within 4 weeks of receiving the 
graft. 

All the other types of complicated fistulas (inter- 
sphincteric with a high extension, trans-sphincteric 
with a supralevator extension, suprasphincteric and 


extrasphincteric) are uncommon and even at this 
‘specialist hospital together only accounted for some 
13 per cent of the total. 

When the final results of treatment of the 248 
patients with potentially difficult fistulas are con- 
sidered, there was very little difference between the 
major categories and their subdivisions. This is not 
surprising as the objective of treatment was the same in 
all the patients, namely to produce a continent 
patient with a healed fistula. A further contributory 
factor was the tendency to convert all fistula wounds 
to a common pattern so that a wide, shallow, 
saucerized wound without overhanging edges was 
produced (Goligher, 1975). This manceuvre, a modifi- 
cation of the Salmon backcut, delays the healing of 
the outer part of the wound to allow the anal end to 
fill with granulations. 

Seven of the 204 patients available for follow-up 
remained incontinent when their stool was solid. 
Re-examination of the records of these patients 
demonstrated no factors which might have been 
used to identify this group. A small group of 19 
patients continue to wear a pad postoperatively. 
However, when incontinence of flatus and loose stool 
are considered, these symptoms occurred in 51 
(25 per cent) and 35 (17 per cent) of the patients 
respectively. The commonest complaint was soiling, 
which occurred in 64 patients (31 per cent), which is 
similar to the incidence of 24 per cent reported by 
Bennett (1962) who included simple fistulas. However, 
it must be borne in mind that there is a definite 
incidence of these three symptoms in a normal 
population. An additional point volunteered by a 
number of patients was that their symptoms improved 
and indeed disappeared over a period up to 2 years. 
This knowledge gives us some comfort but does not 
hide the fact that in spite of a conservative approach 
along the lines advocated by Milligan and Morgan 
(1934), a number of patients will suffer functional 
impairment as the price of curing their anal fistula. 

In conclusion it can be said that surgical treatment 
resulted in a healed fistula in almost all the patients 
who attended St Mark’s Hospital between 1968 and 
1973 inclusive. However, a number of patients with a 
complicated fistula were subjected to prolonged 
treatment which resulted in some impairment of anal 
function. It is hoped that this report of the application 
of a classification and the results of treatment of 793 
patients will stimulate others to report their experience 
and thus help to improve the treatment of patients 
with this condition. 


Acknowledgements 
We thank the surgeons of St Mark’s Hospital 
for permission to study the case records of their 


Anal fistulas at St Mark’s Hospital 91 


patients. We are grateful to Miss Monica Leighton of 
the Computing Unit for Medical Sciences at St 
Bartholomew’s Hospital, London, for the statistical 
analyses, to the Department of Medical Illustration at 
St Mark’s Hospital for the figures and to Miss J. W. 
Philips and the Staff of the Medical Records Depart- 
ment for their valuable help. 


References 

BENNETT R. C. (1962) A review of the results of orthodox 
treatment for anal fistulae. Proc. R. Soc. Med. 5S, 
756-757. 

CHIARI H. (1878) Über die Nalen Divertikel der 
Rectumschleimhaut und ihre Beziehung zu den 
Anal Fisteln. Wien Med. Press 19, 1482-1483. 

EISENHAMMER S. (1958) A new approach to the anorectal 
fistulous abscess on the high intramuscular 
lesion. Surg. Gynecol. Obstet. 106, 595-599, 

GOLIGHER J. €. (1961) Surgery of the Anus, Rectum and 
Colon, London, Cassell, p. 180. 

GOLIGHER J. €. (1975) Surgery of the Anus, Rectum 
and Colon, 3rd ed. London, Bailliére Tindall, 
p. 210. 

HAWLEY P. R. (1975) Anorectal fistula. Clin. Gastro- 
enterol. 4, 635-649. 

HERRMANN G. and DESFOSSES L. (1880) Sur la muqueuse 
de la région cloacale du rectum. C. R. Acad. 
Sci. (Paris) 90, 1301-1302. 

HILL M. R., SHRYOCK E. H. and REBELL F. G. (1943) Role 
of the anal glands in the pathogenesis of anorectal 
disease. JAMA 121, 742-746. 

LILIUS H. G. (1968) Investigation of human foetal anal 
ducts and intramuscular glands and a clinical 
study of 150 patients, Acta Chir. Scand. (Suppi. 
383). 

MILLIGAN E. T. C. and MORGAN C. N. (1934) Surgical 
anatomy of the anal canal with special reference 
to anorectal fistulae. Lancet 2, 1150-1156, 
1213-1217. 

PARKS A. G. (1961) The pathogenesis and treatment of 
fistula-in-ano. Br. Med. J. 1, 463-469. 

PARKS A. G., GORDON P. H. and HARDCASTLE J. D. (1976) 
A classification of fistula-in-ano. Br. J. Surg. 63, 
1-12. 

PARKS A. G. and stTiTz R. w. (1976) The treatment 
of high fistula-in-ano. Dis. Colon Rectum. 19, 
487-499, 

STELTZNER F. (1959) Die anorectalen Fisteln. Berlin, 
Springer. 

THOMPSON H. R. (1962) The orthodox conception of 
fistula-in-ano and its treatment. Proc. R. Soc. 
Med. 55, 754-756. 











Br. J. Surg. Vol. 64 (1977) 92-95 


The internal sphincter and anal fissure 


D: D: HANCOCE* 


SUMMARY 
The activity of the internal anal sphincter in patients 
with fissure has been studied by measuring anal pressure 
and motility with a small balloon probe. 

The mean maximum anal pressure in 12 patients with 
fissure (116:8 + 21-8, s.d., cm H,O) was significantly 
higher than that in 40 control subjects (85:0 + 20-5 cm 
HO; P<0-01). Ultra-slow pressure waves 


the controls. Both the high pressure and ultra-slow 
waves were due to abnormal activity of the internal 
sphincter. This could be corrected equally well by either 
dilatation or lateral subcutaneous sphincterotomy. 


IT is well known that pain and spasm are associated 
with anal fissure. The fact that internal sphincterotomy 
cures most patients suggests that there is an abnor- 
mality of the internal sphincter, but this presumed 
abnormality has never been measured clearly. The 
objective of this study was to record the activity of the 
internal sphincter by measuring anal pressure and 
motility in asymptomatic subjects and patients with 
fissure. 


Patients and methods 

Pressure and motility were measured with a small 
water-filled balloon built into a hollow Perspex rod 
7mm in diameter (Fig. 1). This was connected to a 
strain gauge pressure transducer, and a tracing of 
pressure was obtained through a multichannel 
recording device. The probe was inserted into the anal 
canal in steps of 1 cm from the anal verge and the 
recording at each position lasted for 4 minutes. A 
typical short tracing of the anal pressure profile is 





Fig. 1. Balloon probe and strain gauge pressure transducer. 


were ` 
present in 80 per cent of the patients and in 5 per cent of 


shown in Fig. 2. Pressure was estimated at each 
position with reference to the initial calibration of 
100 cm H,O. The motility pattern was classified into 
one of three groups: 

l. Flat: Steady anal pressure showing only slow 
waves (Fig. 3a). 

2. Irregular: Resting pressure unsteady, sometimes 
with marked fluctuations in pressure (Fig. 34). 

3. Ultra-slow waves: Regular pressure waves of 
amplitude greater than 25 cm H,O and frequency less 
than 2/min (Fig. 3c). 

Fourteen patients with fissure were examined. In 2 
the recording of anal pressure could not be done 
because of pain. A satisfactory recording was obtained 
in the remaining 12 (mean age 41 + 13, s.d., yr). The 
duration of symptoms ranged from 3 months to 
4 years and none had had any previous treatment. 
Seven patients were treated by lateral subcutaneous 
sphincterotomy and all but one were examined again 
between 3 weeks and 2 months later. Five patients 
were treated by a 6-8 finger dilatation (Lord’s 
procedure) and all were measured again 2 months 
later. Forty normal subjects were also examined. 
These were patients in hospital who had never had 
anorectal symptoms. 


Results 


Anal pressure and motility 

The mean maximum resting anal pressure of the 
patients with anal fissure (116-8 + 21-8, s.d., cm H,O) 
was significantly higher than that of the controls 
(85:0 + 20-5 cm H,O; P<0-01; Fig. 4). 

There was a very significant difference in motility 
pattern between patients with fissure and the controls. 
Ultra-slow pressure waves were present in 10 out of 
the 12 patients with fissure but in only 2 out of the 
40 controls (P<0-:001; Table I). 


Pain and anal pressure 
All the patients complained of anal pain from their 
fissure; in 4 it was severe. The mean maximum resting 
anal pressure in the 4 with severe pain was 128:5 + 
31:2 cm H,O, and in those with less pain was 111-0+ 
11-2 cm H,O. The numbers are too small for statistical 
testing. 

During the recording 3 patients complained of 
considerable discomfort amounting to pain. Only one 
of these patients had previously had much pain. The 





* Wythenshawe Hospital, Southmoor Road, Manchester 23. 


AS 


Time {min} 


insertion 
fom 


Fig. 2. Short anal pressure profile from a normal subject, 


mean maximum resting pressure in the 3 with pain 
during the recording was 131-6+ 165 cm H,O, and 
that of the remainder who had only a little discomfort 
was 111-64 21-9cem H,O. Though the pressure was 
again highest in those with most pain, the numbers are 
too small for statistical analysis. 


Pressure after anal dilatation 

The mean maximum resting anal pressure of the 
5 patients treated by anal dilatation dropped from a 
preoperative level of 107 + 15-3 to 66-4 + 12-1 cm H,O 
(38 per cent drop; P<0-05; Fig. 5a). The motility 
pattern was flat in the postoperative recordings 
and all the patients were completely free from 
symptoms. 


Pressure after lateral subcutaneous sphincterotomy 

Of the 6 patients measured after sphincterotomy, the 
mean maximum preoperative resting anal pressure of 
120-2 296cm H,O was reduced to 882+ 14-3 cm 
H:O (26 per cent drop; P<0-02; Fig. 56). The 
motility pattern became flat except in one patient who 
still had some fading ultra-slow waves. Two patients 
had some residual symptoms in the form of minor 
pain. 


Discussion 

The resting anal pressure in patients with fissure was 
significantly higher than that in the controls. Ultra- 
slow waves were present in 5 per cent of the controls 
and in 80 per cent of the patients with fissure. In 
a previous study of patients with haemorrhoids 
(Hancock and Smith, 1975) ultra-slow waves were 
found to be associated with the highest anal pressure 
and they persisted under anaesthesia when the external 
sphincter was paralysed. They presumably represented 
activity of the internal anal sphincter. Both the 
abnormal pressure and motility seen in the patients 
with fissure must be due to overactivity of the internal 
sphincter which, although suspected on clinical 
grounds for many years, has not been measured 
previously. 

There have been three studies of anal sphincter 
activity in patients with fissure (Graham-Stewart et al., 
1961; Duthie and Bennett, 1964; Nothmann and 
Schuster, 1974), Graham-Stewart et al. (1961) used a 
large latex balloon which filled the whole of the anal 
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Table I: ANAL MOTILITY CLASSIFICATION 
Motility at position Patients with 


of maximum pressure fissure Control subjects 

Flat 0 28 (70%) 

Irregular 2 (20%) 10 (25%) 

Ultra-slow waves 10 (80%) 2 (5%) 
Total 12 40 


canal. They measured only 6 subjects and noticed 
some unsteadiness of pressure compared with controls, 
but found no significant difference in resting pressure. 
This was in the region of 40 cm H,O and very much 
lower than that found in the present study. Duthie and 
Bennett (1964) used a fine water-filled polythene tube 
to measure anal pressure. They found no difference 
between patients with fissure and their controls, but 
this may have been because their recording system was 
not adequately perfused. It has been shown that in a 
fine perfused recording system the speed of perfusion 
does influence the pressure and motility pattern — 
recorded (Hancock, 1976). Nothmann and Schuster 
(1974) designed a double balloon system in tandem. 
They found a higher pressure in the proximal balloon 
in patients with fissure than in controls and recorded 
reflex abnormalities in response to rectal distension. 
All the patients had an internal sphincter reflex, but 
this relaxation was followed by a marked elevation of 
pressure above the initial baseline. 

It may be argued that the demonstration of anora 
activity in the present study was due to stimulation of 
the internal sphincter by the balloon probe. It is 
unlikely that much stimulation occurs in a recording 
which lasts 15 minutes because many of the patients 
did not experience any discomfort. A fine perfused 
probe which causes negligible stimulation will also 
record the abnormal ultra-slow waves provided that 
the perfusion rate is fairly fast (Hancock, 1976). It 
therefore seems likely that there is a chronic over- 
activity of the internal sphincter in association with a 
fissure but it is not possible to say whether this is 
primary or secondary. 

It has often been held that the pain associated with 
fissure is due to spasm of the internal sphincter. The 
present results suggest that there is an association of 
severity of pain with internal sphincter activity, but it 
is not certain that the pain is coming from the sphincter 
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Fig. 4. Maximum anal pressures of 40 asymptomatic 
subjects and 12 patients with anal fissure. 


itself because some of the patients with prominent 
ultra-slow waves had very little pain. 

Both anal dilatation and lateral sphincterotomy 
resulted in a significant reduction in resting anal 
pressure. Both operations appear to work in the same 
way by correcting an abnormality of the internal 
sphincter. The choice of procedure is open and one 
can predict that either would give a satisfactory result 
if well performed. 
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Intestinal changes after jejuno-ileal shunt 


in obesity : a report of 2 cases 
J. F. GRENIER, J. DAUCHEL, J. MARESCAUX, M., R. ELOY AND J.C. SCHANG#* 


SUMMARY 

Two cases of end-to-end and end-to-side jejuno-ileal 
bypass for the treatment of obesity are reported in 
which both patients underwent reoperation 17 and 23 
months later respectively. Macroscopic examination 
and measurements of length of the various segments of 
the small intestine have been performed twice in each 
patient: at the time of the bypass and at the second 
surgical procedure. In one patient a histological study 
of both the excluded and functioning small intestine was 
carried out at the time of each surgical procedure. The 
functioning intestine had increased in size while the 
excluded segment had become narrowed. The height of 
the villi had increased slightly in the functioning ileum 
and more so in the functioning jejunum compared with 
the preoperative measurements. In contrast, the height 
of the villi was moderately reduced in both the bypassed 
jejunal and ileal segments. These findings confirm the 
results of experimental studies in animals. 


MANY investigations have been carried out on the 
changes in intestinal structure following small bowel 
resection and intestinal bypass in experimental 
animals, but there have been very few studies in man. 
Recent advances in intestinal bypass surgery for 
obesity have stimulated increased investigation in this 
field of research. The hypertrophy of the remnant of 
functioning small bowel remaining after intestinal 
bypass has never been accurately assessed in man, and 
the morphological changes which may take place in 
the excluded intestine after small bowel bypass have 
not been well established. These intestinal changes 
have been investigated in 2 patients who have under- 
gone a jejuno-ileal bypass, followed more than | year 
later by a second surgical procedure, when re-examina- 
tion of both the excluded and functioning small bowel 
segments was possible. 


Methods 

The lengths of the segments of intestine in the 2 patients 
in the present study were measured twice immediately 
before each surgical procedure, with a cotton band 
which was stretched along the mesenteric border of 
the bowel. However, according to Backman and 
Hallberg (1974), only the values of the first measure- 
ment are reliable. Indeed, in all cases the second 
figures were found to be 10 per cent shorter than the 
first- ones, the difference being independent of the 
lengths of the measured segments. This suggests that 
handling and stretching of the intestine influenced the 
second measurement. 


Case reports 

Case 1: A 35-year-old baker had been overweight since the age 
of 15 in spite of numerous attempts to diet. In 1965 he was 
found to have diabetes which was initially controlled by insulin 
and later by oral hypoglycaemic therapy. In 1971, on admission, 
he weighed 122 kg (height 1-65 m). Laboratory studies showed 
a hyperlipidaemia with Fredrickson Type IV abnormalities; 
total serum lipids 40 g/l, serum cholesterol 7 g/l. 

On 14 September 1971 a jejuno-ileal bypass was performed. 
The small bowel was measured carefully between the Heocaecal 
valve and the ligament of Treitz and was 5:20 m. An end-to-end 
anastomosis was made between the proximal jejunum (40 om 
from the ligament of Treitz) and the distal ileum (10 cn: above 
the ileocaecal valve). The proximal end of the bypassed intestine 
was closed and the distal end anastomosed end to side to the 
colon. 

The postoperative course was uneventful and the patient 
lost weight at a rate of about 2 kge/week during the first 2 
months. The weight reduction then continued at a decreasing 
rate. The patient stopped losing weight 15 months after opera- 
tion and has remained at about 90 kg despite continuing 
hyperphagia. At this time laboratory studies demonstrated 
that the blood glucose and serum lipids were in the normal 
range, 

On 16 February 1973 a panniculectomy was performed. 
Operation revealed that the patient had developed an incisional 
hernia. The peritoneal cavity was opened during the hernia 
repair and the functioning intestine was found to have under- 
gone considerable growth and was very thickened. It measured 
75cm in length. In contrast, the bypassed intestine was 
narrowed (Fig. 1). 


Case 2: A 49-year-old woman weighing 118 kg (height 1-76 m} 
was admitted because of the failure of medical measures to 
reduce weight. Laboratory studies were found to be normal. 
On 15 April 1971 an end-to-side jejuno-ileal shunt was carried 
out. The small intestine was 5-50 m long. The first 50 cm of the 
jejunum were anastomosed end to side to the terminal 10 cm of 
ileum, and the proximal end of the excluded intestine was 
closed. The jejunum and ileum were biopsied at the site of this 
anastomosis. 

The rate of weight loss during the first 2 months after 
operation was similar to that in the previous case. However, the 
rate soon reduced and finally stopped 6 months after operation. 
Over the following year the patient regained weight slowly. She 
was readmitted in March 1973, weighing 100 kg. A barium 
study showed reflux of intestinal contents into the bypassed 
bowel segment. This finding explained the lack of effective 
weight loss, and it was decided to convert the end-to-side 
jejuno-ileal anastomosis into an end-to-end anastomosis. This 
was done on 15 March. As in the previous patient, the bypassed 
intestine appeared narrowed whereas the functioning segment 
was larger than the colon, The functioning jejunal and ileal 
segments had increased in length from 50 to 75 cm and from 10 
to 15 cm respectively. After intestinal resection at the site of the 
anastomosis, the first 40 cm of jepunum were anastomosed end- 
to-end to the last 10cm of ileum, bypassing the mid small 
bowel into the colon. The resected small bowel was examined 
histologically and compared with the intestinal biopsy specimen 
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removed 23 months previously (Fig. 2). The resected segment 
*consisted of the bypassed ileum, the excluded distal jejunal 
loop, the distal part of the functioning jejunum (35 cm) and the 
proximal part of the functioning tleum (5 cm). 

The patient lost weight after this conversion until some 12 
months later and has since remained at about 85 kg. 


Histological findings 

The intestinal biopsy specimens obtained from Case 2 
“were fixed in Bouin’s solution, sectioned transversely 
and stained with haematoxylin and eosin. The 
sections were coded to eliminate bias in their inter- 
pretation, and only the villi which were oriented 
perfectly in an axis perpendicular to the muscle layer 
and parallel to the plane of the section were studied. 
The height of the well-oriented villi and the number 
of their cells were determined concurrently in each 
biopsy with an eyepiece micrometer. 

At the time of the second surgical procedure the 
mean number of enterocytes, including both mucous 
and absorptive cells in a half villus, was found to be 
about 100 in the excluded jejunum, 240 in the function- 
ing jejunum, 75 in the excluded ileum and 110 in the 
functioning ileum (Fig. 2). 

The mean height and the standard deviation of the 
villi in each type of biopsy are recorded in Table J. The 
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Fig. 2. Case 2. 


Note the hypertrophy of the villi in (a) compared with the atrophy in (b). (> 
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Fig. 1. Case 1. Macroscopic appearance of the small bowel 
after jejuno-ileal bypass. The dilated remnant of functioning 


jejunum (/) is contrasted with the narrow excluded segment 


of jejunum (2) and ileum (3). 
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Microscopic appearances of (a) the bypassed jejunum and (b) the residual functioning jejunar: 
80.) j 
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Table 1: HEIGHT OF INTESTENAL VILLI BEFORE 
THE FIRST AND SECOND OPERATIONS IN CASE 2 


Height of villi 


Jejunum Heum 
Operation (um, mean+s.d.) (um, mean-s.d.) 
First 630 +98 896 -- 113 
Second 
Excluded segment 5454-11 665 + 61 
Functioning segment 1278 +71 920 +. 67 


The differences between the heights of the villi of both the 
jejunum and ileum before the first operation and of the 
excluded segment before the second operation are significant 
(P<0-01). The differences between the heights before the first 
operation and of the functioning segment before the second 
operation are also significant for the jejunum (P<0-01) and 
the tleum (P <0-05). 


significance of differences between the results obtained 
at the first shunt and the second operation as well 
as between the excluded and functioning intestinal 
segments were calculated using Student's f-test for 
non-paired data. The height of the villi of the bypassed 
jejunal and ileal segments was found to be moderately 
reduced at the second operation. This reduction is 
significant when compared with either those noted 
before the shunt (P<0-01) or those in functioning 
segments measured at the second surgical procedure 
(P<0-01). There was a striking increase in the height 
of the functioning jejunal villi whereas the increase 
appeared slight for the functioning ileal villi. The 
increase in the height of the jejunal villi is significant 
(P<0-01). The increase in the height of the ileal villi is 
also statistically significant but only at the 5 per cent 
level. 


Discussion 

The compensatory growth of the residual intestine 
after massive enterectomy is well known (Flint, 1912; 
Clatworthy et al., 1952; Porus, 1965; Rickham, 1968). 
The increase of both the circumference and length of 
the remnant of small bowel, as well as its mucosal 
hypertrophy, has been demonstrated (Dowling and 
Gleeson, 1973). Since the development of metabolic 
intestinal surgery for the treatment of obesity, it has 
been suggested that somewhat similar changes could 
occur after small bowel bypass (Shibata et al., 1967: 
Tilson and Wright, 1970; Dowling and Gleeson, 1973). 
Our observations agree with previous data. Such 
hypertrophy occurring in functioning small bowel 
explains the failure of bypass operations to produce 
sustained rates of weight loss in some patients. 

The phenomenon of hypertrophy in the residual 
intestine after a small bowel shunt has prompted a 
renewal of interest in the mechanisms by which the 
gut adapts to a loss of effective absorptive surface. The 
‘tissue mass’ hypothesis postulates that the intestinal 
cells secrete a growth inhibitor, the serum concentra- 
tion of which falls after partial enterectomy, thereby 
permitting the remnant to grow until sufficient mass is 
regenerated to restore the concentration of the 
inhibitor to normal levels (Booth et al., 1956). Because 


hypertrophy is also observed after intestinal bypass 
alone, this concept has been contested. The ‘intra- 
luminal nutrition’ hypothesis has been advanced by 
Dowling and Booth (1967), who suggested that the 
morphology of the villi is influenced by the chyme. 
Similarly, it has been assumed that the increase in size 
of the villi occurring in the efferent loop after gastrec- 
tomy is related to the dumping effect of hypertonic 
mixtures rapidly reaching the upper small intestine 
(Baird and Dodge, 1957; Jones and Williams, 1963; 
Johnstone and Adams, 1964; Scott et al, 1964; 
Bunch, 1971). 

These findings also agree with the decrease in height 
of the villi in the bypassed intestine of our patients. 
In rats Gleeson et al, (1972) noted similar atrophic 
changes in the excluded bowel. However, the 
numerous reports of good survival after the re- 
establishment of normal intestinal continuity in 
patients with an intestinal shunt who develop severe 
malnutrition show that these atrophic changes are 
reversible (Scott, 1973). 
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The role of oxygen therapy in the healing of 
experimental skin wounds and colonic anastomosis 


D. KIRK AND T. T. IRVIN* 


SUMMARY 

A number of experimental studies have indicated that 
wound healing is adversely affected by hypoxia, and it 
has been suggested that healing can be improved by 
increasing inspired oxygen tensions. However, this 
hypothesis is based on observations on simulated 
wounds or tissue implants in experimental animals, and 
the clinical relevance of these observations is uncertain. 

The effects of oxygen therapy on the healing of skin 
wounds and colonic anastomoses were examined in 
rats. Sutured skin incisions and normal and ischaemic 
colonic anastomoses were studied in control animals 
breathing air and in test animals breathing 50 per cent 
oxygen. Wound healing was assessed by measurements 
of wound breaking strength, colonic bursting wall 
tension and wound collagen after 7 days’ treatment with 
oxygen, 

There was no significant difference in the measure- 
ments in skin wounds or colonic anastomoses in test and 
control animals, and there was a similar incidence of 
anastomotic dehiscence in the ischaemic colon of test 
animals and controls. 

Oxygen therapy had no apparent effect on wound 
healing in this study, and it was concluded that further 
Studies are required to determine whether or not there is 
a rational basis for the clinical use of oxygen therapy to 
help wound healing. 


OXYGEN is an essential requirement for the formation 
of collagen (Udenfriend, 1966), Studies of experimental 
wounds in animals have indicated that the oxygen 
supply in wound tissue may be below the optimum for 
collagen synthesis (Hunt and Pai, 1972). It has been 
suggested that the inhalation of increased oxygen at 
normal atmospheric pressure may have beneficial 
effects on wound healing (Niinikoski, 1969; Hunt and 
Pai, 1972), and recent experimental studies have 
reported that the normal process of wound repair in 
uncomplicated surgical incisions may benefit from 
oxygen therapy (Niinikoski, 1969: Stephens and 
Hunt, 1971). 

Unfortunately, many of the conclusions regarding 
the availability of oxygen in healing wounds have been 
based on experimental studies of simulated wounds or 
tissue implants, and the effect of oxygen therapy on the 
healing of incisional wounds of the type encountered 
in clinical surgery remains unclear. One area in which 
problems frequently arise is in the healing of colonic or 
colorectal anastomoses (Schrock et al., 1973). Thus, if 
oxygen therapy improves the quality of wound repair 
this would be an area where such therapy might be of 


+ 
clinical value. Where the healing of such anastomoses 
is impaired by ischaemia one might anticipate that 
raised arterial oxygen tensions would be especially 
likely to improve healing. 

In the present study the effects of increased atmos- 
pheric oxygen on the healing of skin wounds and 
of colonic anastomoses, both in normal and in 
devascularized colon, were examined in rats. 


Materials and methods 

Male Wistar rats weighing approximately 250 g were 
studied. They were fed a standard pellet diet and 
permitted free access to water throughout the experi- 
ment. All the operations were performed with a clean 
surgical technique under ether anaesthesia. 


Wounds 

Experiment 1: Each animal received a skin wound and 
a colonic anastomosis. A full thickness skin incision 
5cm in length was made in the dorsal midline. It was 
closed in a standard fashion with interrupted No. 2 
metric silk sutures. 

The abdomen was opened through a midline 

vertical incision and an end-to-end anastomosis made 
in the left side of the colon (Irvin and Hunt, 1974). The 
abdominal wound was closed in layers with continuous 
silk sutures. 
Experiment 2: In this experiment anastomoses were 
made in ischaemic colon. To prepare ischaemic colon 
the blood supply was interrupted by ligating the 
marginal vessels at the splenic flexure and in the 
pelvis, and then dividing the mesentery between the 
bowel and the marginal vessels. Preliminary studies 
showed that only this degree of devascularization 
resulted in a significantly increased incidence of 
anastomotic dehiscence. 


Controlled atmospheres 

The rats were randomly allocated to the test or control 
group on completion of the surgical procedure. They 
were placed in glass-topped boxes, each of which held 
6 rats, The atmosphere in each box was supplied from 
gas cylinders (British Oxygen Corporation) via 
suitable reducing valves: the control box with air, and 
the test box with a 60 per cent oxygen/40 per cent 
nitrogen mixture, which maintained a level of 50 per 
cent oxygen within the box. A gas flow of 1-5 litres/min 
kept the carbon dioxide level below 1 per cent with 
6 rats in the box. The temperature and humidity 
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within the boxes were similar. Oxygen concentration 
*was measured with a Harlake direct reading oxygen 
analyser (British Oxygen Corporation) and carbon 
dioxide by an absorption technique (Drager CO, 
monitor 4242). The boxes were opened for a short time 
each day for cleaning and feeding. 

The animals were sacrificed on the seventh day and 
the skin wounds and colonic anastomoses were 
excised for studies of mechanical wound strength and 
wound collagen. Autopsies were performed on all the 
animals dying during the course of the experiment, 
and the incidence of intestinal obstruction, peritonitis 
and anastomotic dehiscence was recorded. 


Ed 

Wound breaking strength (skin wounds) 

The breaking strength of the dorsal skin wound in 
experiment | was determined in standard strips of 
skin measuring 4 cm long and 1 cm wide. The wound 
was located at the midline of the strip. Two such strips 
were obtained from the upper and lower ends of the 
wound in each animal. The wound sutures were 
removed and the breaking strength was measured 
by the method of Crawford et al. (1965), the load 
being applied to the specimen at a constant rate of 
450 g/min. 


‘Olonic bursting pressure and bursting wall tension 
The colonic anastomoses were excised in segments of 
bowel of standard length, and the colonic bursting 
pressure and bursting wall tension were determined by 
the method described by Irvin and Hunt (1974). 


Wound collagen 

Standard samples of the dorsal skin wounds in 
experiment 1 were excised for collagen measurements. 
Each sample, taken from the centre of the wound, 
measured | cm in length and 0-5 cm in width, with its 
long axis parallel to the wound suture line. 

The colonic anastomoses in experiments | and 2 
were excised as strips of tissue measuring 0-5 cm in 
width. 

The skin and colonic specimens were hydrolysed in 
6 N hydrochloric acid and the hydroxyproline content 
was determined by a modification of the method of 
Prockop and Udenfriend (1960). 


Statistical analysis 

Student’s f-test was used in the statistical analysis of 
the results. 

Results 

Experiment | 

In this experiment 18 test animals and 18 controls were 
studied. 

Skin wounds: Table I shows the measurements of 
breaking strength, total collagen and collagen concen- 
tration in the skin wounds in control animals and test 
animals breathing 50 per cent oxygen. There is no 
significant difference between the measurements in 
test and control animals. 
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Table I: BREAKING STRENGTH, TOTAL COLLAGEN 
AND COLLAGEN CONCENTRATION 
OF SKIN WOUNDS 


Control 
Test group group 
Number of animals 18 18 
Breaking strength (g, 250 4-21 285 1-22 
Mean ese.) 
Total collagen (mg, 4-03 0-16 4-19-4026 
mean +-s.e.} 
Collagen concentration 667D8E 657430 


(ug/mg, mean + s.e.) 


loreal 


Table H: BURSTING WALL TENSION, TOTAL 
COLLAGEN AND COLLAGEN CONCENTRATION OF 
COLONIC ANASTOMOSES 


Control 
Test group group 
Number of animals 18 17 
Bursting wall tension 0-55-4005 046-005 
(dyn/cm, mean + s.¢.)* 
Total collagen (mg, 1264-01} 1124009 
mean- s.e.) 
Collagen concentration 343-04 355-016 


(ug/mg, mean-ts.e.) 
* Bursting wall tension measured in 15 test animals and 14 
controls——see text. 


Table HI; MORTALITY AND COMPLICATIONS IN 
TEST AND CONTROL GROUPS 


Control 
Test group group 

Numbers of animals studied 36 36 
Death from anastomotic leakage 10 7 
Death from other causes 2* 0 
Complications in survivors 13 16 

Faecal peritonitis 2 0 

Local abscess T 9 

Obstruction 4 7 





apanar 


* Autopsy failed to demonstrate cause of death in either case. 


Colonic anastomoses: Table LI shows the measurements 
of bursting wall tension, total collagen and the collagen 
concentration in colonic anastomoses in test and 
control animals. Colonic bursting wall tension 
measurements were not obtained in 7 animals G test 
and 4 controls), either because anastomotic dehiscence 
had occurred or because the colon was damaged 
during removal. No significant difference was observed 
in the bursting wall tension and collagen measurements 
in test and control animals. 


Experiment 2 

In this experiment there were 36 animals in each group. 
Complications: The incidence of complications is 
shown in Table UI. Of the animals dying during the 
experimental period, no cause of death could be found 
at autopsy in 2 (both from the test group). The 
remainder (10 from the test group, 7 of the controls) 
had anastomotic leakage of sufficient severity to 
cause death. The difference in mortality between the 
groups is not significant, and the total incidence of 
complications is similar in the two groups. 

Colonic bursting wall tension and collagen measure- 
ments: The measurements of bursting wall tension, 
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Table IV: BURSTING WALL TENSION, TOTAL 


COLLAGEN AND COLLAGEN CONCENTRATION 
OF ANASTOMOSES IN DEVASCULARIZED COLON 


No. No. 
of Control of 
Test group cases group Cases 





Bursting wall tension 0624-006 if 6594003 16 
(dyn/cm, mean --s.e.} 

Total collagen (mg, 1-12 -0-10 1-36+-0-12 
mean +-8.¢,) 16 21 

Collagen concentration 420-020 3-76 =- 0-14 


(ug/mg, mean 4- s.e.) 


total collagen and collagen concentration in colonic 
anastomoses are shown in Table IV. Bursting wall 
tension measurements were not possible in animals in 
which anastomotic dehiscence had occurred, and in a 
few animals dense adhesions precluded removal of the 
intact bowel. Bursting wall tension was measured in 
11 test and 16 control animals. Collagen measurements 
were performed in 16 test and 21 control animals. 
There was no significant difference in the measurements 
of bursting wall tension, total collagen or collagen 
concentration in test and control animals. 


Discussion 

Surgeons are familiar with the adverse effects of 
hypoxia resulting from ischaemia in the healing of 
skin flaps and amputations, but recent experimental 
observations have suggested that hypoxia may effect 
wound healing in a wide range of circumstances. 
Studies of simulated wounds and implants have 
suggested that hypovolaemia and major trauma may 
result in wound hypoxia (Zederfelt and Hunt, 1970; 
Heppinstal et al., 1974), and Niinikoski et al. (1972) 
found that bacterial infection reduced the oxygen 
tension and the accumulation of collagen in tissue 
chambers. Collagen synthesis has been studied in 
cell-free homogenates from a number of animal 
tissues, and it has been shown that the hydro- 
xylation of proline depends on molecular oxygen 
(Udenfriend, 1966). In the absence of oxygen collagen 
cannot be formed. Several reports have indicated 
beneficial effects of hyperbaric oxygen in the manage- 
ment of ischaemic wounds (Perrins, 1966; Slack et al., 
1966), and from their experimental evidence Hunt and 
Pai (1972) have suggested that the oxygen tension in 
normal wounds may be a rate-limiting factor in 
collagen synthesis in vivo, and that the inhalation of 
increased oxygen tensions at atmospheric pressure 
might be of clinical value in promoting wound healing. 
Measurements of the oxygen tension in wire mesh 
cylinders implanted in the subcutaneous tissues of 
experimental animals have demonstrated hypoxic 
conditions which can be corrected by the inhalation of 
oxygen (Hunt and Pai, 1972). Oxygen administration 
increased collagen accumulation in these cylinders 
(Hunt and Pai, 1972) and also in cellulose sponges 
implanted in the subcutaneous tissues (Niinikoski, 
1969). To what extent the conditions in these artificial 
dead spaces relate to conventional surgical wounds is 


not clear. Wound oxygen supply is dependant not only 
on the arterial oxygen tension but also on the tissue” 
blood flow and the length of the capillary—tissue 
gradient. In a surgical wound these factors may 
produce oxygen tensions which exceed the critical 
value for collagen formation. 

The effect of various inspired oxygen tensions on the 
healing of sutured skin wounds in experimental 
animals was studied by Niinikoski (1969) and Stephens. 
and Hunt (1971). It was found that the breaking 
strength of wounds varied with changes in the 
inspired oxygen tension. Wound breaking strength 
was reduced by systemic hypoxia and it was increased 
by hyperoxia. In the present study the inhalation of 
50 per cent oxygen had no significant effect on the 
breaking strength or collagen content of sutured skin 
wounds in rats (Table D, and these results are at 
variance with the previous findings. However, the 
reported changes in wound breaking strength in 
animals breathing oxygen have been relatively small, 
and in the study of Stephens and Hunt (1971) there 
was only a 9 per cent increase in the breaking strength 
of skin wounds in rats breathing 40 per cent oxygen 
compared with control animals breathing air. Such 
differences must be interpreted with caution. Measure- 
ments of wound breaking strength are affected by 
several variables associated with the technique 
(Glaser et al., 1965), and relatively small differences in 
studies may be attributable to the variability of the 
method. The experimental protocol in the present 
study differed from the previous investigations in 
several respects. The most important, perhaps, is that 
the skin wounds in the present study were combined 
with colonic anastomoses in the same animals. This 
experimental model would appear to have greater 
clinical relevance, but it is possible that the additional 
trauma of colonic surgery affected the healing of skin 
wounds, and thus masked any slight benefit accruing 
from oxygen therapy. 

The healing of incised sutured wounds in healthy 
skin usually proceeds without complications so that 
any acceleration or improvement of the normal 
healing process may be of limited clinical importance. 
However, in situations where failure in healing is a 
common cause of clinical problems, any method 
whereby healing could be improved would be 
welcomed. Serious problems in wound healing are 
encountered not infrequently in anastomosis of the 
large intestine. The dehiscence of colonic anastomoses 
is a significant and serious clinical problem (Irvin and 
Goligher, 1973; Schrock et al., 1973). It has been 
suggested that hypovolaemia, infection and trauma are 
contributory factors in the failure of colonic healing 
(Hawley, 1969; Whitaker et al., 1970; Schrock et al., 
1973). Experimental studies have shown that these 
factors may all result in wound hypoxia (Zederfelt and 
Hunt, 1970; Niinikoski et al., 1972; Heppinstal et al., 
1974), and therefore it seemed that this was an area in 
which oxygen therapy would be worthy of trial. In 
this study the healing of uncomplicated colonic 


anastomoses in rats was not measurably altered by the 
inhalation of increased oxygen tensions (Table ID, and 
oxygen therapy had no apparent effect on the healing 
of ischaemic anastomoses. Colonic ischaemia produced 
by deliberate devascularization has been used by Cohn 
and Rives (1965) to impair healing in the canine colon. 
We found a high incidence of anastomotic dehiscence 
and mortality after devascularization of the colon, but 
the incidence of these complications in test and control 
animals was similar (Table HD, and there was no 
significant difference in the measurements of colonic 
collagen and colonic bursting wall tension in test 
animals and controls (Table IV). It is possible that the 
colonic ischaemia which resulted from devasculariza- 
tion was too severe a test of any therapeutic effect of 
hyperoxia. It should be noted, however, that anasto- 
motic dehiscence occurred in less than half of the control 
animals in this study (Table IH), and a preliminary 
investigation revealed that lesser degrees of de- 
vascularization were not associated with any measur- 
able incidence of anastomotic complications. 

The present study has demonstrated that a single 
mode of oxygen therapy had no apparent effect on the 
healing of uncomplicated and of ischaemic wounds in 
rats. It is conceivable that different results may be 
obtained with other modes of oxygen therapy, in 
different types of wounds or in a different species of 
laboratory animal. Meanwhile, the clinical potential of 
oxygen therapy in the management of wound healing 
remains uncertain, and we believe that further studies 
are required to determine whether or not such therapy 
has a rational basis. 
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Gas gangrene and related infection: classification, 
clinical features and aetiology, management 


and mortality. A report of 88 cases 
S5. G. DARKE, ANN M. KING AND W. K. SLACK#* 


SUMMARY 

The clinical features of gas gangrene and related 
infection seen in 88 patients over a 10-year period are 
described. It is suggested that clostridial infection 
could be simply classified as either ‘gas-forming’ or ‘non- 
gas-forming’. The gas-forming group represents the 
more severe form of infection, Non-clostridial gas 
gangrene may present in a variety of forms, The 
anaerobic streptococcus was the organism most 
frequently responsible, but these cases were indistinguish- 
able from clostridial infection on clinical grounds. 

The treatment of gas gangrene in this series of 
patients is reported. Emphasis is laid on the importance 
of adequate prophylaxis with penicillin in patients at 
risk. The value of antibiotics in established infection 
remains equivocal. The evidence supporting the value of 
hyperbaric oxygen therapy is assessed and an attempt 
made to quantify the response to this treatment. 
Benefit was apparent in only a proportion of patients. A 
favourable response indicated clostridial infection and 
guaranteed immediate survival. Extensive débridement 
or amputation is unnecessary in this group. No response 
following hyperbaric oxygen therapy indicated wide- 
spread mixed clostridial and non-clostridial infection, 
or infection due to organisms other than clostridia. 
Urgent and extensive débridement and amputation 
remain the predominant measures in this group. 


In the 10 years between 1964 and 1973, 88 patients 
with gas gangrene or related infection have been 
treated at the Regional Hyperbaric Oxygen Unit, 
Whipps Cross Hospital, London. The number of cases 
now available for study provides a larger series than 
that previously reported from this centre (Slack et al., 
1969). 


Patients 
Of the 88 cases, two-thirds were transferred from other 
hospitals and the remaining cases were either admitted 
directly or occurred while under treatment at Whipps 
Cross Hospital itself. They were principally referred 
for hyperbaric oxygen therapy with suspected 
clostridial infection because of cutaneous gangrene, 
tissue gas formation or the isolation of pathogenic 
clostridia from the wound culture. The cases fell into 
two main categories: 

1. Clostridial infection: All these patients presented 
with infection and had a positive culture of pathogenic 
clostridia from the wound or blood. Gas formation 
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Fig. 1. Distribution of patients according to type of infection 
and incidence of gas formation. 
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Table I: INITIATING FACTORS IN GAS GANGRENE#* 


Total Amputa- 
No. tion 
of for Ent. 
Type of infection cases ischaemia Tr. surg. Sp. Other 
Clostridial 35 22 5 3 I 2 
gas-forming 
Clostridial non- 23 6 1] 4 ü 2 
gas-forming 
Non-clostridial 22 4 4 H 13 «= 
Total 80 32 20 10 14 4 


Tr., trauma; Int. surg., intestinal surgery: Sp., spontaneous. 
* Uterine infection excluded. 


demonstrable either by the elicitation of crepitus or on 
radiological examination may or may not have been 
present. Where appropriate, infections with evidence 
of gas formation are analysed separately from those 
without evidence of gas formation. Cases in which 
clostridia were cultured from otherwise healthy 
wounds are not included. 

2. Non-clostridial infection: This group includes 
patients with infection, spreading gangrene and usually 
gas formation demonstrable clinically or radiologically 
in whom no pathogenic clostridia were identified. 

Fig. 1 illustrates the number of patients in each 
group and the incidence of gas formation. 


Aetiology 
Table I summarizes the factors initiating infection — 
excluding those arising in the uterus. There were 8 


* Department of Surgery, and Regional Hyperbaric Oxygen 
Unit, Whipps Cross Hospital, London. 
Present address of 8. G. Darke: The London Hospital. 


patients in the latter group and infection in all but one 
followed criminal abortion. The remaining case 
followed an otherwise uneventful Caesarean section. 
Because uterine infection represents a special aspect of 
gas gangrene, where appropriate it is treatedseparately. 

In the remaining 80 patients, amputation for 
ischaemia was the commonest antecedent factor (32 
patients), and this was due to atherosclerosis in all 
but 2 cases, in whom ischaemia followed arterial 
emboli. In 20 patients undergoing amputation for 
ischaemia (below-knee in 13 and above-knee in 7) 
gas-forming clostridial infection subsequently 
occurred. Two of these patients were fitted with 
immediate plaster prostheses. Trauma, the second 
commonest antecedent factor, appeared more likely 
to result in non-gas-forming clostridial infection, but 
this form of infection also occurred after amputation 
-in 3 cases after above-knee amputation and 3 
following below-knee amputation. In 12 of the 20 
post-trauma cases there was an associated long bone 
fracture. It was noticeable that where gas-forming 
clostridial infection did occur in this group, there had 
been considerable soft tissue crushing. 

Ten infections followed intestinal surgery and 14 
infections occurred spontaneously. Of the latter, all 
but one were non-clostridial. 


Prophylactic antibiotics 

No antibiotics were administered at the time of 
injury/surgery in 58 of the 66 patients subsequently 
developing clostridial infection. Seven received 
penicillin in small doses and 2 patients had tetra- 
cycline. The clostridia cultured from the latter cases 
were not sensitive to tetracycline. 


Incidence of coexistent diabetes 

Nine of the clostridial group (14 per cent) and 11 (50 
per cent) of the non-clostridial group suffered from 
coexistent diabetes. In 8 of the latter patients spon- 
taneous infection occurred in either the feet or the 
perineum. 


Site of infection 

Forty-one of the 66 clostridial infections (62 per cent) 
arose in the lower limb, compared with 11 (50 per cent) 
of the non-clostridial infections. The incidence of 
trunk involvement, however, was higher in non- 
clostridial infections (50 per cent) than in clostridial 
infections, where there were 22 cases (33 per cent). 
There were 2 clostridial infections in the arm, one in 
the orbit and one in the pharynx following total 
pharyngo-oesophagectomy. 

Clinical features 

Age and sex distribution | 

The ages of the patients varied between 10 and 90 
years. The mean age for clostridial infection was 52 
years (no difference between gas-forming and non-gas- 
forming) and for non-clostridial infection 56 years. 
The sex ratio of males to females was 2:5.: 1. 
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Table Hi: INCIDENCE OF JAUNDICE AND URAEMIA 
IN GAS GANGRENE AND RELATED INFECTIONS 


Total 
No. of 
Type of infection cases Jaundice Uraemia 
Clostridial gas-forming 35 9 8 
Clostridial non-gas-forming 23 i i 
Clostridial uterine 8 4 4 
Non-clostridial 22 2 3 


Time interval between initiating factor and appearance 
of infection 

This period varied between less than 24 hours and up 
to 28 days. Uterine infection tended to be the most 
rapid in onset, with a mean of under 3 days. At other 
sites clostridial infection with gas formation appeared 
more quickly (mean 4 days) than non-gas-forming 
infection (mean 9 days). In non-clostridial infection 
the mean onset was $ days after the initiating incident. 


Temperature and pulse rate 

The findings were similar in clostridial and non- 
clostridial infections. At the time of diagnosis the 
temperature varied from 35 to 40 °C (mean 38-5 °C). 
The mean pulse rate was 125/min. 


General features 

Fig. 2 shows the general clinical features and it can be 
seen that clostridial infection without gas formation 
has a less noticeable effect than the gas-forming 
variety. Gas-forming clostridial infection and non- 
clostridial infection are similar in severity ofsymptoms. 
Hypotension was seen in only 3 patients, all of whom 
had a gas-forming infection. 

Uterine infections are not included in Fig. 2. These 
patients have been reported in detail elsewhere (Darke, 
1976), but in summary the patients were uniformly 
toxic and drowsy with severe pain and lower abdo- 
minal tenderness, and as a group represented the most 
consistently florid form of infection. However, gas 
formation was detected in only 2. 


Jaundice and uraemia 

Table IT summarizes the incidence of jaundice (due to 
haemolysis) and uraemia in each category of infection. 
The highest incidence (50 per cent) of both jaundice 
and uraemia was seen in uterine infection. Of the 
remainder, it is noticeable that patients with non-gas- 
forming clostridial infection are virtually spared these 
complications, whereas the incidence of both is over 
20 per cent in gas-forming clostridial infection. 


Bacteriological findings 

Clostridial infection: Clostridium perfringens was the 
organism responsible in all but 2 cases. The remaining 
2 cases were due to unidentified clostridia. Additional 
organisms were also recovered from the wound swab 
in 37 of the 66 patients, and the majority of these were 
mixed faecal organisms. Positive blood cultures for 
clostridia were present in only 3 patients and 2 of 
these were uterine infections. 
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Fig. 2. Clinical features in the different types of infection. 
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Non-clostridial infection: In 9 of the 22 patients 
infection was attributable to anaerobic streptococci 
and in 3 it was due to Escherichia coli. Mixed growths 
were present in 8 of these patients. In the remaining 
10 patients no gas-forming organism was identified 
in spite of repeated cultures. However, in 5 of these 
patients antibiotics had previously been administered. 


Treatment 

The treatment of gas gangrene and related infection 
is based upon general resuscitative measures (Slack 
et al., 1969) and specific therapy which consists of 
antibiotics, surgical débridement and hyperbaric 
oxygen therapy. These three aspects will be con- 
sidered separately. Anti-toxin was not used in view of 
the widely held opinion that it is of equivocable 
therapeutic value (Altemeier, 1966; Hitchcock and 
du Toit, 1966; Slack et al., 1969; Leading Article, 
1972). 


Antibiotic therapy in established infection 

Parenteral penicillin in a minimum dose of 1 Mu. 
4-hourly was administered to all the patients except 3 
with penicillin sensitivity who received either erythro- 
mycin or lincomycin. In addition, broad spectrum 
antibiotics were given to cover associated Gram- 
negative infection. All the clostridia and anaerobic 
streptococci cultured were sensitive to penicillin. 
Other antibiotics were used as indicated by sub- 
sequent culture and sensitivity reports. 


Surgical débridement 

An initial débridement, usually under general anaes- 
thesia, was performed immediately following the first 
treatment with hyperbaric oxygen. The débridement 
varied from drainage and excision of obviously non- 
viable tissue to radical amputation. Further surgery 
was subsequently employed when necessary. 
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Gas-forming clostridial infection: Twelve of the 13 
cases that followed below-knee amputation required 
above-knee amputation. Of the 7 patients with 
infection following initial above-knee amputation, 
higher amputation was required in 5, no further 
surgery was necessary in one and in one advanced case 
disarticulation through the hip was performed. 
There were 5 legs in which gas-forming clostridial 
infection developed following trauma. Two were 
amputated above the knee and one required dis- 
articulation through the hip. In 2 limbs, local drainage 
alone was employed. One of these required extensive 
plastic surgery subsequently. Half of the 22 patients 
with gas gangrene in the abdominal wall required skin 
grafting after recovery. 
Non-gas-forming clostridial infection: All 3 below-knee 
amputations which became infected required sub- 
sequent above-knee amputation. Three cases followed 
above-knee amputation but in none was further 
amputation necessary. 
Clostridial uterine infection: All these patients were 
treated by simple evacuation of the uterus except one, 
in whom hysterectomy was performed after apparent 
recovery and return to the referring hospital. 
Non-clostridial infection: Above-knee amputation was 
necessary in 9 of the 11 cases of infection in the lower 
limb. The remaining 2 patients had coexistent 
diabetes and in these, amputation was restricted to the 
toes and metacarpals. In the 11 infections involving 
the trunk and perineum, extensive soft tissue débride- 
ment with subsequent skin grafting was required. 


Hyperbaric oxygen therapy 

At the inception of the Hyperbaric Oxygen Unit at 
Whipps Cross Hospital, it was decided that all patients 
should receive treatment with hyperbaric oxygen 
irrespective of the category of infection. The protocol 
has been described elsewhere (Slack et al., 1969). 


Table HI: OUTCOME OF HYPERBARIC OXYGEN 
“THERAPY 


Effect of hyperbaric oxygen 


No. Immediate Steady No 
of improve- improve- improve- 
Type of infection cases ment ment ment 
Clostridial gas- 35 13 13 9 
forming 
Clostridial non-gas- 23 li il i 
forming 
Clostridial uterine 8 5 2 i 
Total clostridial 66 29 26 li 
Non-clostridial ]2* 0 4 8 


* Nine cases due to 
E. coli. 


anaerobic streptococci; 3 cases due to 


Table IV: MORTALITY 


Mortality 
due to 
overwhelming Overall 
No. of infection mortality 
Type of infection cases No. % No. VA 
Clostridial gas- 35 4 li g 40 
forming 
Clostridial non-gas- 23 0 Q 5 22 
forming 
Clostridial uterine 8 i 13 1 12-5 
Total clostridial 66 5 8 20 30 
Non-clostridiai 22 6 27 8 30 


Briefly, repeated treatments of 14-2 hours were given 
in a single person chamber at 250kPa (24 atm) 
pressure. 

It was our practice to treat all patients with a single 
hyperbaric oxygen treatment as soon as possible after 
preliminary resuscitation and before surgical inter- 
vention. This was followed by between eight and 
twelve further treatments of hyperbaric oxygen, giving 
a total exposure of 15-20 hours over 7 days. In 
individual patients, however, therapy varied between 
only one treatment, when death or other factors 
intervened, to a maximum treatment of between 20 
and 30 hours in 90-120-minute cycles. 

The decision to terminate hyperbaric oxygen treat- 
ment was guided by a number of factors. In general, 
it was continued until the general state of the patient 
was satisfactory and the wound was healing, gas-free 
and clear of pathogenic organisms on culture. In 6 
patients treatment was stopped prematurely at the 
request of the patient, who found it disturbing. There 
were eight episodes of convulsions attributable to 
oxygen toxicity. All but one were controlled satis- 
factorily, but in this case convulsions persisted and the 
patient died 2 hours after decompression. This patient 
was severely toxaemic and infection was due to an 
anaerobic streptococcus. 


Outcome of hyperbaric oxygen therapy 

Each patient was assessed for improvement in general 
condition, temperature and pulse rate, toxicity, level 
of consciousness, jaundice and pain and local signs. 
From these observations it is possible to classify 
progress into three groups: 
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1. An immediate clinical improvement following 
the first hyperbaric oxygen therapy treatment. 

2. A steady clinical improvement following con- 
secutive treatments. 

3. No improvement. 

Table IlI summarizes the results of this analysis. 


Gas-forming clostridial infection 

Thirteen of the 35 patients showed an immediate 
improvement and a further 13 showed a steady gradual 
improvement. Nine patients showed no improvement 
and 4 of these patients died from overwhelming 
toxaemia. Although there was no clinical improve- 
ment, all 9 received at least 5 hours’ hyperbaric oxygen 
therapy. When improvement did occur, this was 
delayed until after radical surgery. 


Non-gas-forming clostridial infection 

Eleven of the 23 patients with non-gas-forming 
infection showed an immediate improvement follow- 
ing the first treatment. A further 11 showed steady 
progress after consecutive treatments. Only one 
patient showed no apparent benefit from hyperbaric 
oxygen therapy. 


Clostridial uterine infection 

Five of the 8 patients with clostridial uterine infection 
immediately improved following the first treatment 
with hyperbaric oxygen. One died with overwhelming 
toxaemia although receiving 4 hours of hyperbaric 
oxygen therapy, and the remaining 2 showed steady 
improvement following repeated exposures. 


Non-clostridial infection 

Only the patients in whom the causative organism was 
isolated are considered here (9 due to anaerobic 
streptococci and 3 due to €E. coli). None showed 
any clinical improvement after the first hyperbaric 
oxygen treatment and only 4 improved following 
consecutive treatments. In 8 patients no response was 
seen. 


Mortality 

An analysis of the mortality in patients under study 
appears in Table IV. This has been divided into deaths 
directly or predominantly attributed to infection and 
an overall hospital mortality including those dying 
subsequently from intercurrent illness, such as cardiac 
infarction and cerebrovascular accidents, and associ- 
ated debilitating disease. 


Gas-forming clostridial infection 

Although only 4 of the 35 patients with gas-forming 
clostridial infection died from what was attributed to 
overwhelming infection, 14 eventually succumbed. 


Non-gas-forming clostridial infection 
There were no deaths attributable to non-gas-forming 
clostridial infection, but 5 patients subsequently died 
as a result of associated conditions. 
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Closiridial uterine infection 
One case died from overwhelming toxaemia. 


Non-clostridial infection 

Eight of the 22 patients eventually succumbed: 4 of 
those who died suffered from coexistent diabetes. Six 
of the 8 deaths can be ascribed to overwhelming 
toxaemia, and in 2 of these the causative organism 
was an anaerobic streptococcus. Three of the 6 patients 
with spontaneous scrotal gangrene (Fournier’s 
gangrene) died. 


Factors influencing survival 

Response to hyperbaric oxygen therapy 

All the patients with clostridial infection who died 
from overwhelming toxaemia showed no apparent 
benefit from hyperbaric oxygen therapy. All but one 
had gas formation, and all exhibited widespread 
infection arising in the thigh or trunk. In every case 
wound cultures revealed mixed growths, with both 
clostridia and facultative aerobic organisms. All the 
‘pure’ clostridial infections showed some benefit from 
hyperbaric oxygen, and none died. 


Associated diabetes 

Of the 66 patients with clostridial infection, there were 
19 with coexistent diabetes. Six of these patients died 
(31 per cent) compared with 32 per cent of the non- 
diabetic patients. Diabetes did not, therefore, influence 
the outcome. 


Uraemia 

This complication indicated a gloomy prognosis, 50 
per cent of the 18 patients with renal failure ultimately 
succumbing. Of those who survived, one regained 
renal function spontaneously, 2 recovered with 
peritoneal dialysis and one required haemodialysis. 
In comparison, in those without renal failure, the 
overall mortality was 29 per cent. 


Jaundice 

Three of the 4 cases of gas-forming clostridial infection 
who died from overwhelming toxaemic sepsis were 
jaundiced. Nine cases with associated jaundice 
recovered. 


Discussion 


Incidence 

Gas gangrene attributable to clostridial infection is 
uncommon in a civilian population. The 66 cases 
reported here were seen over a 10-year period, and 
two-thirds were referred from a wide area. Other 
authors have reported a comparable incidence 
(Colwill and Maudsley, 1968; Bourke et al., 1972: 
Jackson and Waddell, 1973), and Parker (1969) 
collected a total of 85 cases occurring over 2 years in 
Great Britain as a whole. In Holland 130 cases were 
seen over a 10-year period from a population of 15 
million (Roding et al., 1972). The incidence, therefore, 
is less than 0-1 per 100.000 population per annum. 


The ratio of gas gangrene due to clostridial 
organisms as opposed to non-clostridial organisms in 
this study was 3:1. However, our figures may be 
biased, for the role of hyperbaric oxygen in non- 
clostridial infection is less well defined and such 
patients may not have been referred to this centre. 


Classification 

Clostridial infection: Simple contamination of opens 
wounds with potentially pathogenic clostridial organ- 
isms has been known to be a common occurrence 
for some time, but in the vast majority of cases it is of 
no practical significance (Wilson, 1960; Gye et al., 
1961). MacLennan (1943) described contamination 
of this sort in 20-30 per cent of wounds studied in the 
Middle East during the Second World War. However, 
true localized infection may occur and this has been 
variously termed in the past ‘welch abscess’, ‘clos- 
tridial dominant wound infection’ and ‘clostridial 
wound infection’. As this form of infection is distin- 
guished and readily recognizable by the absence of 
tissue gas formation, we have chosen to call this ‘non- 
gas-forming’ clostridial infection. 

Classic early descriptions of gas-forming clostridial 
infection laid emphasis on the distinction between 
clostridial cellulitis and clostridial myonecrosis 
(Qvist, 1941; MacLennan, 1943). Clostridial cellulitis, 
which is more common than true clostridial myo- 
necrosis, represents a mild form of the disease. 
Although crepitus is more marked, gas formation and 
infection are excluded from the muscle and confined to 
the fascial planes and tissues already rendered necrotic, 
due to either trauma or ischaemia. The onset is relatively 
slow, and pain, oedema and toxaemiaareless marked. It 
is the invasion of healthy muscle that denotes the more 
rare clostridial myonecrosis with its more serious con- 
notations. Whether clostridial cellulitis may progress 
to true clostridial myonecrosis remains in doubt 
(MacLennan, 1962), Bornstein et al. (1964) described 
clostridial cellulitis as ‘an annoying gas-forming 
saprophytic digestion of devitalized tissue’ and myo- 
necrosis as ‘an aggressive, incredibly toxaemic, lethal 
infection’. They emphasized that the distinction is of 
practical importance in order to avoid unnecessarily 
extensive débridement and amputation. Hitchcock et 
al. (1967) claimed to be able to distinguish three degrees 
of infection which they called ‘spreading diffuse 
myositis’, ‘localized myositis’ and ‘cellulitis’. The 
differentiation was on the rapidity of spread and the 
intensity of systemic toxaemia. 

MacLennan (1962) described a further group: that 
of ‘infected vascular gangrene’ which is a more 
benign form of disease to which Bornstein et al. (1964) 
also drew attention. The infection is confined to areas 
of tissue previously rendered necrotic secondary to 
peripheral! vascular disease. Generally, toxaemia is not 
marked and the infection remains in one area. 

These distinctions are based on clinical assessment 
and in this retrospective study it was rarely possible to 
recognize the various types. In an uncommon disease 






Praxilene 


vasoactivator 


PARENTERAL 
















la UR a det ae er Ae et 
a, a, Oe ® a 9. 0 oh p02? a? oho? 8 9h ett 
we oP et oe ete 5 a8 gh oo at ata? 28 4? Ge ne 


è 


RELIEVES REST PAIN 


__ @ndperipheral, 
ischaemic disorders 


Praxilene flushes out pain-producing metabolites. 
A Praxilene stimulates tissue respiration; 
regulating oxidative metabolites, 
\ pyruvate, lactate, atp, bradykinin. 
S\Praxilene is therefore of value in 
`a the full spectrum of peripheral disorders 

\ from rest pain, trophic ulcers and night cramps 


7 Ae intermittent claudication. CO) 


a naftidrofuryl: available as 
40mg ampoules and 100mg capsules. 










Full prescribing information and dosage schedule on request 


Lipha (uk) 
West Drayton Middlesex 
Telephone: West Drayton 49331/2 LIP 29 


an emerging problem... 3 


Piece te ce 







“Bacteroides species are often overlooked as a “Our results confirm that clindamycin is the drug 
cause of serious infection both by clinicians and of choice as suggested by the in vitro studies of 


microbiologists. They are most commonly asso- Ingham, et al. (1968), Kislak, (1972), and the re- 
ciated with intra-abdominal and pelvic sepsis fol- port of Tracy, et al. (1972).” 

lowing gastrointestinal surgery.” 

Brit. med. J. (1972). 7:280. Brit. med. J. (1973). 2:212. 


Dalacin C Phosphate S.S. 


anew solution 


I.M. injection or I.V. infusion achieves prompt and high peak 
serum levels of active clindamycin 


well tolerated locally and systemically following I.M. injections or 
I.V. infusion 


Availability: Dalacin C Phosphate Sterile Solution — Each ml. contains clindamycin phosphate 
equivalent to clindamycin 150 mg.,in 2 ml. and 4 ml. ampoules. 


Full product information available on request. 
[ PRODUCT OF 


Upjohn 


ANTIBIOTIC 
RESEARCH 


786 REGISTERED TRADEMARK: DALACIN UK 6957.13 


UPJOHN LIMITED 
CRAWLEY + WEST SUSSEX 


xvi Br. J. Surg. Vol. 64: February 1977 


becoming more rare, the experience of any one 
*clinician is likely to be sporadic and the differentiation 
difficult. It is, therefore, simpler and of more value to 
divide clostridial infection into ‘gas-forming’ and ‘non- 
gas-forming’. The differences between these two 
conditions are considered further below. 
Neon-clostridial infection: Within the group of 22 
patients reported here various syndromes and cases 
„with features in common emerged. Gas formation 
was present in all but 2 cases (see below). In 10 no 
causative organism was found and it is likely that 
some of these were, in fact, clostridial, the organism 
being masked by previous antibiotic therapy. In the 
12 patients in whom a causative organism was 
identified, anaerobic streptococci were predominant 
(9 patients). Spontaneous scrotal gangrene developed 
in 6 patients in the manner first described by Fournier 
(1884). In 4 of these cases gas formation was present, 
and the causative organism was an anaerobic strepto- 
coccus in 3, Æ. coli in 2 and unidentified in 1. A 
higher proportion of diabetic cases was seen in non- 
clostridial infection (50 per cent) than in clostridial 
infection (14 per cent). Although no particular 
organism was dominant in the diabetic patients, they 
appear to be particularly prone to spontaneous 
infection (8 of the 11 cases studied). 

Recognizable among this group were examples of 
necrotizing fasciitis and progressive dermal gangrene, 
which has recently been comprehensively described and 
reviewed by Ledingham and Tehrani (1975). Two of 
the patients in this series have been reported pre- 
viously (Brightmore, 1972). 


Clinical features 

Gas-forming clostridial infection was most frequently 
encountered following amputation for peripheral 
vascular disease, as was found by other authors 
(Parker, 1969; Brightmore, 1972). Although some 
cases followed trauma, this was not the commonest 
factor, as found by Roding et al. (1972) and Jackson 
and Waddell (1973). Intestinal surgery was the least 
common initiating factor. 

Suspicion of this condition should be aroused when 
severe pain is experienced in a wound. This is accom- 
panied by toxaemia, drowsiness, fever and tachycardia. 
Examination reveals an intensely tender, oedematous 
wound with sweet- or foul-smelling discharge. Gas 
formation, if not evident by the presence of crepitis, 
may be demonstrated by radiographic examination. 
The overlying skin may be either frankly gangrenous 
or erythematous, occasionally with a coppery hue and 
bullous formation. In the florid case jaundice and 
renal failure follow. 

MacLennan (1962) reported certain clinical features 
whereby clostridial myositis, streptococcal myositis, 
infected vascular gangrene and ‘anaerobic cellulitis’ 
could be distinguished. This study is unable to confirm 
this view. Gas gangrene due to clostridial and non- 
clostridial organisms was indistinguishable on clinical 
grounds. 
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Differences between gas-forming and non-gas-forming 
clostridial infection 

There is a significant difference between the incidence 
of toxicity (P<0-01) and severe pain and tenderness 
(P<0-01) in gas-forming as opposed to non-gas- 
forming clostridial infection. The mortality rate in 
gas-forming infection is considerably higher. Clostri- 
dial uterine infection appears to be an exception to 
this rule. Gas formation was demonstrated in only 2 
cases, but this group of patients presented the most 
florid form of the disease with rapid onset, profound 
toxaemia and a 50 per cent incidence of associated 
jaundice and renal failure. Possibly the deep situation 
of the infection reduces the chance of demonstrating 
gas either clinically or radiologically. 

What factors determine whether clostridial infection 
remains localized, less severe and non-crepitant or 
invades tissue to produce severe toxaemia with 
associated gas formation? The presence of dead 
muscle traditionally has been cited as the critical factor 
(Colwill and Maudsley, 1968), and certainly in the 
present series a large proportion of cases followed 
amputation for peripheral vascular disease in the gas- 
forming group. Non-gas-forming infection was more 
usually preceded by trauma in which severe soft tissue 
damage was not a feature. Parker (1969) endorsed this 
view by showing that amputation of a limb for 
peripheral vascular disease was more likely to result 
in gas-forming infection, whereas other operations 
tended to result in ‘wound infection’. The mean time 
interval between the initiating incident and the 
appearance of non-gas-forming infection was 9 days, 
compared with a mean of 4} days in gas-forming 
infection (significant difference, P< 0-05). From this 
it seems unlikely that with a longer interval before 
treatment, non-gas-forming infection will become gas- 
forming. 

One other factor worthy of note was the incidence 
of diabetes mellitus. Eight of the 35 patients developing 
gas-forming clostridial infection were diabetic, where- 
as only one patient with non-gas-forming clostridial 
infection suffered from co-existent diabetes. Gas 
gangrene due to non-clostridial organisms in the 
diabetic is well recognized (Kahn, 1974). 

The relative incidence of gas-forming and non-gas- 
forming clostridial infections in the present series is 
interesting, as gas-forming clostridial infection was 
more common. Bornstein et al. (1964) found only 11 
instances of clostridial myonecrosis and cellulitis in a 
series including 144 cases of ‘clostridial wound in- 
fection’. However, the high proportion of referred cases 
in the present series might well have introduced bias. 


Treatment 

The management of anaerobic infection depends upon 
general resuscitative measures and specific therapy, 
namely antibiotics, surgery and hyperbaric oxygen 
therapy. The value of antibiotics is considered 
separately, but surgery and hyperbaric oxygen therapy 
appear to be closely linked. 
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Antibiotics 

Prophylactic: The majority of the patients developing 
clostridial infection in this series received no prophy- 
lactic penicillin at the time of the initiating incident. 
These data substantiate other circumstantial evidence 
(Parker, 1969; Unsworth, 1973) that adequate prophy- 
laxis at the time of injury or amputation for peripheral 
vascular disease will greatly reduce the incidence of 
clostridial infection. Indeed, after the routine intro- 
duction of this policy in battle casualties in Vietnam, 
the incidence dropped significantly (Knight, 1972; 
Unsworth, 1973). This opinion is further supported 
by animal! experiments (Irvin et al., 1968). 

Small doses of penicillin, however, were not 
invariably protective, and clostridial infection occurred 
in one patient as late as 4 weeks after amputation. 
Therefore prophylaxis must be in adequate dosage 
and be continued until healing is complete. 
Antibiotics in established infection: Anaerobic infection 
occurs in an anoxic and therefore ischaemic area of 
tissue which antibiotics penetrate poorly. It is probably 
for this reason that the use of antibiotics in established 
infection is of questionable value. This applies to both 
clostridial (Roding et al. 1972; Demello et al., 1973) 
and non-clostridial infections (Schreiner et al., 1974). 
The introduction of penicillin in the latter part of the 
Second World War provided an excellent opportunity 
to evaluate its role, but the evidence was inconclusive 
(Jeffrey and Thompson, 1944; Gledhill, 1945; Langley 
and Winklestein, 1945; Macfarlane, 1945; Paterson 
et al, 1945). This question, therefore, remains 
unanswered, and certainly Roding et al. (1972) have 
successfully treated clostridial infections without the 
use of antibiotic therapy. However, we feel that in the 
presence of a potentially lethal infection all possible 
forms of therapy should be employed. Furthermore, 
infection is often mixed and benefit may be derived 
from chemotherapy directed at associated organisms. 
Surgery and hyperbaric oxygen therapy: That hyper- 
baric oxygen therapy might be of value in treating 
anaerobic infection was suggested by Brummelkamp 
et al. in 1961. Since then, a considerable amount of 
data has been published on this subject, particularly 
with regard to clostridial infection. The rationale for 
the use of hyperbaric oxygen therapy is well docu- 
mented, but its exact mode of action is unknown. 

Most studies of in vitro and in vive experimental 
clostridial infection have demonstrated some benefit 
from hyperbaric oxygen therapy (Brummelkamp et 
al, 1961, 1963; Glover and Mendelson, 1964; 
Nuckolls and Osterhout, 1964; Sevcik and Vymola, 
1964: Fredette, 1965; Van Unwick, 1965; Hunt et al., 
1966; Kaye, 1967; Demello et al., 1973; Holland et al., 
1975), but this is not uniformly true (Nora et al., 1966; 
Irvin et al., 1968). Some investigators have found 
benefit provided that hyperbaric oxygen therapy is 
given early (Kelly and Pace, 1963; Hill and Osterhout, 
1966: Kaye, 1967). 

Clostridial gas gangrene in man is a rare and 
potentially fatal condition. These factors make a 


clinical trial both impractical and unethical. Therefore 
assessments of the value of hyperbaric oxygen therapy’ 
are subjective and uncontrolled, but generally 
enthusiastic (Van Zyl et al., 1966: Hitchcock et al., 
1967; Slack et al., 1969; Bourke et al., 1972; Maudsley 
and Auden, 1972; Roding et al., 1972; Jackson and 
Waddell, 1973; Unsworth, 1973; Holland et al., 1975). 
However, the mortality in these series and that reported 
here is no better than that in the patients of Altemeier, 
and Fuller (1971) in whom no hyperbaric oxygen 
therapy was used, or, indeed, of large series reported 
from the Second World War (Jeffrey and Thompson, 
1944; Gledhill, 1945; Langley and Winkelstein, 1945). 
Although no two series are necessarily comparable, 
there is no evidence to show that the mortality in 
clostridial infection is reduced by hyperbaric oxygen 
therapy. Roding et al. (1972) stated that with the 
introduction of hyperbaric oxygen therapy, the need 
for amputation and débridement is substantially 
reduced. Our experience is that although amputa- 
tion may be avoided in post-traumatic cases (the 
predominant cause in the former series), higher 
amputation was almost invariably necessary in cases 
following amputation for peripheral vascular disease. 
Trunk involvement required massive débridement. 

Those with experience in the treatment of clostridial 
infection with hyperbaric oxygen therapy will undoubt- 
edly have witnessed the remarkable improvement in 
the clinical state that may follow the first exposure 
and it is reasonable to ascribe this to the treatment. In 
this study we have attempted to quantify this apparent 
response, accepting the limitations that this is an 
uncontrolled retrospective study and that any clinical 
improvement in the patient’s condition could have 
been due to other factors. A failure to show improve- 
ment, of course, does not necessarily imply that the 
hyperbaric oxygen is of no benefit. Certain features 
have emerged from this study: 

I. Immediate clinical improvement following the 
first hyperbaric oxygen treatment was seen only in 
clostridial infection and all pure clostridial infections 
showed some benefit. The value of hyperbaric oxygen 
therapy in non-clostridial anaerobic infection is poorly 
documented, although reports have suggested some 
benefit in in vitre anaerobic streptococcal studies 
(Fredette, 1966), in bacteroides infection (Schreiner et 
al., 1974), and in Meleney’s gangrene in man (Moor 
et al., 1964; Irvin and Smith, 1968). Gas-forming 
infection due to E. coli has not been found to respond 
to hyperbaric oxygen therapy (Hedstrom, 1975). The 
9 patients with anaerobic streptococcal infection 
reported here showed no improvement, and where 
clostridial infection failed to improve, additional 
organisms were found in wound cultures. Although 
these patients do not represent a true control group, 
these data provide circumstantial evidence that hyper- 
baric oxygen therapy is of benefit in pure clostridial 
infections. 

2. A rapid improvement in the clinical state 
following the first hyperbaric oxygen treatment 


removed the immediate risk of death from over- 
whelming toxaemia. Urgent and extensive surgery 
under these favourable circumstances is both un- 
warranted and unnecessary, and it is amongst this 
group (about one-third of patients) that limb salvage 
might be attributed to hyperbaric oxygen therapy. 

3. Regrettably, not all the patients showed such an 
immediate response. These were cases of either 
advanced and mixed infection of both clostridial and 
facultative aerobic organisms or non-clostridial 
infections. Both these groups carry a high risk of 
death from overwhelming toxaemia, which has been 
noted by others with respect to clostridial infection 
(Holland et al., 1975). Under these circumstances, 
urgent and extensive surgery is likely to offer the best 
chance of survival, and in our view remains the most 
important treatment. 
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Ultrasound and amoebic liver abscess 


F., R. VICARY, G. CUSICK, I. M. SHIRLEY AND R. J. BLACKWELL* 


SUMMARY 

-Eight of 12 patients referred to an ultrasound clinic were 
eventually found to have a liver abscess. All 8 abscesses 
were confirmed positively by ultrasonic examination. 
Using ultrasound, an amoebic abscess can be accurately 
located within the liver and the optimal site for needling 
suggested to the clinician. Ultrasound is an accurate, 
non-invasive, diagnostic aid in this condition. 


Amoesic liver abscess is a common differential 
diagnosis in febrile patients returning from the tropics. 
Until recently, satisfactory means of confirmation of 
diagnosis were limited. 

If an abscess was thought to be present, a particular 
difficulty was the problem of choosing the optimal 
angle for insertion of an aspirating needle. Often 
several attempts at aspiration had to be made and even 
then, success was not guaranteed (DeBakey and 
Jordan, 1969). 

Twelve patients in whom a clinical diagnosis of 
amoebic liver abscess had been made were referred to 
an ultrasound clinic. These patients are described and 
the use of ultrasound in confirmation of the clinical 
diagnosis is outlined. A technique for accurate 
localization and subsequent aspiration of the abscess 
is described. 


Methods 

The patients were scanned subcostally using a Nuclear 
Enterprises Diasonograph NE4102 or a Unirad 
(Denver, Colorado) grey-scale scanner. The abdomen 
was prepared with arachis oil to permit good trans- 
mission of sound, and the liver was scanned with 
subcostal sector sweeps in parasagittal planes at I-cm 
intervals (McCarthy et al., 1967). 

The position of the midline was located (by running 
a probe between the xiphisternum and umbilicus). Ifa 
defect suggesting an abscess was found, its size was 
estimated in three planes at right angles to each other. 
Its exact location in the liver was determined by 
calculating the distances from the midline of the 
abdomen to the medial and lateral borders of the 
abscess. 

The abdomen was then scanned transversely at 
2-cm intervals from the umbilicus to the xiphisternum. 
The location of the abscess was again measured by 
calculating the distances from the level of the 
umbilicus to the superior and inferior borders of the 
abscess. A mark was made on the skin in the anterior 
axillary line at which the abscess was most accessible 
and thus most easy to aspirate. The angle at which the 


needle should be pointed and the depth of the abscess 
were noted. The exact location of this mark was noted 
on the report in case it should be accidentally 
obliterated. 

Most patients also had for additional confirmation 
an isotope scan within 24 hours of the ultrasound 
scan. This was performed using intravenous To” 
sulphur colloid (Lunia et al., 1974). 

Liver function tests (bilirubin, alkaline phosphatase 
and SGOT) were performed, as were other haema- 
tological investigations. 


Patients 

The first 12 patients referred to the ultrasound clinic 
in whom there was a suspicion of an amoebic liver 
abscess are presented. They were referred by con- 
sultant physicians and surgeons from University 
College Hospital and the Hospital for Tropical 
Diseases. The patients were either acutely ill, with 
fever, or had had a suspected abscess diagnosed 
abroad and been treated with metronidazole. Regions 
of domicile included East and West Africa, South 
America, India and the Middle East. 


Results 

Of the 12 patients seen, 8 were judged to have an 
amoebic liver abscess, either by dramatic response to 
metronidazole or by aspiration of pus from the liver. 
In these 8 patients an abscess cavity was successfully 
detected by ultrasound (Fig. 1). The three-dimensional 
size of the cavity was estimated and a point marked on 
the skin as described above. In 2 of the patients 
aspiration of pus was deemed to be clinically necessary 
and pus was obtained on needling at the site indicated 
ultrasonically in both patients. 

Six of the 8 patients were acutely ill and undiagnosed 
at the time of presentation. Five of the 6 patients had a 
neutrophil count of between 10 and 15 x 10°/litre and 
all 6 had a temperature above 36:9 °C. All had a high 
right diaphragm on plain chest X-ray, as did both 
patients who had already been treated for an’abscess. 
Two of the 6 acutely ill patients repeatedly had 
negative tests for amoebic fluorescent antibodies. In 
only one patient were routine liver function tests of 
bilirubin, SGOT or alkaline phosphatase abnormal. 

A defect on the Tc™ liver scan was reported in 7 of 
the 8 patients in whom an abscess was found ultra- 
sonically. All the patients had a dramatic response to 
treatment with metronidazole 400 mg t.d.s. 
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Fig. 1. Parasagittal scan of the right hypochondrium 5 cm to the right of the midline, showing skin (S), diaphragm (D), 


liver (L) and abscess cavity (A). 


Discussion 

Most of the patients demonstrated the classic symptoms 
and signs of an amoebic liver abscess. Especially 
prominent were the features of fever and a tender liver. 
Lamont and Poole (1958), in a review of a large series, 
suggested five criteria for the diagnosis of amoebic 
liver abscess. These were an enlarged tender liver, 
suggestive haematological findings, suggestive radio- 
logical findings, response to specific anti-amoebic 
therapy and demonstration of amoebic pus. 

Our findings correlate closely but point to the lack of 
help provided by routine biochemical liver function 
tests. Many investigative techniques have been 
suggested for the diagnosis of hepatic abscess including 
injection of oils or iodized oil into the cavity (Theron, 
1947). Hepatography after pneumoperitoneum has 
been used with success by some workers (Lal, 1950). 
The ultrasonic technique described here gives more 
accurate definition and location of abscesses than these 
methods. 
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Mechanical suture methods in thoracic 


and abdominal surgery 
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SUMMARY 

Mechanical suturing procedures on the bowel, lung, 
bronchi and pulmonary vessels have been used on 264 
occasions in 180 thoracic and abdominal operations. 
The instruments proved simple to use and produced 
reliable good quality closures, for the most part without 
manual reinforcement. There were 2 technical failures, 
one ending fatally, after colo-celostomy. Two minor 
postoperative suture leaks were encountered in 122 
operations on the alimentary tract, but no leakage or 
other problem has arisen in 58 pulmonary cases. 

The staple-suturing methods described are safe and 
straightforward, and it is believed that they represent 
a significant advance in the techniques of thoracic and 
abdominal surgery, which can usefully be applied in 
many situations. 


SURGERY benefits from secure suture expeditiously 
performed, and equally from the reduction to a 
minimum of bacterial contamination, trauma and 
bleeding. Mechanical aids, more or less elaborate, 
have been devised from time to time in pursuit of 
these ends, but generally have not proved good 
enough to displace the mainly manual techniques of 
operative work. Thus much ingenuity had been ex- 
pended on devices for anastomosis by the turn of the 
century. Moynihan (1906), however, would have none 
of them, and in a memorable paragraph wrote: ‘the 
day of the mechanical aid is over. The buttons and 
the bobbins, the elastic ligatures and the forceps of 
many forms have now no more than historical 
interest.’ Very little attention has been paid in this 
country since to the development of mechanical 
suture methods. 

The instruments reported on here, 70 years after 
Moynihan’s strictures, owe much to original Russian 
design carried out at the Scientific Research Institute 
of Experimental Surgical Apparatus and Instruments 
set up in Moscow in 1951. These instruments depend 
on the mechanical insertion of fine staples; it is now 
apparent that the metal staple affords a good alter- 
_ native to the suture made with the venerable needle 
and some form of thread. Staples can be inserted by 
mechanical means both precisely and rapidly to form 
suture lines of a regularity and evenness hard to 
match by manual suture. Their only obvious dis- 
advantage is increased cost. 

American-made versions of the original Russian 
designs have been the mechanical suture instruments 
that we have used; Ravitch and his colleagues have 
advocated their use for some years now, and have 


given detailed descriptions of their technical appli- 
cation (Ravitch et al., 1966; Ravitch and Rivarola, 
1966; Ravitch and Steichen, 1972; Steichen and 
Ravitch, 1973). Gritsman (1966), from Russian experi- 
ence with mechanical suture in 1663 patients having 
gastric operations, reported a mortality of 3-6 per 
cent for cancer and | per cent for ulcer—levels well 
below those which had been obtained by manual 
methods. Latimer et al. (1975) summarized the details 
of 874 American patients having gastro-intestinal 
stapling procedures; the mortality associated with 
stapling was 2 deaths (0-23 per cent), while compli- 
cations, including leaks, bleeding and stomal dysfunc- 
tion, were also few, occurring in 4-8 per cent of 
patients. 

This report presents our experience with a family 
of the autosuturing instruments made by the United 
States Surgical Corporation, New York, in both 
thoracic and abdominal surgery. We have used them 
in 180 operations and found them efficient, quick 
and easy to apply. The few complications encoun- 
tered cannot be ascribed to any mechanical fault. 


Equipment 

The instruments used are the three TA stapling 
clamps, the GIA anastomosing instrument and the © 
LDS ligaturing device. 


The TA stapling clamps 
These three similar instruments, known as the TA 30, 
TA 55 and TA 90, are occlusion clamps which apply 
a double row of staggered staples to close the con- 
tained tissues. The clamps are selected according to 
the width of closure required, up to 31-5, 53-0 and 
91-5 mm respectively. The fine metal staples are pre- 
packed in coloured sterile disposable cartridges, which 
are easily loaded into the instruments (Fig. 1). Staple 
size can be selected by the colour of the cartridge to 
give a tissue closure thickness of 1-0, 1-5 or 20 mm 
for the TA 30, and of the last two thicknesses for the 
TA 55 and TA 90. 

The TA clamps are shown as prepared for use in 
Fig. 2. 


The GIA anastomosing instrument 

The GIA is illustrated in Fig. 3. This instrument 
places two double rows of staples and divides the 
tissue between them. It is designed primarily to 
fashion side-to-side gastro-intestinal anastomoses. 


* The Royal Infirmary, Glasgow. 
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Fig. 1. The TA 90 instrument showing the disposable 
staple cartridge (above) and anvil plate (be/ow) partially 
inserted into the clamp jaws. 
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Fig. 2. The TA 55 (left) with the clamp jaws open and the 
guide markings on the handle offset at the arrow. 

The TA 90 (right) with the jaws closed by the wing nut to 
the correct aperture as shown by the aligned guide marks 
at the arrow. 





ta s $ 
r PE te ho ae 





my 


Fig. 3. The GIA with blades loaded and partially closed. 
The centimetre scale on the upper blade allows easy 
variation in the length of anastomosis. 





Only one staple size is available, giving a closure 
thickness of 1-75 mm. When the two blades are in- 
serted through small punctures into adjacent loops 





Fig. 4. Models showing, on the left, the type of staple 
closures resulting from the use of the TA instruments, or of 
the GIA when used to transect. On the right, the anasto- 
mosis produced by the GIA is shown; in this cross-section 
the wall of the upper tube has been opened out to show 
the stapled anastomosis. 





Fig. 5. The LDS with a disposable cartidge removed from 
the nose. The tape on the right has been divided by the 
machine and the wire ligatures applied. 


of bowel, activation results in the formation of a 
stoma between the loops, the holes through which 
the blades were introduced being closed separately. 

Alternatively, the two blades may be applied across 
the bowel; on activation the bowel is cleanly divided, 
leaving two securely closed ends exactly like those 
obtained with the TA clamps, so avoiding any possi- 
bility of spilling bowel contents. This versatility of 
the GIA for anastomosis or division makes it uniquely 
valuable in gastro-intestinal work. 

The types of closure obtained are illustrated by 
the models in Fig. 4; after division alongside the 
clamp, all layers are exposed and everted. There is 
no crushing of the stapled tissues, which retain their 
viability and some blood supply between the stag- 
gered staples. This often leads to a little oozing of 
blood from the cut surface, which, however, usually 
quickly stops spontaneously. 


The LDS ligaturing instrument 

The LDS ligaturing device is illustrated in Fig. 5. It 
divides small vascular bundles which are caught in 
the hooked end, for example segments of omentum 
during clearance of the curvatures of the stomach, 


first placing two wire ligatures and then dividing the 
bundle between them. When the disposable ligature 
cartridge is empty, though the knife remains, a safety 
locking device prevents the instrument from being 
inadvertently fired again. 

We have reserved the LDS for the specific task of 
quickly clearing omentum from stomach or bowel. 
Unfortunately, we have not found it suitable for de- 
nervating the lesser curvature of the stomach, the 
hooked end being rather too large to permit ligation 
sufficiently close to the gastric wall. 


Applications in thoracic surgery 

The major problem facing thoracic surgeons was, 
and indeed remains, the secure closure of the bron- 
chus. When Graham performed his first successful 
pneumonectomy in 1933 he closed the bronchus with 
a ligature (Graham and Singer, 1933). Previously, 
attempts to deal with the lung pedicle by tourniquet 
were unsuccessful. Afterwards it was the accepted 
practice to close the bronchus with interrupted sutures. 
This method is time-consuming, carries the risk of 
contamination and is sometimes insecure, leading to 
bronchopleural fistula. These difficulties are removed 
by the use of the TA 30. The green cartridge with 
staples of 4-8 mm is used for closure of the main 
bronchus, and the blue cartridge with staples of 
3-5 mm for lobectomy. The TA 30 also provides an 
easy and safe method of closing the pulmonary artery 
or the pulmonary vein, although in the latter case 
adventitious tissue should be left in situ; the white 
cartridge with staples of 2:5 mm is correct. Local 
resection of the lung and lung biopsy are easily per- 
formed using the GIA instrument, with no bleeding 
or contamination and leaving a secure closure of 
parenchyma and minor bronchi. Lingular biopsy, for 
example, is very rapidly performed by this method. 
Apical resection for spontaneous pneumothorax 
due to apical bullae is easily and safely carried 
out. Once the bullae have been located, the GIA 
instrument is used to resect the affected area of 
parenchyma. 


Cases and results 

Since 1972 staple-suturing techniques have been used 
during thoracic operations in 67 patients. No special 
selection of cases was made. Both male and female 
patients were included and their ages ranged from 
28 to 82 years. The patients suffered from bronchial 
carcinoma (35), chronic pulmonary infection (7), 
haemothorax (1), recurrent pneumothorax (15), 
benign oesophageal stricture (3), oesophageal carci- 
noma (5) and gastric carcinoma (1). 

Each of these 67 patients had a single operation 
during which staple-suturing was used. The total 
number of staple-suturing procedures in this group 
of patients was 76 (Table 1). No complications were 
noted arising from the use of the staple-suturing 
instruments and there were no postoperative 
deaths. 
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Table 1: THORACIC STAPLING PROCEDURES 
No. of No. of 
Type of operation operations stapling procedures 
Pulmonary resection 43 52" 
Excision of bullae 15 15 
Ocsophagectomy 7 7 
Oesophagoijejunostomy 2 2 
Total 67 76 


* Bronchial closures 43, pulmonary tissue closures 4 and 
pulmonary artery closures 5. 
There were no complications of the stapling procedures, 


Applications in abdominal surgery 

In operating on the gastro-intestinal tract, mobiliza- 
tion of the bowel does not commonly introduce major 
hazards, other than ensuring the retention of a 
sufficient blood supply. The important problems of 
contamination by bowel contents, and of subsequent 
leakage and bleeding from anastomoses or closed 
bowel ends, arise mainly when it becomes necessary 
to divide, anastomose or close bowel. The very precise 
way in which staples are inserted leads to sound 
closures with minimal risk of contamination, and to 
secure haemostasis and anastomosis without crushing 
of tissues. Besides being precise, mechanical suture 
with staples is quickly done, with saving of operating 
time, especially when multiple anastomoses are required. 

Although these instruments are valuable for closing 
bowel and making side-to-side anastomoses, they 
seem to us ill-suited to end-to-end anastomosis, and 
we have not attempted the triangulation technique 
described by Ravitch and Steichen (1972). 

With regard to side-to-side anastomosis, we have 
encountered no complication either early or late 
which can be ascribed to the use of staple-suturing. 
In the case of deeply placed anastomoses, the GIA 
method offers the advantage that access to the whole 
of the anastomotic area is not essential. With two 
loops of bowel lying comfortably together, it is only 
necessary to have access to the more superficial part 
of the junction, through which to insert the blades. 
The deeper part needs no external access, since the 
blades lie entirely within the bowel. 

It is important to appreciate that stapled anasto- 
moses will not withstand traction without risk of 
dehiscence, and must not on any account be carried © 
out under tension. It is sometimes desirable to add a 
few supporting sutures if any undue drag from the 
weight of the intestine is anticipated, but generally 
this is not necessary. 

In the case of the bowel there is another feature of 
the everted cut end which is of importance, namely 
that all layers including the mucosa are exposed. It 
has become a principle of abdominal surgery, forma- 
lized by Lembert in 1826, that cut bowel ends should 
be inverted and peritonized. This is normally un- 
necessary with stapled closures. To accept this involves 
a break with established surgical procedure, but we 
have experienced no complication from it and believe 
that this change is valid. 
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Fig. 6. Billroth II stapling technique. a, The stomach and 
duodenum are mobilized as required. The duodenum is 
closed and divided by the GIA (or TA 55). The TA 90 closes 
the proximal stomach. 6, The corner of the stapled stomach 
closure is cut away from the greater curve to allow insertion 
of one blade of the GIA. c, The other blade of the GIA is 
inserted through a stab incision into the selected loop of 
jejunum, and with the two viscera lying comfortably opposed, 
the instrument is clamped and fired to produce the 
anastomosis. The residual defect at the site ef insertion is 
closed manually. 





a b 


Fig. 7. Right hemicolectomy technique. a, after mobilization 
and division of the mesentery the GIA (fired twice) transects 
the ileum and colon, leaving all ends sealed. b, Continuity 
may be restored as shown by inserting the GIA through 
separate stab incisions in the bowel to form a simple lateral 
(subterminal) anastomosis. Alternatively, the staples may be 
cut away at one corner of each bowel closure to allow the 
GIA to be inserted and fired. The ileum and colon should be 
rotated 90° before applying the GIA, so that the mesentery 
does not interfere with the anastomosis. 


Figs. 6, 7 and 8 indicate methods that we have 
adopted for gastrectomy, right hemicolectomy and 
Roux-en-Y loops, respectively. 


Cases and results 

Staple-suturing techniques have been used during 
abdominal operations on the gastro-intestinal tract 
in 113 patients since 1972. No special selection of 
cases was made. Both male and female patients were 
included and their ages ranged from 20 to 86 years. 
The patients suffered from a variety of conditions: 
duodenal ulcer (56), benign gastric ulcer (12), gastric 
carcinoma (16), carcinoma of colon (23), postgastrec- 
tomy syndrome (2) and single cases of non-specific 
colitis, carcinoma of the head of the pancreas, Crohn’s 
disease and hiatus hernia. There were 3 postoperative 






Fig. 8. Roux-en-Y stapling technique. After preparation of 
the mesentery (a) the GIA transects the jejunum, closing 
both ends (+), The distal end is then free for use. The closed 
proximal end is brought alongside the base of the loop and a 
lateral anastomosis formed using the GIA (c). 


Table IE: ABDOMINAL STAPLING PROCEDURES 


No. of No. of 
No, of stapling complications 

Type of operation operations procedures of stapling 
Gastro-enterostomy 65 65 0 
Gastrectomy 19 49 2 
Roux loop 5 14 0 
Colon resection 20 56 l 
Colon bypass 4 4 1# 

Total 113 188 4 


e 


* Fatal leak. 


Table HI: COMPLICATIONS OF 188 ABDOMINAL 
STAPLING PROCEDURES 


No. of 
Complications Operation patients 
Operative suture failure Duodenal closure ! 
Colo-colostomy ps 
Postoperative suture leak 
Early (minor) Duodenal closure I 
Late (minor) Heocolic anastomosis I 


* Fatal leak. 


deaths, of which one only was the result of staple- 
suturing. The remaining 2 followed emergency opera- 
tions for severe haematemesis and perforated duodenal 
ulcer with peritonitis. 

Each of these 113 patients had a single operation 
during which staple suturing was used. The total 
number of staple-suturing procedures in these patients 
was 188 (Table IT). 

In these 188 stapling procedures we encountered 
2 postoperative complications related to the use of 
the instruments (Table HD. These were in the form 
of suture leaks, and neither was of any significance. 
In one patient in whom the duodenal stump had been 
closed using the TA 55 instrument, a minor biliary 
leakage was noted between the fourth and eighth post- 
operative days. In another patient a small faecal 


fistula developed 1 month after a right hemicolectomy 
for carcinoma. This problem followed a period of 
constipation and the fistula dried up within 3 days 
when normal bowel action had been restored. It was 
felt at the time of operation that the final bowel 
closure using the TA 55 instrument had not over- 
lapped the original colon closure and two silk stitches 
had been added and the anastomosis covered with 
omentum. 

In addition to these 2 postoperative incidents, 
there were 2 intra-operative failures; both resulted 
from misuse of the apparatus and were very evident 
at the time of operation. One did not give rise to 
postoperative trouble; in this patient during gastrec- 
tomy the duodenal stump slipped from the TA 55 
clamp after transection. This happened on the first 
attempted use of that instrument and resulted from 
the bowel being transected before the staples had 
been fired. The second technical misuse ‘concerned 
the GIA instrument when used to perform a colo- 
colostomy to bypass an inoperable carcinoma of the 
sigmoid colon in a patient of 80 years. The anasto- 
mosis was attempted under what proved to be some 
tension at a site difficult to reach, with the result that 
when the staples were fired and the clamp released 
the two sections of colon simply tore apart. This left 
a situation where a manual anastomosis had to be 
performed under very difficult circumstances, which 
ultimately led to the patient’s death from peritonitis, 
the only death related to the use of staple-suturing. 
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The influence of penicillin on experimental wound 
contamination with staphylococci: studies with 
chromic catgut and monofilament nylon closure 
C.J. MCCULLOUGH, M. H. WHEELER, M. L. NEALE 


AND G. E. HEARD* 


SUMMARY 

This study examines the ability of penicillin to eradicate 
or modify the pattern of infection in experimental 
wounds contaminated with Staphylococcus pyogenes in 
the presence of chromic catgut or monofilament nylon 
suture. Penicillin therapy initiated within 4 days of the 
onset of infection was successful in eradicating infection 
when compared with untreated controls (P<0-01). 
Infection was modified but not eradicated if penicillin 


was administered from the seventh day. The response of 


infection to penicillin was identical in wounds containing 
monofilament nylon or chromic catgut ever a 21-day 
period. Antibiotics given before wound drainage 
permitted healing of all chronically infected wounds 
even in the presence of monofilament nylon. When 
antibiotics were begun at the time of drainage, wound 
healing occurred in 50 per cent (P<0-01). 


THe effectiveness of prophylactic antibiotics in 
preventing experimental wound infection has been 
well established (Burke, 1961), even in the presence of 
non-absorbable suture materials (Alexander and 
Altemeier, 1965; Lindenauer et al., 1967). In clinical 
practice the surgeon is often faced with wound 
infection that becomes apparent in the postoperative 
period, and the present study examines the ability of 
penicillin therapy, initiated at specified intervals 
following wound contamination, to modify or 
eradicate staphylococcal infection in standard experi- 
mental wounds closed with either monofilament nylon 
or chromic catgut. 

Over 80 per cent of infected wounds in which silk 
was present developed sinuses (Shouldice et al., 1961). 
If monofilament non-absorbable sutures are used in 
the presence of infection the risk of sinus formation is 
much reduced. However, in a clinical series more than 
6 per cent of infected wounds closed with nylon 
developed sinuses (Everett, 1970); a similar percentage 
was observed in experimental wounds closed with 
monofilament polypropylene (Usher et al., 1962). The 
role of penicillin in promoting healing of chronically 
infected wounds in the presence of monofilament 
nylon is also assessed in the present study. 


Materials and methods 

Albino rats weighing about 200 g each were used. The 
rat was chosen as the experimental animal because it 
does not exhibit toxicity to penicilin. 


Experimental wound 

Under ether anaesthesia a 5-cm longitudinal incision 
was made on the dorsum of the animal. The wound 
was closed in layers as follows: a continuous suture to 
the paravertebral muscles, a continuous suture to the 
panniculus carnosus and six metal clips to the skin. 
Just before completion of the panniculus carnosus 
layer, a plastic cannula was inserted into the space 
between the two muscle layers so that it protruded 
through the distal end of the wound. After the 
insertion of the skin clips a known quantity of bacteria 
could be introduced through the cannula, which was 
then removed. The wound was treated with a clear 
plastic spray (Hibispray 4, Aviex Ltd). The metal 
clips were removed on the seventh postoperative day. 
A 10-cm length of suture material was inserted in 
each layer of the wound. The sutures used were either 
chromic catgut BP (W 754, Ethicon Ltd) or Ethilon 
monofilament polyamide (W 739, Ethicon Ltd), both 
being gauge 1/0. 


Bacteriology and experimental infection 

A strain of coagulase-positive penicillin-sensitive 
Staph. pyogenes was used, this organism being most 
frequently responsible for surgical wound infection 
(Todd, 1968). It was found that 3 ml of a nutrient 
broth suspension of 1x10’ organisms/m! gave 
reproducible experimental infections. The average 
viable count from all suspensions used was 187+ 
0-58 x 10’ organisms/ml. Swabs taken from infected 
wounds were plated out on to nutrient agar, blood 
agar and MacConkey’s agar. The coagulase reaction 
was measured on the staphylococci isolated and their 
antibiotic sensitivity pattern determined. 

The wounds were infected at the time of closure 
(day 0). On the seventh postoperative day, small 
abscesses (0O-5cm) had formed around the suture 
knots, but on the twenty-first day abscesses of 2~3 cm 
in length had formed between the two muscle layers. 
Histological examination of the muscle surrounding 
the distal suture knot revealed an acute inflammatory 
exudative response on the first day, with the appear- 
ance of granulation tissue and pus formation on the 
fourth day. These changes had become more florid on 
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Penicillin and experimental wound contamination 


the seventh day, and on the twenty-first day a chronic 
abscess had formed. 


Antibiotics 

Penicillin was used in the form of Penidural-AP (John 
Wyeth & Brother Ltd) which contains 400 000 units 
benzathine penicillin, 200 000 units procaine penicillin 
and 200 000 units benzylpenicillin per ml. Penicillin 
blood levels were determined in the rat by the plate 
diffusion method after the intramuscular injection of 
0-6 ml/kg body weight (Table J). The minimum inhibi- 
tory concentration for a penicillin-sensitive Staph. 
pyogenes is 0-06-0-12 u./ml (Weinstein, 1970). In the 
following experiments 0-2 ml of Penidural-AP has 
been given by intramuscular injection every 24 hours. 


Wound infection studies 

Experiment |: Thirty-six rats were infected at the time 
of operation. Eighteen received antibiotics pro- 
phylactically at the time of infection and daily for 
6 days, whilst the remaining 18 acted as controls. The 
animals were killed on the seventh postoperative day. 
Wound closure was with either nylon or catgut used 
alone or in combination (Table ID. The ability of 
prophylactic penicillin to prevent the onset of infection 
in contaminated wounds closed with either chromic 
catgut or monofilament nylon could thus be assessed. 
Experiment 2: Seventy-eight rats were used as shown 
in Fig. 1. All the rats were infected at the time of 
operation. Twenty-four (group A) acted as controls 
and did not receive antibiotics. Forty-two received a 


Time after 

wound contamination | 78 rats N 

Day 0 Ya inte b 
pos > `~ 










Abscess | drainage 


No drainage 
No antibiotics 


Wound exploration 











antibiotics 


Fig. 1. Plan of experiment 2. * One rat died. 


Table Ti: TREATMENT AND RESULTS IN EXPERIMENT 
" No, of 
Group Suture rats Antibiotics 
a Nylon 6 Days 0-6 
Chromic catgut 6 
Nylon -+chromic catgut 6 
b Nylon No 


6 
Chronic catgut 6 
Nylon +-chromic catgut 6 


10 


No post-drainage 
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Table I: PENICILLIN BLOOD LEVELS IN RATS* 
Time after injection 


Rat th 4h 24 h 48h 
i 21-6 20 1-66 0 
2 18-34 = jos a 
3 t 11-6 0-83 t 
4 ł 15 0-83 f 
5 i 3-34 = oe 
6 f 63 1-2 t 
7 i 7-64. ae as 
8 t 76 1-2 ł 


* Following intramuscular injection of 0-6 mi/kg body 
weight of Penidural-AP. Results given in u./ml. 

t Not done. 

t Died following cardiac puncture for blood sample. 


14-day course of intramuscular penicillin, beginning 
on the first, fourth or seventh postoperative day 


(groups B, C and D respectively). Wound closure was- 

with either monofilament nylon or chromic catgut as 
shown in Tables IH and IV. On the twenty-first day the ` 
animals were anaesthetized with ether and the wounds | 


explored. The presence of pus was noted, bacterio- 


logical swabs taken and the length of the abscess. 


cavity measured. If an intermuscular abscess was 
present it was incised and all pus removed with sterile 
gauze swabs. Chromic catgut suture was removed 
from the wound, but monofilament nylon was left 
in situ. The skin was approximated over the drained 
abscess cavity with three metal clips which were 
removed 7 days later. If on exploration the wounds 
were healed, the animals were killed (groups B and C). 










ery 


Antibiotics, $ee Table Ill 
days 7~20 


Results, 
see Table lV 





1 
Findings on day 7 
Macroscopic 
Wound culture appearance Histology 
Sterile Healed Healing wound 
Pure culture of 18 wounds, Acute abscesses 
Staph. pyogenes + abscesses 
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Table Wi: TREATMENT AND RESULTS ON DAY 21 IN EXPERIMENT 2 


Findings on day 21 


No. of Sinus 
Group Suture rats Antibiotics formation Wound culture 
A Nylon 12 No 2 11 pure culture of staph. (+ +9) 
I sinus contamination 
Catgut 12 I 11 pure culture of staph. (+ +) 
1 sinus contamination 
B Nylon 6 Days 1-14 No 12 sterile 
Caigut 6 
C Nylon 6 Days 4-17 No 12 sterile 
Catgut 6 
D Nylon 12 Days 7-20 2 2 sterile 
10 pure culture of staph. (+) 
Catgut 6 No 6 pure culture of staph. (+) 





+ 
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Macroscopic appearance 


12 wounds, + -+ abscesses 


12 wounds, +--+ -+- abscesses 


5 healed 

1 wound, +- abscess 

4 healed 

2 wounds, + abscesses 


4 healed 

2 wounds, + abscesses 

5 healed 

| wound, -+ abscesses 

1 healed 

3 wounds, -+ abscesses 

5 wounds, + + abscesses 

3 wounds, + + + abscesses 
2 wounds, + -+ abscesses 
4 wounds, -+--+ abscesses 
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Table IV: TREATMENT AND RESULTS ON DAY 35 IN EXPERIMENT 2 


No. Findings on day 35 
of Abscess Sinus 
Group Suture rats Antibiotics drainage formation Wound culture 
Al Nylon 6 Post-drainage, Day 21 No 10 sterile 
Catgut 6 day 21-34 2 pure culture of staph. (+) 
A2 Nylon 6 No Day 21 No 4 sterile 
Catgut ae 7 pure culture of staph. (5+) 
(2+ +) 
D Nylon 12 Pre-drainage Day 21 No 18 sterile 
Catgut 6 day 7-20 
E Nylon 6 No No 6 sinuses 8 pure culture of staph. (+ --) 
Catgut 6 4 contaminated 


Macroscopic appearance 


6 healed 
4 wounds, + abscesses 
2 wounds, +- abscesses 


4 healed 
5 wounds, + abscesses 
2 wounds, + + abscesses 


18 healed 


12 wounds, + -+ -+ abscesses 


* One rat died. 


Twelve rats (group E) did not receive antibiotics and 
their wounds were not drained. 

After abscess drainage the remaining 42 rats were 
observed for 2 weeks and their wounds re-explored on 
the thirty-fifth postoperative day. Twelve rats (group 
Al) were given a 14-day course of intramuscular 
penicillin beginning on day 21. It was thus possible to 
assess the ability of antibiotics given before wound 
drainage (group D) or following wound drainage 
(group Al) to effect wound healing by comparing 
these groups individually with wounds that had 
undergone drainage alone (group A2). Statistical 
analysis was performed using the y? test with Yates’ 
correction (Gray, 1971). 


Results 

In Tables H, HI and IV a heavy growth of Staph. 
pyogenes after 48-hour culture is represented as + + 
and a light growth as +. Abscess size is designated as 
+ (<1cm), ++ (-2cm) and + + + (2-3 cm). 


Experiment | 

The results are represented in Table 1. The animals 
that received prophylactic antibiotics (group a) had 
sterile healing wounds, whereas staphylococcal 
abscesses had formed around the suture knots in the 
control animals (group b). 


Experiment 2 

The results of wound exploration on the twenty-first 
day are shown in Table I, and on the thirty-fifth day 
in Table IV. Penicillin therapy initiated within 4 days 
of infection (groups B and C) was effective in eradicat- 
ing infection, as all the rats in these groups had sterile 
wounds at 21 days. This result is significant (P < 0-01} 
compared with the control animals (group A) all of 
which had extensive abscesses. If penicillin therapy 
was initiated on the seventh day (group D) the 
infection was modified at 21 days, in that the abscesses 
were reduced in size and yielded only a light growth of 
organisms, but wound healing did not occur. There 


was no difference in the response of infection to 
penicillin therapy in wounds closed with monofilament 
nylon or with chromic catgut over a 21-day period. On 
the thirty-fifth day (Table IV) the rats that had 
received pre-drainage antibiotics (group D) had 
healed wounds. All the chronic abscesses healed in the 
presence of monofilament nylon if antibiotics had been 
given before abscess drainage. Only 4 out of 11 
wounds had healed in the group that had drainage 
alone (group A2). Thus, pre-drainage penicillin 
significantly improved wound healing when compared 
with abscess drainage alone (P< 0-001). Six out of 12 
wounds had healed in the group that had received 
post-drainage antibiotics (group A1). Thus, penicillin 
administered following abscess drainage did not 
significantly improve wound healing when compared 
with abscess drainage alone (P < 0-9). 


Discussion 

This study has shown that penicillin therapy given 
prophylactically or within 4 days of wound contamina- 
tion is capable of eradicating severe staphylococcal 
infection in the presence of monofilament nylon or 
chromic catgut. If started on the seventh day, when 
histological examination of the wound revealed florid 
granulation tissue with some pus formation, the 
infection was only modified. This was important, 
however, because wound healing was significantly 
improved following subsequent abscess drainage if 
pre-drainage antibiotics had been given, presumably 
as a result of their ability to localize the infection. 
Antibiotics have been shown to be unable to effect 
healing in infected, granulating, full-thickness skin 
wounds in rats (Robson et al., 1974). In fact, anti- 
biotic levels could not be detected in the granulation 
tissue on analysis although adequate serum levels were 
obtained. Robson et al. (1974) have postulated that 
the fibrin base of a granulating wound appears to 
prevent the blood carrying antibiotic from penetrating 
the granulation tissue, In our study antibiotics did not 
improve wound healing when given following drainage 
of a chronic abscess. It is unlikely, therefore, that 
antibiotics would aid in the healing of chronic 
non-specific sinuses because granulation tissue is a 
prominent histological feature. 

Although it has been stated that suppuration in 
contaminated wounds occurs more readily in wounds 
closed with catgut than with silk (Shambaugh and 
Dunphy, 1937), the treatment of catgut with chromic 
acid has much reduced the inflammatory tissue 
reaction to it (Madsen, 1953). In sterile experimental 
wounds the initial exudative reaction to both mono- 
filament nylon and a chromic catgut was similar. 
Although at 2 weeks a marked exudative reaction 
occurred around catgut sutures, no such reaction was 
evident around nylon sutures (Postlethwaite et al., 
1959). The degree of enhancement of infection by a 
suture material roughly corresponds to the inflam- 
matory reaction elicited by it (James and MacLeod, 
1961). Other animal studies in which isolated lengths 
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of suture were placed subcutaneously have suggested 
that chromic catgut potentiates infection to a greater 
extent than does monofilament nylon (Edlich et al., 
1973; Varma et al., 1974). However, in our study the 
response of infection to penicillin therapy was similar 
in wounds closed with chromic catgut or with mono- 
filament nylon over a 21-day period. All the wounds 
closed with monofilament nylon that had received 
pre-drainage antibiotics were observed to heal 
following abscess drainage. It is concluded that 
monofilament nylon may safely be used in heavily 
contaminated wounds, though the essential role of 
antibiotics used prophylactically or early in the course 
of established infection in promoting wound healing 
must be stressed, 

The present study has been concerned with the 
effect of penicillin on staphylococcal wound con- 
tamination. Clearly, studies with coliform organisms 
could be expected to provide data more readily 
applicable to the problems of infection following 
gastro-intestinal surgery. 
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Parenteral nutrition in carcinoma of the oesophagus 


treated by surgery: nitrogen balance and clinical studies 
K. MOGHISSI, J. HORNSHAW, P. R. TEASDALE AND E. A. DAWES* 


SUMMARY 

Nitrogen balance studies and clinical observations were 
made on two groups of patients suffering from obstructive 
carcinoma of the oesophagus. 

In 10 patients (group A) parenteral nutrition with a 
high calorie and nitrogen content was given pre- and 
early postoperatively. Five patients (group B) received 
intravenous dextrose/saline solution pre- and post- 
operatively with no nitrogen supply. 

Patients in group A had a positive nitrogen balance 
before and after operation and had a satisfactory post- 
operative progress. The patients in group B had a 
negative nitrogen balance until the resumption of oral 
feeding and their postoperative progress was not as 
satisfactory as that of patients in group A. 


Since the original work of Cuthbertson (1930, 1932), 
Moore and Ball (1952) and Moore (1959), it has been 
well established that following trauma, including 
surgery, there is a ‘catabolic phase’ during which there 
is a temporary alteration in the metabolism as a whole, 
with an increase in the urinary output of nitrogen, 
resulting in a negative nitrogen balance. The reports 
of Abbott and Albertsen (1963), Johnston et al. (1966), 
Irving and Rushman (1971), Walker and Johnston 
(1971) and Johnston et al. (1972) have suggested that 
parenteral nutrition with a high calorie and nitrogen 
content can reduce, or even reverse, the negative 
nitrogen balance during the postoperative catabolic 
phase. 

Despite the wealth of information about the use of 
parenteral nutrition in surgery, we feel that there is a 
need for further work, particularly with regard to the 
following: 

1. Comparison of the nitrogen balance of patients 
receiving parenteral nutrition with those not receiving 
parenteral nutrition (i.e. a control group) but under- 
going similar operations for identical conditions. 

2. Correlation between the nitrogen balance and 
postoperative clinical progress of patients receiving 
parenteral nutrition. 

In this paper we present the results of our study of 
these two aspects of parenteral nutrition in patients 
with carcinoma of the oesophagus undergoing surgery. 


Patients and methods 

Patients with proved carcinoma of the oesophagus 
were selected for this study on the basis of operability 
and degree of dysphagia. Any patient whose dysphagia 
was not total or almost total was not selected, nor 
were patients whose carcinoma could not be resected. 


Furthermore, patients initially included in the study 
were excluded from it if they were found to have an 
unresectable growth. 

On admission patients were allocated alternately to 
group A and group B. The size of these groups was 
reduced during the course of the study as some patients 
were found to have an unresectable growth. On 
completion of the study the number of patients 
remaining was 15, with 10 in group A and 5 in group B. 

All the patients had operations consisting of 
excision of the growth together with the lymphatics, 
and reconstruction of the alimentary tract using the 
stomach or the jejunum. 

The management of the patients in groups A and B 
differed in that group A patients received an intra- 
venous diet richer in calories and nitrogen before and 
during the early postoperative phase. Group B 
patients did not receive such a diet and can therefore 
be regarded as a control group. 

The 10 patients in group A were managed as 
follows. For the first 24 hours of their admission to 
hospital they were given a similar diet to that they had 
been receiving at home. This was to allow a baseline 
nitrogen balance to be carried out. Thereafter they 
received the following daily intravenous régime for 
5-7 days before and for 6-7 days after surgery: fluid, 
water and electrolytes, 2-2-5 litres according to body 
weight; calories, 34-36 kcal/kg body weight; nitrogen, 
0-18-0-2 g/kg" body weight. This was achieved essen- 
tially by using a balanced volume of Aminosol 10°, 
Aminosol-Fructose-Ethanol, Intralipid 20%, dextrose 
and normal saline solution. On the seventh or eighth 
postoperative day oral feeding was usually resumed 
with a diet containing 35-40 kcal/kg body weight and 
0:18-0-2 g nitrogen kg body weight 24 h. 

The 5 patients in group B were managed as follows. 
For the first 24 hours they were maintained on a 
similar diet to that they had been receiving at home. 
Nitrogen balance studies were carried out as in group 
A patients for the purpose of providing a baseline. 
Thereafter they received the following daily intra- 
venous régime for 5-7 days before and 6-7 days after 
operation: fluid, water and electrolytes, 2-2-5 litres 
according to body weight; calories, 6 kcal/kg body 
weight, dextrose and normal saline solution; no 
nitrogen supply. On the sixth or seventh postoperative 
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Table I: PREOPERATIVE CLINICAL DATA 





Dysphagia Weight 
Duration loss General 
Patient Sex Age Grade (mth) (kg) condition 
Group A 
LB. M 355 HHY 5 12-13 J+ 0 
J. B. M 62 HWV 2 12 -+- Ü 
S.A. M 70 HHV 4 95 ebo 
G. E. M 49 IH-IY 4 9 
Tes: M 80 HIY 3 9 : 
G. W. M 60 INV 3 9 e: 
M. H. F 81 I-IV 3 6 $ 
Ch. W M 66 HHY 6 li 
J. H. M 3533 HJ-AY 4 6 a$ 
P.S. M 74 MAV 3 4 i 
Group B 
A.S. F 6i HIV 7 12 + Q 
T. M. M 60 M-IV 4 9 +- 
A. L. F 44 IHV 3 6 {4 -H 
Q.D F 60 HI 3 12 i.) 
M.R F 65 TH-EV 4 6 j te 
Table H: POSTOPERATIVE CLINICAL DATA 
Weight 
Wound Wound gain or loss* General 
Patient healing sepsis {kg) progress 
Group A 
J. B. ae 0 4-3 rie of. 
J. B. aes oe 0 -3 -F 
S. A. kot 0 +4 4- + 
i E. b f Q +i + 
T.S, b+ 0) +25 -$ +b 
G. W -+ Q 0 -i -d 
M. H. f- -t 0 4 § j 
Ch. W -~p -f Q 4] -fe of. 
J. H. ae a 0 -+ k 
P.S. bet 0 0 + 
Group B 
A. S. ej et 0 s5 Manche 
T. M. + ü 0 g 
A. L. -f + — 10 0 
Q. D. -f 0 ~~ 4 ~$- 
M. R. f- 0 —§ “he oe 





* Weight: differential from admission to discharge. 
See text for explanation of methods of recording results. 


day, when oral feeding was usually resumed, they 
were provided with a diet containing 35-40 kcal kgo? 
body weight 24 h and 0-18-0-2 g nitrogen kg~ body 
weight 24 h-t, 

In all the patients the following investigations were 
carried out. Daily nitrogen balance studies were 
carried out from admission to the day that normal 
feeding was resumed, then on the eleventh post- 
operative day and for one 24-hour period before 
discharge from hospital. Nitrogen balance was 
determined from the overall intake of nitrogen and 
the urinary nitrogen output. The latter was obtained 
by collecting a 24-hour sample of urine and using a 
micro-Kjeldahl-nesslerization technique. The nitrogen 
balance results were classified in five periods: 

Period I: On admission before intravenous therapy. 

Period If: One 24-hour period before operation. 

Period HI: Daily over 7 days following the opera- 
tion. 


Period IV: One 24-hour period on the eleventh post- 
operative day, when patients were receiving normal 
alimentary tract feeding. 

Period V: One 24-hour period before discharge 
from hospital. 

Clinical examinations were carried out on admission 
and frequently during hospitalization. The data re- 
corded were as follows: 

i. The severity of dysphagia on admission: this 
was graded empirically. Complete dysphagia was - 
taken as grade IV and dysphagia to solid food alone 
as grade 1; grades H and III were dysphagia to semi- 
solid and soft food (purée) respectively. 

2. Duration of dysphagia from its first appearance 
as noted and stated by the patient. 

3. Weight loss as estimated and stated by the 
patient. 

4. Weight of the patient on admission. 

5. The general condition of the patient on admission 
was recorded as good (+ +), fair (+) or poor (0), 
taking age into account. 

Postoperatively the patients were examined clin- 
ically every day and weighed on alternate days 
from the second or third postoperative day until 
discharge. Attention was paid to the wound healing, 
wound sepsis and chest and other infections, and the 
general progress of the patient was judged by clinical 
impression. For the purpose of recording the post- 
operative data the following methods were adopted. 

Healing of the surgical wounds was expected by the 
twelfth postoperative day (based on our experience 
that thoracotomy wounds are usually soundly healed 
within 10-12 days and skin stitches are removed on 
the eleventh or twelfth day). A patient with complete 
wound healing was graded + +. If the muscle layers 
were not healed the patient was graded +, and in the 
case of complete disruption, that is of all the layers 
including the intercostal layers, the patient received 
0 points. 

Wound sepsis was recorded when present. 

Overall weight gain or loss was calculated from 
the difference of the patient’s weight on admission and 
on discharge. 

The general progress of the patient during the whole 
of the postoperative phase as judged by clinical 
impression was noted as good (+ +), fair (+), poor 
(0) or bad (~). 


Results and discussion 

The preoperative clinical data of the patients in 
groups A and B are presented in Table J, In both groups 
the dysphagia was severe enough to require intra- 
venous therapy. 

In group A there were 9 males and 1 female, their 
ages ranging from 49 to 80 years (average 61) years. 
The duration of dysphagia was 2-5 months (average 
3-7 months), and during this time the loss of weight 
was 4-13 kg (average 8-8 kg). In group B there were 
4 females and 1 male, with an age range of 44-65 years 
(average 58 years). The duration of dysphagia was 
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Fig. 2. Nitrogen balance studies in group B. 


3-7 months (average 4-2 months), and during this dot. For every patient the nitrogen balance is 
time the loss of weight was 6-12 kg (average 9 kg). calculated in g nitrogen kg~! body weight 24 h~}, and 

Nitrogen balance studies in group A patients are recorded on the positive or negative side of the zero 
presented in Fig. 1. Each patient is represented by a line on the graph. The solid column on the figure 
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represents the mean nitrogen balance of all the 
patients in the group, The nitrogen balance of the 
patients in group B is presented in Fig. 2, using the 
same methods of recording as for group A. 

On admission all but 2 patients had a negative 
nitrogen balance; the 2 exceptions were in equilibrium. 
Preoperatively the group A patients reverted to a 
positive nitrogen balance after a period of parenteral 
feeding, whereas the patients in group B remained in a 
state of negative balance. 

During the early postoperative phase the majority 
of the group A patients remained in a state of positive 
nitrogen balance, even on the first and second post- 
operative days. By the seventh day all the patients in 
this group, with one exception, had a positive nitrogen 
balance. The mean nitrogen balance for the group 
over the postoperative period was always positive. In 
contrast the group B patients remained in negative 
nitrogen balance over the whole of the early post- 
operative period, with one exception on the seventh 
postoperative day, resulting in a mean negative 
nitrogen balance. 

The negative nitrogen balance and loss of weight on 
admission must be a reflection of starvation resulting 
from severe dysphagia. Moore (1959) expressed the 
view that the postoperative nitrogen catabolic phase 
is obligatory and cannot be controlled by nutritional 
measures. Our study indicates that the postoperative 
catabolic phase can be checked provided that sufficient 
calories and nitrogen are given both pre- and post- 
operatively. This supports the view of Abbott and 
Albertsen (1963) that the postoperative metabolic 
disturbance can be considerably decreased or even 
abolished by adequate nutrition. 

The positive nitrogen balance in the late post- 
operative period in both groups appears to be an ex- 
pression of termination of the catabolic phase coupled 
with sufficient nutritional intake, as at this time all 
the patients were receiving an adequate oral diet. 

The analysis of the clinical findings and their 
correlation with the nitrogen balance needs some 
preliminary comment. The criteria adopted pre- 
operatively for the degree of dysphagia, loss of weight 
and general condition suffer from unavoidable 
inaccuracies. We can only state that on admission all 
the patients had a severe obstruction of the oesophagus, 
some loss of weight and a concurrent negative nitrogen 
balance. 

The postoperative clinical data of the patients are 
presented in Table II. Postoperative scoring for the 
clinical progress of the patients was limited by the 
difficulty in finding objective criteria upon which 
quantitative analysis could be based. 

In group A patients wound healing was complete 
and uncomplicated. In contrast all but one patient in 
group B suffered from some degree of delayed healing. 
One patient in this group developed wound sepsis. 
Only one patient in group A lost weight: during 
hospitalization, whereas 4 out of 5 patients in group 
B had lost weight. The overall postoperative progress 


of patients in group A (as judged by clinical impression) 
was considered more satisfactory than that of the 
patients in group B. 


Conclusion 

This study of a limited number of patients with 
carcinoma of the oesophagus undergoing surgery 
indicates that on admission patients with severe 
dysphagia are generally in negative nitrogen balance. 

The patients receiving parenteral nutrition pre- 
and postoperatively can revert to a positive nitrogen 
balance during the whole of their pre- and post- 
operative course. Those not receiving parenteral 
nutrition can only revert to a positive balance during 
their anabolic phase and when oral feeding with appro- 
priate amounts of calories and nitrogen is resumed. 

There is some clinical benefit in patients receiving 
parenteral nutrition pre- and postoperatively, in that 
these patients have a smoother and a more satisfactory 
postoperative course as compared with patients not 
receiving parenteral nutrition. 

We feel that there is a correlation between the 
nitrogen balance and the clinical progress of patients 
with carcinoma of the oesophagus undergoing major 
surgery. 
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Protein turnover in patients before and after 
elective orthopaedic operations 
C. W. CRANE, D. PICOU, R. SMITH AND J. C. WATERLOW* 


SUMMARY 

Whole body protein turnover was measured in 11 
patients before and after elective orthopaedic operations 
by giving &N-glycine orally every 4 hours for 32 hours. 
The patients were maintained throughout on a constant 
protein intake. In 2 control subjects a comparison was 
made between intermittent dosage and continuous 
infusion of *N-glycine for the estimation of total protein 
turnover. With intermittent dosage the SN abundance 
in urinary urea reached a constant level after about 24 
hours. Rates of total protein synthesis and breakdown 
were calculated from the °N abundance at the plateau 
level. After surgery there was a moderate increase in 
urinary N output. The apparent N balance (intake — 

urinary N) was ~0:52+ 1:31 g/d (mean + s.d.) before 
operation and —7:-51%4-5 g/d after operation. The 
rate of protein synthesis fell from 3-83 + 073g kg d 
before operation to 294+ 083 g kg d-t after opera- 
tion. This difference is statistically significant (005 >P 
> 0-01). There was no significant change in the rate of 
protein breakdown. The possibility remains that a block 
in protein synthesis, probably mainly in muscle, may be 
partly responsible for the so-called ‘catabolic’ loss of 
nitrogen after injury, but this has not been proved. 


THE mechanisms underlying the loss of body nitrogen 
after trauma are poorly understood, but it has 
generally been assumed that increased catabolism of 
body tissue is the major factor involved. Recently this 
view has been challenged by O’Keefe et al. (1974), who 
estimated the rates of synthesis and breakdown of 
total body protein before and after surgery by a 
technique involving the intravenous infusion of 
“C-labelled leucine. They concluded that decreased 
protein synthesis rather than increased catabolism 
could account for the postoperative nitrogen losses 
of their patients. 

We report here the results of an investigation on 
11 patients before and after orthopaedic surgery, in 
whom total protein turnover was measured with 
183N-glycine by a modification of the method of Picou 
and Taylor-Roberts (1969). The validity of the 
assumptions underlying the method, particularly that 
of the homogeneity of the metabolic or precursor pool, 
is discussed elsewhere (Waterlow, 1969; Waterlow et 
al., 1977). In the earlier work the tracer was given by 
continuous intragastric or intravenous infusion. How- 
ever, in the present investigation we did not consider 
it justifiable to give two infusions within a short 
interval, before and after operation. Therefore the 
labelled glycine was given orally in equal doses every 


4 hours. Four control studies were also made on 2 
male volunteers to compare the results obtained by 
intermittent dosage with those of continuous infusion. 
A preliminary report of this work has been published 
elsewhere (Crane et al., 1971). 


Table I: DETAILS OF PATIENTS 


Weight 
preop. 
Patient Sex Age {kg) Operation 
1 M 52 74-8 ` McMurray osteotomy 
2 F 53 63-9 Right femoral osteotomy 
3 M 58 69-3 Right femoral osteotomy 
4 F 53 $8°5 Arthrodesis of right hip 
5 M 62 81:9 Right hip replacement 
6 F 20 51-9 Left Chiari osteotomy 
7* F 47 64-4 Right hip replacement 
8 M 61 77-4 Right hip replacement 
9 F 53 64-4 Right hip replacement 
10 F 65 64-8 Right femoral osteotomy 
ll F 20 52-5 Right Chiari osteotomy 


* Patient with severe rheumatoid arthritis receiving steroids. 


Subjects and methods 

Eleven patients underwent operations of comparable 
severity (Table I). Surgical orthopaedic patients were 
chosen for this investigation in order to eliminate as 
far as possible difficulties in postoperative feeding. 
The nature of the investigation was fully explained to 
each patient and free consent obtained. The patients 
were admitted for metabolic studies 1 week before 
surgery. 

On admission a careful dietary history was obtained 
and a diet similar to the patient’s usual diet at home 
was prescribed. From the morning after admission for 
the next 5 days the subjects received a constant intake 
of energy and protein, and all urine, but not faeces, 
was collected. All food items were weighed and 
corrections were made for portions of meals that 
were not consumed. The values for the protein and 
energy supplied by the food were calculated from 
tables (McCance and Widdowson, 1960). The patients 
were ambulatory during this preoperative period. The 
‘apparent N balance’ was calculated as the difference 
between N intake and urinary N output over the last 
48 hours of the 5-day study. On the morning of the 
third day after admission “N-glycine (34 or 95 atom 
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Tabie H: COMPARISON OF PROTEIN TURNOVER 

IN 2 NORMAL ADULTS WHEN “N-GLYCINE WAS 
ADMINISTERED BY CONTINUOUS INTRAGASTRIC 
INFUSION OR INTERMITTENTLY (4-HOURLY) BY 
MOUTH 


Subject A Subject B 
Int. Con, Int. Con. 
Body weight (kg) 64 64-5 85 85 
N balance (g/d) 0-6 ~~ 9-2 ~~ GS — 43 
Duration of plateau DASE ayaa A ae: 
(hours from start of 36-40 20-32 24-32 26-32 
dosage) 
°% of ON excreted in 
urea at plateau 32°3 21°5 28-3 20-8 
Urea N excretion 
(mg kg h`!) 9-2 7:2 76 S+1 
O (mg kg? ho?) 28-6 33-5 26:7 24-4 
S (mg kg? h) 17-8 245 16-8 17:8 
S {g protein kg@~? d3) 2-67 3-68 2°52 2:67 


* Intermediate samples lost. 

Int., Intermittent dosage; Con., continuous dosage. 

Q, N flux; S, rate of protein synthesis. For methods of 
calculation see text 


Table HI: MEAN PLATEAU VALUES FOR N 
ABUNDANCE IN 2 NORMAL ADULTS DURING 
CONTINUOUS OR INTERMITTENT DOSAGE OF 
SN-GLYCINE 


Subject A Subject B 


Int. Con. Int. Con. 
iN in urinary urea N 0-106 0-081 0-120 0-126 
SN in urinary ammonia 0-166 0113 ° 0179 0-193 
N in plasma urea N se 0-074 s 0-110 


Int., Intermittent dosage; Con., continuous dosage. 
Results given as SN atom °% excess. 


per cent excess) contained in milk was administered 
4-hourly in 8 equal doses to a total of 1 mg “N/kg 
body weight. Meals were eaten at the times when 
N-glycine was given. On the morning after operation 
the studies were repeated and apparent N balance was 
measured for the first 2 postoperative days. Intakes of 
protein and energy before and after operation were the 
same in 5 subjects, while in 6 the mean postoperative 
intake was 70 per cent of that during the preoperative 
period. 

The 2 control subjects were investigated in the same 
way except that the constant diet in each case was 
given for 3 days before starting the tracer. The subjects 
were ambulant throughout. Several weeks later in 2 
further experiments each subject received for 32 hours 
a continuous intragastric infusion of liquidized food 
containing N-glycine. The same amounts of protein 
and of ¥N were given per 24 hours as in the initial 
experiments. 

The calculations and assumptions that are used in 
this method of measuring total protein synthesis and 
breakdown have been published previously (Picou and 
Taylor-Roberts, 1969). They are based on a two pool 
model originally used by Sprinson and Rittenberg 
(1949) which postulates a homogeneous free amino 
acid pool (the ‘metabolic’ pool) and a single protein 
pool. The justification for this greatly over-simplified 


approach is discussed in detail elsewhere (Waterlow 
et al., 1977). If the size of the metabolic pool remains 
constant, then the rates of N flux into and out of the 
pool are equal, and one can write: 


Q = S+Ep= B+, (1) 


where Q is the flux of amino N, S is the rate of 
synthesis to protein, B is the rate at which N enters the 
pool from protein breakdown, / is the rate of N intake 
and Ep the rate of excretion. The units are amounts/ 
time. When an isotopic steady state is reached, as 
shown by constant N abundance in urinary urea, it is 
assumed that the proportion of the administered 13N 
which is excreted as urea represents the proportion of 
the N flux which is excreted as urea. If so, then 


ex/d* = Eu/Q, (2) 


where ež is the rate of N excretion in urea at plateau 
(mg/h), d* is the rate of dosage of 5N (mg/h) and £, 
the rate of urea N excretion. Q is determined from 


equation (2), and rates of synthesis and breakdown 


from equation (1). 


The rates of total N excretion (Ep) and of urea 
excretion (£,,) used in these calculations were those 
obtained during the last 48 hours before operation 
and the first 44 hours after operation. 

Total urinary N was measured by the micro- 
Kjeldahl technique and urinary urea by the diacetyl 
monoxime method with a Technicon autoanalyser. 
Urinary ammonia and urea and plasma urea were 
isolated for analysis of YN by methods previously 
reported (Gay et al, 1969). 5N abundance was 
measured with a double collecting mass spectrometer 
(AEI, type MS3) after oxidation of the samples with 
sodium hypobromite. The “N content of Analar 
ammonium sulphate was 0-362+0-001 (s.d.) atom 
per cent. 


Results 


Control subjects 

The results are summarized in Table I In subject B 
the two methods of administering the tracer gave good 
agreement for estimation of flux (Q) and synthesis 
rate (S). In subject A the continuous infusion gave a 
higher value for S, largely because of a relatively low 
level of labelling of urea at the plateau (see Table IHD. 
We do not know the reasons for this discrepancy. 

Fig. 1 shows the ÌN abundance in urinary urea and 
ammonia in the two studies on subject A. A plateau 
was reached after 18-20 hours; the labelling of urea 
was then constant even when the tracer was given 4- 
hourly. Presumably this is because the relatively slow 
turnover rate of the urea pool (half-life about 10 hours) 
(Walser and Bodenlos, 1959; Jones et al., 1968) 
smooths out the effect of intermittent dosage. 

The labelling of urinary ammonia fluctuated much 
more with intermittent dosage. This was to be 
expected, since it has been shown that after a single 
dose of amino acids labelled with N, the N content 
of urinary ammonia reaches a peak much more 
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rapidly than that of urea and falls more rapidly (Crane 
and Neuberger, 1960). 

Table III shows the mean “N content of urinary 
urea and ammonia and of plasma urea at the plateau 
level. The labelling of ammonia, although fluctuating 
widely (Fig. 1), was on average greater than that of 
urea. This is in agreement with previous reports after 
single doses of N-labelled amino acids (Sprinson and 
Rittenberg, 1949; Crane and Neuberger, 1960). The 
labelling of plasma urea was 10-15 per cent less than 
that of urinary urea. We are not able to explain this. 
Such a difference has been consistently found when 
3N urea has been given in a single dose, and results 
from the fact that the urine collected at any given 
moment will have been derived from plasma urea 
circulating at an earlier time, when it was more highly 
labelled (Walser and Bodenlos, 1959; Regoeczi et al., 
1965). This explanation cannot be invoked, however, 
when a continuous infusion has produced a plateau in 
the labelling of urinary urea. 


Patients 

The results from the 11 patients studied before and 
after operation are set out in Tables IV and V. In the 
3-day period before surgery most of the patients 
showed a small apparent negative N balance (— 0-5 + 
1-3 g N/d), which increased after operation (—7-5+ 
45g N/d). (By apparent balance is meant the 
difference between calculated N intake and urinary N 
output.) The change in balance is highly significant 
(P<0-01). 

The values of the N flux (Q) were in agreement 
with those obtained in the 2 control subjects. The flux 
showed no significant change after operation. 

The effect of the operation on synthesis rate (S) was 
variable. In all but 2 patients S$ fell, and in 5 the fall 
was substantial. The largest fall occurred in patient 7, 
who was initially being treated with steroids. The 
reduction in synthesis rate is significant, both when 
the mean pre- and postoperative values are compared 
(0-05 > P> 0-01), as in Table IV, and when the changes 
in the individual patients are examined by a paired 
t-test (P = 0-01), as in Table V. 

The breakdown rate on average showed no 
significant change. The increase in negative N balance 
cannot, therefore, be attributed to a ‘catabolic’ 
increase in the rate of protein breakdown, but must 
result from the fall in synthesis. Fig. 2 shows that there 
was a significant correlation between the decrease in 
synthesis and the increase in negative N balance. 


Discussion 

The results show a rather wide range of individual 
variation. The coefficient of variation of the pre- 
operative rates of synthesis was 19 per cent. A similar 
range of variation has been found in other series 
(Table VI), but the numbers are small. We do not know 
the reproducibility of measurements of total protein 
turnover in an individual. The only published figures 
on the same subject under the same conditions are 
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Fig. 1. Labelling of urinary urea and ammonia in a normal 
subject during continuous infusion or intermittent dosage 
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Fig. 2. Relationship between the change in rate of protein 
synthesis, AS (postoperative — preaperative) and the change in 
apparent N balance, AN (postoperative ~ preoperative). 


those of Picou and Taylor-Roberts (1969), who 
made two studies on each of 2 children. The difference 
in synthesis rate was 8 per cent in the first subject and 
24 per cent in the second. In the control subjects of the 
present study the isotope was not administered in 
exactly the same way, but this probably is immaterial. 
The difference in synthesis rate between the two 
measurements was 31 per cent in one subject and 6 
per cent in the other. Clearly the method is not very 
precise as yet. 

It would be of great interest if it could be established 
that different individuals do characteristically have 
different rates of protein turnover. The results in 
patient 7, who was on steroid therapy, suggest that the 
rate may be modified by treatment. In this patient the 
preoperative values for O, S and B were the highest 
of the group, and after operation there was the 
greatest change in apparent N balance, with a 
comparatively large fall in S. 
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Table IV: PROTEIN TURNOVER IN PATIENTS 
BEFORE AND AFTER ELECTIVE ORTHOPAEDIC 
OPERATION, MEASURED BY INTERMITTENT 
DOSAGE OF }N-GLYCINE 

N Q S B 


Plateau balance (mgN  (gprotein {g protein 
Patient {h} (g/d) kgd- kgd- kg d-i) 
Before operation 
Po  & 1-5 29:2 3-33 3°46 
2 4 —- 2-8 26-4 2-77 3°05 
3 4 ~ 1'6 30-3 3°57 371 
4 6 +- 0-6 29-7 3°51 3-45 
5 6 — O49 33-1 4-29 4°36 
6 6 -+09 333 3-74 3-64 
7%* 4 + O6 42-6 5-50 5-44 
8 4 -06 34-6 4-39 4-44 
9 6 +f 31-1 3-84 3-83 
10 4 ~—1-§ 28-9 3:18 3°35 
{1 8 = (9 34-2 3°88 3-99 
Mean ~—(}-52 32-1 383 3-88 
sd. +p -429 +073 -+ 0-66 
After operation 
i 4 — 5-3 32-2 3°43 3-89 
2 6 -f 13 24-0 2-07 316 
3 g -RS 26-4 2°36 3:13 
4 6 E a | 29-9 3:06 3°50 
5 G ~10-0 29:6 3-05 3-81 
6 6 -—~ 34 35-7 3-85 4-27 
a 4 o oe 164 34-8 2°83 4-44 
8 6 —1-8 27-8 3:22 3-36 
9 & — 5-2 33-6 3-69 4-20 
10 4 ~~ 42-2 19-0 107 2°88 
11 6 —~ hed 337 365 4-19 
Mean wm A] 29-7 2°94 3-66 
s.d +445 +5ll +0-83 +065 


* Patient on steroids, 
Q, N flux; S, rate of protein synthesis; B, rate of protein 
breakdown. For methods of calculation see text. 


After the operation there was on average only a 
moderate increase (see Table V) in urinary N output 
and negative N balance. This may be because in 
elective orthopaedic operations the trauma is not very 
severe. The increased N loss seems to have resulted 
almost entirely from a decrease in synthesis rate, in 
agreement with the conclusions of O’Keefe et al. 
(1974). It is possible that an increase in breakdown 
rate would be more prominent when injuries are more 
severe and urinary N loss greater, as after extensive 
burns. All that we can assert from the present results 
is that a reduction in protein synthesis seems to be one 
element which contributes to the loss of body N after 
injury. This concept runs contrary to conventional 
views, but it in no way contradicts the well-established 
evidence for extensive loss of nitrogen from muscle 
after injury. Indeed, it seems likely that muscle is the 
main site at which a block in synthesis might occur, 
since there is now a great deal of evidence from 
animal experiments that muscle protein synthesis is 
very sensitive to dietary and hormonal conditions 
(Millward, 1975; Millward et al., 1975). 

It might be contended that a fall in the rate of 
muscle protein synthesis after operation was simply 
the result of immobilization. Schønheyder et al. (1954) 


Table V: CHANGE IN RATE OF PROTEIN 
SYNTHESIS AND BREAKDOWN AND IN NITROGEN” 
BALANCE IN PATIENTS AFTER AN ELECTIVE 
ORTHOPAEDIC OPERATION 


g protein kgo? d~t 


g N/d 
Patient A Synthesis A Breakdown AN balance 
1 -+010 -+043 — 3g 
2 —0-70 +O-11 -Ri 
3 —1-21 — 0-58 —69 
4 —045 -+0-05 —3-5 
5 —1-24 —O-S5§ Ge] 
6 +014 +-0°61 —43 
7 — 267 -~ 1-00 -170 
8 — E17 ~~ 1-08 — t2 
9 —Q 15 -+037 -03 
10 -Ta n 0-47 — 10-4 
i] —)23 +020 — 3S 
Mean s088 > 0-17 —~6°8 
sd. +0-90 -+- 0-59 44 


A= Postoperative — preoperative. 


Table VI: COMPARISON OF RATES OF TOTAL 
PROTEIN SYNTHESIS IN ADULT HUMAN 
SUBJECTS MEASURED WITH RADIOACTIVE AMINO 
ACIDS AND WITH ©N-GLYCINE 


Synthesis 
rate 

: {g kg-? an, 

_Subjects — mean 

Author No. Age Amino acid tsd) 
James et al. (1976) 6 30-65 4C-tyrosine 4604-077 
O’ Keefe et al. (1974) 4 52-75 M4C-leucine 397-40-41 
Crane et al. (1977) 11 20-65 4N-glycine 3-83 +.0-73 
Young et al, (1975) 4 20-23 UN-glycine 3-00-+0-20 
Young et al. (1975) 4 69-91 }N-glycine 1 -90-+-0-20 


estimated total protein turnover with a single dose of 
15N\-glycine in 3 subjects who were totally immobilized 
by a plaster cast. This produced a negative N balance 
of about 10 g/d and a fall of 15-20 per cent in the 
calculated rate of protein synthesis. In the present 
study the patients were partially immobilized after the 
operation, but not to the same degree. 

It is premature to try to evaluate these findings in 
any detail until there has been a critical analysis of 
methods of measuring total protein turnover and more 
experience has been gained. The subject was reviewed 
a few years ago (Waterlow, 1969). Since then 3 studies 
have been published on total protein turnover in 
human adults measured by continuous infusion or 
repeated dosage of labelled amino acids. The results 
are summarized in Table VI. Tyrosine seems to give 
higher results than leucine or glycine, perhaps because 
of its conversion to phenylalanine (James et al., 1974). 
Our findings so far suggest that although there may be 
absolute differences between results obtained by 
different methods, if the same method is used com- 
parisons should be valid (Golden and Waterlow, 
1977). 
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Ten-year survival rates in breast cancer 
using combination chemotherapy 
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SUMMARY 

The outcome in 254 patients with all stages of breast 
cancer treated by combination chemotherapy is pre- 
sented, All the patients were treated 10 or more years 
ago. The 10-year survival rate for Stages I and IT com- 
bined is 60 per cent, in Stage HI 19 per cent and in 
Stage IV 3 per cent. The combined rate in Stages 1 and 
II differed markedly according to hormonal status. In 
premenopausal patients the rate was 84 per cent com- 
pared with 42 per cent in postmenopausal patients. 


THE majority of women treated solely by local therapy 
for early carcinoma of the breast die from their dis- 
ease within 10 years. Watson and Turner (1959) 
ascribed such poor long term results to dissemina- 
tion of the cancer before the clinical recognition of 
the tumour. They concluded that from the onset 
even apparently early breast cancer should be re- 
garded as a disseminated disease which required 
systemic therapy. For obvious reasons the conven- 
tional modes of therapy then available could not be 
used in this way; hence they decided to use chemo- 
therapy as an essential part of the primary treatment 
of breast cancer. In their original paper they demon- 
strated that a combination of any alkylating agent 
and an androgen was more effective in advanced 
breast cancer than either used alone. 

The whole approach to the management of breast 
cancer is undergoing reappraisal (Editorial, 1975; 
Leading article, 1975). Zubrod (1974) suggested that 
the greatest value from chemotherapy could theo- 
retically be obtained by using the agents as early as 
possible in the course of the disease when the number 
of viable cancer cells is at a minimum. Many authors 
(Fisher et al., 1975; Mueller and Jeffries, 1975; Baum, 
1976) advocate adjuvant systemic therapy, e.g. chemo- 
therapy, immune stimulation or hormonal therapy, 
as part of the treatment of early breast cancer. Con- 
troversy exists regarding the relative merits of using 
single or multiple forms of adjuvant therapy. For the 
past 17 years we have regarded all stages of breast 
cancer as potentially disseminated and have employed 
a combination of hormonal and chemotherapy as an 
essential part of the primary treatment. Sufficient 
time has now elapsed to allow an evaluation of the 
group of patients so treated. 


Patients and methods 
On admission to the study, in addition to clinical 
examination, the following investigations were carried 


out: X-rays of the chest and skeleton, blood count 
and measurement of the erythrocyte sedimentation 
rate, liver function tests and estimations of the blood 
urea, serum calcium, alkaline phosphatase and C- 
reactive protein. 

The patients were then classified using the TNM 
system and clinically staged accordingly. Patients with 
Stage IV cancer of the breast were subdivided into 
(a) those previously untreated, and (b) those referred 
to the department who had recurrence with distal 
metastases following conventional surgery and/or 
radiotherapy carried out elsewhere. 

The group consisted of 254 patients initially seen 
and treated at the Chemotherapy Department, Brad- 
ford Royal Infirmary, 10 or more years ago, each 
patient being followed up for a period of at least 10 
years or until death. No patient was lost to follow-up. 
The age range was from 23 to 82 years. One hundred 
patients were premenopausal and 154 were postmeno- 
pausal. A woman was considered to be postmeno- 
pausal when 2 years had elapsed since her last 
menstrual period. The age distribution of the group in 
relation to the hormonal status is given in Table I. 


Table I: AGE DISTRIBUTION RELATED TO 
CLINICAL STAGE AND MENOPAUSAL STATUS 


Age at 


fre Stage I Stage IH Stage Hil Stage IV 
visit Pre- Post- Pre- Post- Pre Post- Pre- Post- 
21-30 a e mem 2o o o i _ 

31-40 B ime } sxa i> cts 1} ee 

41-50 16 4 8 2 17 3 16 7 

51-60 j 13 ae 3 5 29 4 16 

61-70 a 120 = l -= 27 -a = 2A 

71--80 — 3 ——- I ~m 4 wo 4 

81-90 -n _ I we see 
Treatment 
Surgery 


Simple mastectomy was performed for large or cen- 
trally placed tumours, and extended tylectomy (Atkins 
et al., 1972) for smaller or peripheral tumours. During 
surgery it was ensured that the lines of excision were 
through apparently healthy breast tissue. If the tumour 


ene 
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was obviously clinically malignant, surgery was de- 
layed until a course of thiotepa was begun. If a breast 
swelling appeared unexpectedly at excision to be 
malignant (frozen section histology was not employed) 
chemotherapy was begun immediately in the operat- 
ing theatre by giving thiotepa 30 mg intramuscularly 
with androgen (see below for dose schedules), and 
further surgery was delayed until subsequent histo- 
logical confirmation of malignancy was obtained. 
Radical mastectomy was not employed. Shrinkage of 
enlarged axillary nodes often occurred following 
chemotherapy and mastectomy or tylectomy, but very 
occasionally it was necessary to remove persisting 
enlarged axillary nodes during the third or subsequent 
courses of chemotherapy. It was intended to carry 
out oophorectomy in premenopausal women, but for 
a variety of reasons this was not adhered to, e.g. 
patient’s refusal. However, the 10-year survival of 
patients with and without oophorectomy has been 
compared. 


Chemotherapy 

All the patients received combined androgen and 
thiotepa therapy. Thiotepa was administered in three 
courses with an interval between each of 6-8 weeks. 
The interval was necessary to allow the blood count 
to recover from the depression caused by the thio- 
tepa. The thiotepa was given intramuscularly in 
divided doses of 15-30 mg thrice weekly. Serial blood 
counts were made and if these showed a continuing 
fall the injections of thiotepa were interrupted. The 
total dose administered to a patient was limited by 
her marrow tolerance. In this respect a most important 
factor was the clinical stage of the cancer. Patients 
with advanced growths and showing anaemia and 
cachexia usually tolerated a significantly lower total 
dose of thiotepa than those with an early cancer, 
which had caused relatively little systemic upset. 
Marrow tolerance also appeared to decrease in the 
second or subsequent courses of treatment. Body 
weight per se did not significantly influence total 
dosage. A thin woman of small stature frequently 
tolerated as much of the drug as a heavier woman in 
a similar stage of the disease. 

The final factor of importance in thiotepa toler- 
ance was the idiosyncrasy of the patient. This could 
not, of course, be estimated before treatment—-hence 
the necessity for serial blood counts from the onset 
of therapy. Allowing for these factors, experience 
showed that patients in Stage I or H could tolerate in 
the first course of treatment approximately 210 mg 
thiotepa, whereas women with advanced carcinoma 
usually tolerated on average 150 mg. The behaviour 
of the patient’s blood count during and after the first 
course of treatment was used as a guide for subse- 
quent courses. 

Androgen therapy was started usually 1 week before 
the beginning of the thiotepa course and continued 
both throughout the course and thereafter until the 
blood counts returned to normal levels. Patients with 
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advanced cancer or in a poor general condition were 
treated with androgen for several weeks before the 
first injection of thiotepa. In addition, the anaemia in 
such patients was corrected where necessary with 
blood transfusions. Not infrequently the blood picture 
improved considerably with androgen therapy alone. 

Initially the androgen therapy used was testo- 
sterone propionate 100--200 mg intramuscularly per 
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Table H: SURVIVAL RELATED TO CLINICAL STAGE AND MENOPAUSAL STATUS 
No. dying No. dying ? 
No. surviving No. surviving within 10 yr within 10 yr No. dying 
Menopausal 10 yr 10 yr but of other causes of other causes of cancer 
Stage status without cancer with recurrence without cancer but with recurrence within 10 yr Total 
Stage I Pre- 16 4 i 0 2 23 
Post- g 5 4 1 14 32 
Stage H Pre- 5 1 0 0 3 9 
Post- 1 Ò 1 l 5 8 
Stage HI Pre- 6 2 i i 26 36 
Post- 5 4 2 7 45 63 
Stage IV 
Not previously Pre- 0 Q 0 0 8 8 
treated Post- ü Q 0 i 22 23 
Previously Pre- 0 0 0 0 24 24 
treated Post- i I 0 2 24 28 


SONOS NONE a TLC A CECE NC CC A A nee 


Table IH: SURVIVAL RELATED TO TYPE OF 
SURGERY FOR PATIENTS WITH STAGE I OR II 





CANCER 
Tylectomy 
patients who 
had 
Extended a subsequent 
Survival tylectomy Mastectomy mastectomy 
Premenopausal 
No. surviving 10 yr 16 5 meee 
without cancer 
No. surviving 10 yr 5 0 3 
but with recurrence 
No. dying of cancer 4 j 2 
within 10 yr 
Total 25 6 5 
Postmenopausal 
No. surviving 10 yr 8 I ee 
without cancer 
No. surviving 10 yr § G Q 
but with recurrence 
No. dying of cancer 12 7 5 
within 10 yr 
Total 25 8 5 


Table IV; SURVIVAL RELATED TO 
OOPHORECTOMY IN PREMENOPAUSAL PATIENTS 
WITH STAGE I OR IE CANCER 


No 
Survival Oophorectomy oophorectomy 

No. surviving 10 yr 13 8 
without cancer 

No. surviving 10 yr but 2 3 
with recurrence 

No. dying of cancer 4 1 

within 10 yr 
Total 19 12 


eee: 


day five times a week. In 1960 nandrolone phenyl- 
propionate (Durabolin) 50 mg intramuscularly three 
times a week was used as an alternative to testo- 
sterone. Originally the rationale of using androgen 
therapy was for its known cytocidal effect on certain 
breast cancers, but Hancock (1972) has shown that 
androgen has a protective action against the myelo- 
suppressive effect of thiotepa. Experience has shown 
that the side-effects of androgen therapy (hirsutism, 


acne, water retention, pain and abscess formation at 
injection sites) are much less with nandrolone than 
with testosterone and nandrolone is now considered 
the androgen of choice. | 

The side-effects of the chemotherapy have previ- 
ously been fully documented (Watson and Turner, 
1966). They contributed to the death of 4 patients, 2 
of whom had early breast cancer. All 4 deaths occurred 
in the early years of the study and since 1966 no deaths 
have been attributable to chemotherapy. 


Statistical methods 

The survival rate is calculated as the ratio of the 
number of patients surviving to a given time to the 
sum of the patients surviving and those dying of 
cancer before that time. In Figs. 1-3 the proportion 
of patients alive at any given time is calculated as the 
number of patients surviving to that time divided by 
the sum of the number of patients surviving to that 
time plus the number of patients dying of cancer 
before that time. 


Survival rate 

The progress of the series as a whole is shown in 
Table 11. This table shows the marked effect of clinical 
staging on the survival pattern. Thus, out of 72 
patients with Stage I or IT breast cancer, 40 were alive 
10 or more years after treatment, whereas only 17 out 
of 99 patients with Stage IH breast cancer survived 
10 years and only 2 out of 83 patients with Stage IV 
cancer were alive after 10 years. Fig. 1 suggests that 
in early breast cancer hormonal status influences 
survival. Table HI shows the influence of the type 
of surgery on the survival, and Table IV presents the 
effect of oophorectomy in premenopausal women 
with Stage I or II cancer. The survival pattern of 
patients with Stage HI or IV breast cancer is given 
in Figs. 2 and 3. Fig. 4 illustrates the proportion of 
the groups of women with Stage I or II cancer who 
have survived ¢ years who go on to survive at least 
10 years, where ¢ is the time in years since the initial 
treatment. Hence, of the 28 premenopausal women 
with Stage I or If cancer who have survived 5 years, 
26 (i.e. 0-93) go on to survive at least 10 years. 
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Table V: RESULTS OF THE PRESENT STUDY AND TWO PREVIOUSLY REPORTED SERIES 
e 10-yr crude 
. | survival rate 
Series No. of patients Stage Treatment (%) 
McWhirter (1964), Edinburgh 1429 Operable I and H Simple mastectomy and radiotherapy 46 
Kaae and Johansen (1965), 63 Operable Land H Simple mastectomy and radiotherapy 44 
Copenhagen 60 Extended radical mastectomy 42 
Present study, Bradford Premenopausal 32 Operable Land Il Extended tylectomy or simple mastec- gI 
Postmenopausal 40 tomy and adjuvant chemotherapy 35 
Combined 72 56 





Discussion 

In 1959 when the study was begun the use of chemo- 
therapy as a primary treatment for any stage of breast 
cancer was a major departure from established 
practice. A new approach to therapy must be assessed 
in relation to results obtained by the older methods. 
The results of the present series compare very favour- 
ably with those of others, as can be seen from Table 
V. It is worth noting that if the more informative 
survival rate is used as opposed to the crude survival 
rate given in Table V, the results for our study are 
as follows: premenopausal 84 per cent and postmeno- 
pausal 42 per cent, giving a combined rate of 60 per 
cent. Unfortunately we have been unable to find 
comparable calculated survival rates in other pub- 
lished series. 

The validity of a retrospective study comparing 
different methods of therapy is open to criticism in 
that the groups of patients treated may not be iden- 
tical as regards age distribution, hormonal status and 
method of staging. Common to all published series 
is the inadequacy of clinical staging. As early as 1927 
Handley voiced dissatisfaction with clinical staging, 
and more recently Burn (1974) has expressed similar 
views. The inadequacy of clinical staging leads to the 
inclusion of patients with undetected metastases in 
Stage I or H. The more favourable survival rate in 
our series of women with early breast cancer is prob- 
ably a consequence of the eradication by chemo- 
therapy of these unsuspected distal metastases. The 
failures of our regimen in early breast cancers may 
represent absolute or relative insensitivity of the 
cancer cells to the chemotherapeutic agents employed. 

Although in this series, as in others, prognosis is 
directly related to the stage at initial presentation, a 
remarkable feature is the different survival rates in 
pre- and postmenopausal women with Stage I or IT 
breast cancer. This difference is obviously related to 
hormonal status but the explanation is not apparent. 
Unfortunatley most published series do not contain 
a breakdown as regards hormonal status. 

As can be seen from Table II, 10 out of 50 women 
with Stage I or H breast cancer who initially had an 
extended tylectomy had to undergo a subsequent 
mastectomy because of local recurrence. We now feel 
that simple mastectomy is the initial surgical procedure 
of choice. 

The 10-year survival rate of premenopausal women 
with early breast cancer whether they had an oophor- 
ectomy or not is similar, but the total number of 
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Fig. 4. Proportions of patients with Stage I or HH breast 
cancer surviving f years who go on to survive 10 years. 


women (31) in this group is too small for any signi- 
ficant conclusions to be made. The value of ovarian 
ablation in the treatment of early breast cancer has 
been extensively studied but is still in doubt (Leading 
Article, 1971). 

As mentioned previously, some workers are now 
advocating adjuvant systemic therapy as an essential 
part of the primary treatment of early breast cancer. 
In Bradford this has been our approach to the prob- 
lem since 1959 and the results reported here justify 
this concept. Furthermore, this particular combina- 
tion, which is of an androgen with a long term alkyl- 
ating agent, is simple to administer, has a high degree 
of patient acceptability and causes minimal morbidity, 
and the results demonstrate its efficacy. However, to 
evaluate fully the role of adjuvant chemotherapy in 
the treatment of early breast cancer it is necessary 
to institute a statistically controlled trial. Such a 
study was started at the Department of Chemo- 
therapy, Bradford Royal Infirmary, in May 1974. 
This comprises a comparative study of simple mastec- 
tomy plus chemotherapy versus simple mastectomy 
plus selective radiotherapy. Alternate premenopausal 
women in each group will undergo oophorectomy at 
the time of mastectomy. 
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Quadruple chemotherapy for advanced 


malignant disease 
G. G. JAMIESON AND D. C., CARTER* 


SUMMARY 

The results of treatment of 48 cases of advanced cancer 
by quadruple chemotherapy are reported. In only 4 
patients was an objective remission obtained, although 
equivocal remissions were observed in 9 patients. This 
report is at variance with other recent reports. The 
reasons for the discrepancy are discussed, and while 
combination chemotherapy may prove more effective if 
used earlier in the natural history of malignant disease, 
in this series the technique does not appear to offer any 
greater chance of remission than chemotherapeutic 
agents used singly, 


THERE are theoretical advantages in using a combina- 
tion of chemotherapeutic agents to treat advanced 
malignant disease. By choosing drugs which act at 
different phases of cell division it is possible to achieve 
an additive therapeutic effect without incurring 
summation of toxic side-effects. The validity of this 
approach has been demonstrated in animals and in 
humans with childhood and adult acute leukaemia 
(Freireich et al., 1964; Thompson et al., 1965) and 
metastatic cancer of the testis (Li et al., 1959, 1960). 
Combination chemotherapy has now been applied to 
a wide variety of advanced malignant disease and the 
initial reports have been encouraging (Costanzi and 
Coltman, 1969; Price and Goldie, 1971; Priestman 
and Hanham, 1972), particularly in regard to breast 
cancer (Deemarsky and Chernomordikova, 1970; 
Livingstone and Carter, 1970; Hanham et al., 1971; 
Shingleton et al., 1971; Davis et al., 1974; Brunner 
et al., 1975). 

The present study has examined the response of 
patients with advanced malignancy to combination 
chemotherapy when other methods of treatment had 
ceased to be effective and when an extremely poor 
prognosis was anticipated. 


Materials and methods 
The four drugs chosen by Costanzi and Coltman 
(1969) were used, but the modified dosage of Hanham 
et al. (1971) was chosen in order to diminish side- 
effects. The drugs used were cyclophosphamide, 
5-fluorouracil, methotrexate and vincristine. The four 
drugs were given by intravenous bolus injection as a 
5-day course at monthly intervals. If no response had 
occurred after the third course of treatment the 
therapy was stopped. If a response occurred, treat- 
ment was continued for as long as the response was 
maintained. The dosages used were as follows: 
Cyclophosphamide 200-300 mg, days I and 5. 
Vincristine 0-015 mg/kg, days 2 and 5. 


5-Fluorouracil 7:5 mg/kg, days 1, 2, 3, 4 and 5. 

Methrotrexate 0-25 mg/kg, days 1 and 4. 

All the patients were screened for haematological, 
neurological, gastro-intestinal and other complications 
during treatment. 


Assessment of results 

Responses were graded as follows: 

1. Objective remission: No new lesions developing and 
reduction in size of all known lesions as shown by 
clinical measurement and/or radiology, the remission 
lasting for at least 3 months. 

2. Equivocal remission: Reduction in size of some 
lesions whilst others were static or progressed. 
Reduction in abnormal biochemical levels, e.g. 
serum bilirubin, serum calcium, serum alkaline 
phosphatase, etc., to restore normal levels, and 
marked subjective improvement which lasted 3 or 
more months were also included in this group. 

3. No remission: Disease process progressed or death 
occurred within 3 months of beginning therapy. 


Results 
The results to date are summarized in Table J. 


Table 1: RESULTS OF QUADRUPLE CHEMOTHERAPY 


Primary No. of Objective Equivocal No 
cancer patients remission remission remission 

Breast 15 2 5 g 
Oesophagus I 0 0 i 
Stomach ii 1 1 9 
Colorectal 6 0 1) 6 
Liver 2 0 I 1 
Pancreas 2 0 0) 2 
Melanoma 6 0 I 5 
Uterus 4 j 1 2 
Bronchus 1 0 Q 1 
All cases 48 4 9 35 


Breast cancer 
All the patients had been actively treated with one or 
several of the following types of treatment: radio- 
therapy, ablation therapy (oophorectomy, adrenalec- 
tomy, hypophysectomy) and hormone addition 
therapy (oestrogen, anti-oestrogen, androgens, corti- 
costeroids). 

One patient who was relatively well before the 
chemotherapy treatment deteriorated rapidly and died 
on the fourth day of her first course of therapy. This 
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was the only patient in the present series whose death 
might be attributable to the chemotherapy. Six other 
patients have died during treatment without showing 
any sign of remission of their disease. One patient died 
after the first course, 2 after the second course, 2 after 
the third course and one patient after five courses. One 
patient developed severe gastro-intestinal symptoms 
from the therapy and as no change had occurred in 
her recurrent chest wall ulceration after two courses, 
treatment was stopped at her own request. 

Two patients are alive and well after three courses 
without any objective evidence of remission, while a 
further 2 patients are alive and well after two courses 
with some subjective improvement in their condition. 
One patient underwent impressive subjective improve- 
ment. She is alive after eight courses of therapy 
although she is not now well. There has been no 
reduction in the size of her greatly enlarged liver which 
contains multiple secondaries as assessed by clinical 
examination and serial liver scans. One patient had 
carcinoma en cuirasse which was extending with 
remarkable rapidity before therapy. She underwent 
objective remission until her seventh course of 
therapy when the disease began to progress again and 
she died after her eighth course of treatment. 

The patient who sustained the longest remission 
had a large abdominal mass of histologically proven 
secondary breast cancer associated with refractory 
ascites. Once therapy began her mass disappeared to 
abdominal palpation and her ascites became manage- 
able with approximately 6-weekly paracenteses. This 
patient had ten coursés of therapy before her disease 
progressed again, and she died 14 months after starting 
therapy. 


Gastric cancer 

All 11 patients in this group had undergone laparo- 
tomy when widespread carcinoma of the stomach had 
been confirmed. Nine of the 11 patients were male. 
Fight patients have died without showing any re- 
mission of their disease despite between one and four 
courses of chemotherapy. One patient is alive but 
unwell after two courses of therapy and has not 
shown any evidence of remission. 

One patient maintained subjective improvement 
for more than 3 months after three courses of chemo- 
therapy and remains alive although there has been no 
objective evidence of regression of disease. 

The remaining patient in this subgroup is the only 
one to have shown objective benefit from quadruple 
chemotherapy. He has recently completed his sixth 
course of therapy and there has been a sustained 
improvement in his sense of well-being over a 9-month 
interval since commencing chemotherapy. He has 
maintained a 12-kg weight increase since laparotomy 
and there has been radiological evidence of a marked 
decrease in size of the primary gastric lesion, while 
serial liver scans have shown a marked diminution 
in the originally extensive hepatic metastases. He 
remains alive and well at the present time. 


Other cancers 

The number of cases in each subgroup is small and it is 
therefore difficult to draw valid conclusions. How- 
ever, the extremely poor results with melanoma and 
colorectal cancer can hardly escape attention. 

The only patient to obtain objective benefit in this 
group was one who had a hysterectomy for uterine 
carcinoma and subsequently required a laparotomy to 
divide adhesions which were proved to contain 
malignant tissue. She subsequently developed severe 
pain suggestive of lumbosacral plexus involvement 
and extensive chest secondaries. She gained dramatic 
relief of pelvic and back pain following her first course 
of therapy and there was radiological improvement in 
her chest X-ray which has been sustained through 
four courses of therapy. She remains alive and well 
5 months after beginning therapy. 


Complications 

In this series of 48 patients there has been one death 
which could be attributed to the chemotherapy and 2 
patients requested cessation of therapy because of 
severe nausea and vomiting. Less than half of the 
patients complained of nausea during treatment 
and sometimes associated it with vomiting and 
diarrhoea. This was severe only in the cases 
mentioned. 

Thirty-seven patients developed alopecia and in 8 
this was almost total. Five patients had a significant 
fall in the white blood count, but this did not necessi- 
tate stopping treatment. Two patients developed 
thrombocytopenia of sufficient magnitude to delay 
the next course of therapy. 


Discussion 

Our results differ from those of other reports of 
combination chemotherapy in disseminated solid 
tumours. Costanzi and Coltman (1969) reported 16 
objective remissions in a series of 31 patients with 
disseminated solid tumours treated by quadruple 
chemotherapy in a similar schedule but using a slightly 
higher dosage than used in the present series. Hanham 
et al. (1971) using the same regimen as the present 
series reported 40 objective remissions in 75 cases with 
advanced cancer. Priestman and Hanham (1972), 
using the dosage of Costanzi and Coltman (1969), 
reported objective remission in 8 of 11 patients with 
breast metastases in the liver and 6 of 9 patients with 
liver metastases from colorectal cancer. Price and 
Goldie (1971) using between four and six drugs in a 
series of 40 patients with disseminated malignancy 
reported complete remission in 11 cases and partial 
remission in a further 9 patients. 

Reports of combination chemotherapy for advanced 
carcinoma of the breast have been even moreencourag- 
ing. Using three agents in combination (methotrexate, 
5-fluorouracil and cyclophosphamide or thiotepa) 
Greenspan (1972) reported a ‘worthwhile clinical 
remission’ of more than 3 months in 15 of a series of 
20 ‘pre-terminal cases’ with advanced breast cancer. 


Cooper (1969) reported complete remission of at least 
% months’ duration in 53 of 60 unselected cases 
treated by quadruple chemotherapy in cases with 
‘far advanced disease’. Shingleton et al. (1971) using a 
quadruple regimen including prednisone reported 
remissions in 11 out of 16 patients with disseminated 
breast cancer. Deemarsky and Chernomordikova (1970) 
using a combination of 5-fluorouracil and an alkylat- 
ing agent reported 22 remissions in 31 patients with 
advanced breast disease. More recent reports have 
been equally encouraging (Brunner et al., 1975; 
Fisher et al., 1975). 

Our results in breast cancer have been disappointing 
and are at variance with the previous reports. Valid 
comparisons between different centres is hampered by 
differing standards of patient selection for chemo- 
therapy, differing chemotherapeutic regimens and 
differing standards of assessment. The paper from the 
British Breast Group (1974) represents a sound 
suggestion for subsequent assessment of response to 
treatment, and universal adoption of the proposed 
criteria will go far to eliminate varying standards. It 
may be that some of the better results reported in the 
literature are due to treatment being undertaken 
earlier in the natural history of the disease. However, 
in the majority of patients we are in no doubt that the 
regimen employed in the present series is unlikely to 
increase survival of patients with disseminated breast 
cancer once other forms of therapy have been 
exhausted. As other centres have reported high 
response rates with combination chemotherapy, it 
would seem logical to use this form of therapy 
earlier in the natural history of the disease, before 
other forms of therapy are employed. Results of 
adjuvant chemotherapy with single agents have been 
equivocal (Donegan, 1974; Fisher et al, 1975). How- 
ever, a recent report using a combination of agents as 
adjuvant therapy has been moreencouraging, although 
it is too early yet to know whether the survival of the 
treated group will be longer than that of the control 
group (Bonadonna et al., 1976). 

As with other reports in the literature, the number 
of cases of gastro-intestinal cancer treated is too small 
to allow valid conclusions as to the role of combina- 
tion chemotherapy in each type of lesion. Of the 32 
patients with cancer other than breast in origin, 
equivocal evidence of remission was seen in 4 cases, 
whilst objective remission occurred in 2 subjects. It 
is possible that chemotherapy may have more to offer 
in the earlier stages of these diseases, but the difficulty 
of achieving early diagnosis in gastro-intestinal cancer 
is well known. Reitemeier et al. (1970) have also 
reported poor responses from combination chemo- 
therapy in gastro-intestinal cancer, with no increase in 
response rates when the drug combinations were 
compared with the use of single agents. Recently 
§-fluorouracil plus a nitrosourea has shown promise 
in gastric cancer, and 5-fluorouracil plus strepto- 
zotocin in carcinoid tumours and pancreatic islet cell 
tumours has also shown encouraging results (Moertel, 
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1975). McElwain (1973) has concluded that combina- 
tion chemotherapy is not superior to 5-fluorouracil 
alone in the treatment of colorectal cancer and is 
probably more toxic. More recent reports have 
indicated increased response but not yet increased 
survival (Falkson et al, 1974; Moertel et al., 1975). 
The results of the present series suggest that the 
quadruple chemotherapy regimen used here for the 
treatment of disseminated cancers will only rarely be 
responsible for worthwhile clinical remissions. 
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Herpes zoster and paralytic ileus: a case report 


J. N. JOHNSON AND R. A. SELLS* 


SUMMARY 

A case of herpes zoster presenting as intestinal obstruc- 
tion is described. Clinical and radiological evidence of 
intestinal obstruction was obtained. The mechanisms by 
which herpes zoster may cause an ileus are discussed. 


HERPES zoster is one of the clinical manifestations of 
infection with the varicella virus. It is characterized by 
pain and hyperaesthesia along the area of distribution 
of sensory nerves arising from affected dorsal root 
ganglia. This is followed 1-12 days later by a typical 
vesicular eruption with the same distribution. The 
pain may be severe and, prior to the appearance of the 
rash, can present difficulties in diagnosis. 

In 1925 Blanton reported a case of herpes zoster 
presenting as renal colic. Other cases have simulated 
cholecystitis, acute pancreatitis, intestinal obstruction 
(Mozhaev, 1964) and acute appendicitis (Malanina, 
1965). 

The case described here demonstrates that herpes 
zoster may occasionally cause, and not merely mimic, 
intestinal obstruction. 


Case report 

W. T., a 51-year-old male, had received a kidney transplant 2 
years previously. He was receiving routine immunosuppression 
(azathioprine 150 mg daily and methylprednisolone 24 mg on 
alternate days). 

The patient presented on 16 July 1975 with colicky lower 
abdominal pain which was worse on the right side of the 
abdomen. The patient had not vomited but there had been 
absolute constipation for 48 hours. There was also pleuritic 
pain in the right lower chest posteriorly. 

On examination the patient’s general condition was good. 
The chest was clinically normal. The abdomen was distended 
and resonant. It was tender to palpation and there was 
generalized guarding. The bowel sounds were loud and tym- 
panitic. The rectum was empty. 

Abdominal X-ray revealed a gaseous distension of the 
transverse colon containing several fluid levels. Fluid levels 
were also present in the caecum and ascending colon. There was 
some gas in the distal large bowel and the appearances 
suggested an incomplete distal large bowel obstruction (Fig. 1). 
Barium enema and sigmoidoscopy were subsequently shown 
to be entirely normal. 

The patient was treated conservatively with nasogastric 
suction and intravenous fluids. 

Later the same day the typical eruption of herpes zoster 
appeared on the right T12 dermatome. This was treated with 
analgesics and topical applications of 40 per cent idoxuridine 
in dimethyl sulphoxide. The ileus settled over the next week, by 
which time the eruption had begun to heal. 


Discussion 

The mechanism by which herpes zoster might give rise 
to paralytic ileus is a matter for speculation. There are 
two possibilities. 





Fig. 1. Straight abdominal X-ray showing fluid levels in the 
right side of the colon. 


The first is that the parietal peritoneum might 
become involved in the eruption along the line of 
the same dermatome as the overlying skin. Peritonitis 
is a well-recognized cause of paralytic ileus and 
presumably a localized peritonitis would cause a 
localized ileus. 

The second possibility is a direct involvement of the 
autonomic nervous system. Although herpes zoster 
affects mainly the dorsal root ganglion, inclusion 
bodies have been demonstrated in the motor cells of 
the anterior horn (Denny-Brown et al., 1944). In such 
cases a true anterior poliomyelitis and motor neuritis 
have been present. Involvement of a ganglion on the 
sympathetic chain at the same level as the affected 
dorsal root ganglion has also been reported (Cheatham, 
1953). Thus it is possible that an ileus secondary to 
herpes zoster could be caused by an autonomic motor 
neuritis. Indeed, herpes zoster inclusion bodies have 
been identified within ceils in lesions as widely separ- 
ated as the pancreas, adrenal and ovary (Cheatham, 
1953). It is possible that the ganglia of the vagus and 
pelvic splanchnic nerves, which are secretomotor to the 
large bowel and situated in or near its wall, could also 
be involved with herpes zoster, leading to the clinical 
picture in the case described here. To what extent the 
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a immunos uppressive regimen of this patient might have 
aided. such a ‘dissemination of the virus is not known. 
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Diagnosis of a leiomyoma of the small intestine 


by selective angiography 


F. G. O. BURROWS, W. N. DODDS AND H. THOMPSON* 


SUMMARY 

A case is reported in which a leiomyoma of the jejunum 
was diagnosed by mesenteric angiography after two 
negative barium meal examinations. The tumour was 
resected and recovery was uneventful. 


Tumours of the small intestine are relatively rare and 
accounted for only 1-7 per cent of gastro-intestinal 
tumours in a study covering a 20-year period (Good, 
1963). In a review of the literature which included 
1399 such tumours, a correct preoperative diagnosis 


performed in two medical centres had failed to 
demonstrate the lesion, presumably because its intra- 
luminal portion was so small. 


Case report 

A 28-year-old Chinese woman was admitted to Birmingham 
General Hospital in August 1975 with a history of dull epi- 
gastric pain for 10 days and melaena for 2 days. A similar 
episode had occurred 18 months previously while the patient 
was in Hong Kong. A barium meal examination at that time 
was reported as normal and she was discharged from hospital 
following a blood transfusion. 





a 


was made in about 6 per cent of cases (River et al., 
1956). Although smooth muscle tumours are among 
the commonest small bowel neoplasms, only 76 were 
seen at surgery in 40 years at the Mayo clinic (Starr 
and Dockerty, 1955). 

Our patient presented with gastro-intestinal haemor- 
rhage and was diagnosed as having a smooth muscle 
tumour of the small intestine by angiography; this 
was subsequently confirmed and treated by surgery. 
Previous barium studies of the gastro-intestinal tract 


b 


Fig. 1. Superior mesenteric angiogram showing (a) a tumour circulation in a jejunal leiomyoma, and (b) a diffuse capillary blush. 


On examination the patient was pale, with a moderate tachy- 
cardia and a blood pressure of 100/60 mm Hg. The abdomen 
was soft with tenderness in the epigastrium. No abdominal 
masses were palpable and bowel sounds were normal. There 
were no stigmata of liver disease. Enquiry revealed no relevant 
drug history. The haemoglobin on admission was 6°8 g/dl and 
the patient was transfused with 6 units of blood. An upper 
gastro-intestinal endoscopy performed 4 hours after admission 
was entirely normal. Barium studies of the small intestine and 
colon again revealed no abnormality. Liver function tests and 
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Fig. 2. Tumour mass with attached small intestine showing 
polypoid projection into the lumen. 


Fig. 3. High p 
leiomyoma. 
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a coagulation screen were normal. During the first week in 
hospital the patient continued to have malaena, and a falling 
haemoglobin made further blood transfusion necessary. A 
superior mesenteric angiogram was then carried out and this 
revealed a large vascular lesion in the lower abdomen, supplied 
by small intestinal branches of the superior mesenteric artery 
(Fig. 1). A tumour circulation first appeared in the mass 
followed shortly by a vascular blush. The lesion was considered 
to be a mainly exo-enteric neoplasm of the small intestine, 
probably a smooth muscle tumour. At laparotomy a vascular 
tumour measuring 10 7 cm was found on the antimesenteric 
border of the jejunum. The tumour was resected with a short 
segment of jejunum (Fig. 2). 

Histology revealed a leiomyoma with occasional multi- 
nucleated cells and areas of slight pleomorphism (Fig. 3). 

The patient made an uneventful recovery, being discharged 
10 days postoperatively. She was well when seen subsequently 
as an outpatient. 


Discussion 

Melaena and abdominal pain, the presenting features 
in this patient, are common with smooth muscle 
tumours of the small intestine (Starr and Dockerty, 
1955), and gastro-intestinal bleeding may occur in 
over 80 per cent of cases (Good, 1963). 

The commonest site of smooth muscle tumours is 
the jejunum. They occur more frequently in males, 
usually in the fifth and sixth decades (Starr and 
Dockerty, 1955). 

Smooth muscle tumours are often not shown by 
barium studies until either a large mass develops or 
obstruction occurs, but they do present a relatively 
constant angiographic appearance. Leiomyomatous 
neoplasms are usually well circumscribed and have an 
extensive network of vessels. There is often increased 
blood flow, enlarged feeding arteries, prominent 
draining veins and a vascular blush during the 
capillary phase (Ramer et al., 1971). 

On the basis of the angiographic findings in this 
case, it was possible to diggnose a tumour of the 
small intestine and to make a suggestion as to its 
nature preoperatively, which is not commonly the 
case with small bowel tumours (River et al., 1956). 
Selective angiography should probably be the radio- 
graphic investigation of choice when a patient has had 
a previous episode of upper gastro-intestinal haemor- 
rhage and barium studies are negative. 
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Platelet function tests during major operation 
for gastro-intestinal carcinoma 
J. A. KOKORES, T. C. ECONOMOPOULOS, C. ALEXOPOULOS, J. PYROVOLAKIS 


AND A.G. PAPAYANNIS?* 


SUMMARY 

Platelet function tests were performed on 15 patients 
undergoing major operation preoperatively, during 
anaesthesia and 30 minutes and 3 hours after the 
beginning of operation. It was found that during 
anaesthesia platelet retention in a glass bead column 
and platelet aggregation were slightly reduced. During 
operation the bleeding time and the delay period of 
the collagen-induced aggregation were progressively 
prolonged, and the aggregation induced by ADP at a 
final concentration of 1 and 2 um and by adrenaline was 
progressively reduced. 


PLATELET retention in a glass bead column, platelet 
aggregation and the electrophoretic mobility of 
platelets are raised postoperatively (Emmons and 
Mitchell, 1965; Hampton and Mitchell, 1966; Ham 
and Slack, 1967). However, very little is known about 
the changes in platelet function tests during operation. 
O’Brien et al. (1971) noted progressive inhibition of 
platelet aggregation by ADP and collagen during 
major operations; aggregation remained abnormal 
1-3 hours postoperatively and returned to normal 
24 hours later. Nevertheless, the behaviour of platelets 
during surgical procedures has not been adequately 
studied. The present paper gives the results of a further 
investigation on this subject. 


Patients and methods 

Fifteen patients with carcinoma of the gastro-intestinal 
tract undergoing various major operations were 
studied. There were 10 males and 2 females, with an 
age range of 42-70 years. Six patients had gastric 
carcinoma, 6 cancer of the colon and 3 cancer of the 
rectum. The operative procedures were gastrectomy, 
colectomy and abdominoperitoneal resection respec- 
tively. In each case the operation lasted for more 
than 3 hours. Patients with carcinoma of the gastro- 
intestinal tract were chosen because some authors 
believe that postoperative thrombo-embolic pheno- 
mena occur in these patients with some frequency 
(Christeas and Balas, 1971). Also, operations for such 
conditions usually last for more than 3 hours and this 
was a prerequisite of this study. 

Each patient was tested four times: 

1. Preoperatively, on the day of operation before 
premedication, which consisted of atropine 0-5 mg 
id. and pethidine 50-70 mg im., 14-2 hours before 
operation. 


2. During the induction of anaesthesia and before 
the beginning of operation. The tests were performed 
3-5 minutes after administration of the following 
anaesthetics: sodium pentothal 300-400 mg i.v., 
succinyl-bis-choline chloride (lysthenon) 50-70 mg i.v., 
halothane 0-3-1-5 per cent and nitrous oxide/oxygen 
mixture 4/2—3/2 (v/v). 

3. During operation, 30 minutes after the beginning 
of operation. 

4. During operation, 3 hours after the beginning of 
operation. 

No drugs affecting platelet function were adminis- 
tered for at least 2 weeks before testing. Also, no blood 
transfusions were given for at least 24 hours before or 
during testing. For this reason patients were prepared 
to be operated on having high haematocrit values, and 
the surgeons were especially careful to perform the 
operations with the minimum loss of blood (however, 
some patients received blood immediately after 
completion of the tests). During testing, all the patients 
received fluid replacement consisting of 1000-1500 ml 
of isotonic saline. 

The following tests were performed: 

1. Platelet count (Brecher and Cronkite, 1950). 

2. Template bleeding time (Mielke et al., 1969). 

3. Platelet retention in a glass bead column. 
Salzman’s method (Salzman, 1963) in a slightly 
modified form was used (Parayannis and Israëls, 
1971). 

4, Platelet aggregation (O’Brien, 1962) by ADP 
at a final concentration of 1-0, 2-0 and 20-0 um, by 
adrenalin (5-0 uM final concentration) and by collagen- 
connective tissue extract prepared according to Hovig 
(1963). The degree of aggregation was expressed as a 
percentage of the maximal fall in optical density. In the 
collagen-induced aggregation the delay period and the 
slope of the aggregation curve were also estimated. 
The adrenalin-induced aggregation consisted of two 
phases; normally the depth of each phase, graded 
0-4+, was 1-3+ for the first phase and 2-4 -+ for the 
second phase. 

5. ADP release from platelets using the aggregation 
method (Weiss, 1967). 
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Table I: RESULTS OF THE TESTS PERFORMED (A) PREOPERATIVELY, (B) DURING INDUCTION OF 
ANAESTHESIA AND (C) 30 MINUTES AND (D) 3 HOURS AFTER THE BEGINNING j 
OF OPERATION 


Normal a 
Test range A B C D A/B AJC AJD B/C B/D C/D 
Platelet count {x 10%) 150-400 2576 2630 2660 241-6 NS NS NS NS NS NS 
+668 -+997 41405 +381-6 
Platelet retention in glass bead 30-65 50-1 47-5 44-4 50-7 NS NS NS NS NS NS 
column (%) 445-0 +184 IS} +18-7 
Bleeding time (min) 1-7 39 39 4-6 4-9 NS <@05 <002 <001 <001 NS 
1-4 EIS aid Erg 
‘ADP-release’ (ug/3 x 10° 2—10 66 6-4 A] 68 NS NS NS NS NS NS 
platelets) 433 238 236 +48 
Aggregation by-— 
Collagen: 
Delay period (sec) 23-60 279 263 29-0 34-4 NS NS <0-05 NS <0-O05 NS 
LPR +105 +47 +122 
Slope (0°) 70-86 84-2 83-7 83-2 84:0 NS NS NS NS NS NS 
44-0 -+36 +42 +48 
Maximal fall of optical 64-100 81:2 80:0 84-1 85-0 NS NS NS NS NS NS 
density (24) 4197 +236 +172 +182 
ADP 1 um (% 11-42 24-0 18-0 17-7 14-2 NS NS «O05 NS <0-05 NS 
+156 --+21-4 °° +25 +18-9 
ADP 2 um (4) 20-73 45-2 40-2 29-6 27-4 NS <005 <0-05 NS <0-05 NS 
Æ 24-7 a 24-6 nie 25-9 =“ 24°8 
ADP 20 um (%) 59--92 75-0 77°5 65-7 65-4 NS NS NS NS NS NS 
+203 +198 -+278 +304 ó 
Adrenaline: 
First phase (4) 1-3 25 22 16 1-7 NS <@01 <005 <001 <0-05 NS 
+07 +08 HEI +3 
Second phase (+) 2-4 3-3 22 1-6 2°0 NS <00 «ogs NS NS NS 
4. 1-4 4-1-8 4-1-9 41-9 


Results given as mean s.d. 
NS, Not significant. 


Details of techniques 4 and 5 are given elsewhere 
(Papayannis et al., 1971; Stathakis et al., 1974). 

For the statistical analysis of the data Student's 
t-test for paired comparisons was used (Bailey, 1959). 


Results 
The results are shown in Table I. 

During anaesthesia slight changes were noted. The 
platelet count was increased, the retention of platelets 
ina glass bead column was reduced and the aggregation 
by all the agents studied decreased. These changes, 
although not statistically significant, were all suggestive 
of slight inhibition of platelet function. 

During operation the platelet counts did not 
significantly change; also, the ADP release and the 
values of platelet retention in a glass bead column 
3 hours after the beginning of operation were similar 
to those before operation. However, the bleeding time 
showed a progressive and slight, but statistically 
significant (P<0-01), prolongation. The aggregation 
by ADP was progressively reduced; 3 hours after the 
beginning of operation the reduction of aggregation 
with 1-0 and 20 um ADP was significant at the 5 per 
cent level. In the collagen-induced aggregation the 
delay period was slightly prolonged during the test; 
the prolongation at 3 hours was statistically significant 
at the 5 per cent level. The adrenalin-induced aggre- 
gation was also slightly but statistically significantly 
decreased. 


Discussion 

Investigation during anaesthesia before making the 
incision showed a slight inhibition of all the parameters 
of platelet function studied. Ueda (1971) found that 
volatile anaesthetics added to canine platelet-rich 
plasma in pressures comparable to those used in 
anaesthesia produced a significant reduction of the 
ADP-induced aggregation. The inhibition found in our 
patients may be due to this effect. 

The operative procedure produced further changes 
of the parameters of platelet function studied, 
suggesting progressive inhibition of platelet function 
during operation. These changes were slight, but 
statistically significant, for (a) the bleeding time, (b) the 
ADP-induced aggregation at 1:0 and 2-0 uM final 
concentration, (c) the delay period of the collagen- 
induced aggregation and (d) the adrenalin-induced 
aggregation. Similar changes of platelet aggregation 
during major operations were reported by O’Brien et 
al. (1971). To explain their findings these authors 
suggested that small amounts of ADP are liberated at 
the operation site and cause a temporary refractory 
state of platelet aggregation. Progressive inhibition of 
platelet function during the operative procedure may 
be due to the effect of prolonged anaesthesia on 
platelets or of other mechanisms coming into action 
during operation. Nevertheless, the results of this 
investigation do not permit further speculation on this 
matter. 


Of special interest are the findings of bleeding time. 
This test gives information of the ability of platelets 
to function normally in vivo in the first step of haemo- 
stasis. In the present study, by using the technique 
introduced by Mielke et al. (1969), which gives 
reproducible results, we found progressive pro- 
longation of the time during operation, indicating 
inhibition of platelet function in vivo. The pro- 
longation, although statistically significant, was slight 
and in no case beyond the normal range. 

On the other hand, the main disorder of the haemo- 
static mechanism after operation is thrombophilia, 
manifested as deep vein thrombosis, the cause 
of which has not been defined. Increased platelet 
function, constantly found postoperatively, might be 
the cause of this thrombosis. However, our findings 
have shown that during operation platelet function is 
not increased but decreased. It seems probable, 
therefore, that the increase of some platelet functions 
observed postoperatively is due to changes occurring 
after the surgical procedure. 

In conclusion, this study has shown that during 
a major operation there is inhibition of platelet 
function. Therefore, administration preoperatively 
of drugs causing platelet dysfunction (such as aspirin, 
dipyridamol, etc.) could enhance blood loss during 
operation. 
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Reviews and notices of books 


Vascular Surgery 

Edited William H. Edwards. 230x 153 mm. Pp. 2537+ xii. 
Illustrated, 1976. Baltimore: Park Press (Lancaster: MTP). 
£13-50. 

Tue title of this useful short practice of arterial surgery ts 
misleading, as the book excludes the surgery of veins. Occlu- 
sive vascular disease including extracranial cerebrovascular 
disease and aortofemoral obstruction is dealt with by Dr 
Edwards and his colleagues at Vanderbilt University School 
of Medicine, Nashville. Here, as elsewhere; the standard 
operative techniques are well described, but the book gives 
insufficient guidance when zot to operate; a suggested 90 per 
cent 10-year patency rate for femoropopliteal vein grafts 
seems optimistic. Renovascular disease and thoracic, abdo- 
minal and peripheral aneurysms are well covered. There are 
adequate descriptions of anastomotic aneurysms, acute and 
chronic arterial injuries, aortic rupture, sympathectomy and 
vasospastic disorders. 

The chapter on the thoracic outlet syndrome ts based on 
the experience of Dale and Lewis with 105 patients, 35 being 
treated by transaxillary excision of the first rib. The reviewer 
is surprised that they found arterial lesions before surgery in 
only 3 patients, since he has seen few convincing examples 
of thoracic outlet compression apart from those with classic 
arterial thrombo-embolic problems. 

Amongst minor criticisms, the chapter on arterial injuries 
leaves out iatrogenic catheter injuries, there is no mention of 
thrombophlebitis in Buerger’s disease and few would agree 
that it is necessary to resect the entire stellate ganglion to 
achieve sympathectomy in the upper limb. A more serious 
criticism concerns the references. Of the 93 references cited 
in the book, only 7 are from countries other than the United 
States. Furthermore and as a corollary, since many excellent 
follow-up studies have been published outside America, the 
reviewer searched in vain for evidence of the long term value 
of many of the procedures advocated. Any new monograph 
intended to condense the experience of the past 25 years of 
vascular surgery for young surgeons entering the field must 
provide adequate long term follow-up data. This otherwise 
good book fails badly in this respect, and for 257 small 
pages £15-50 seems expensive. 

MARTIN BIRNSTINGL 


Cancer Genetics 
Edited Henry T. Lynch. 250x 180 mm, Pp. 639. Hlustrated. 
1975, Springfield, HH: Thomas. 349.50. 


Tas important book attempts to explain in a comprehensive 
fashion the genetic factors involved in the development of 
human cancer. The task is a major one, not only because of 
the wide-ranging and complex nature of the subject but also 
because of the difficulties in defining the emphasis of genetic 
factors even in conditions where they are known to play a 
part. As Dr Lynch stresses in his introduction, genetic studies 
in cancer form but one of many aspects of cancer epidemio- 
logy. It is to the credit of Dr Lynch and his twenty-eight 
contributors that they have succeeded in producing a most 
balanced account of their subject and have done this in a 
clear and well-presented way. 

There are numerous obvious difficulties in studying genetics 
in human cancer, the heterogeneity of humans and the per- 
sonal, psychological, social and administrative factors which 
impede such studies being only some. These are discussed 
fully and mention is made of the newer investigative tech- 
niques, such as the study of oncogenetic viruses and of their 


potential value in detecting a group of people genetically 
predisposed to malignant disease. 

A well-defined and informative chapter on the principles 
of human genetics will be helpful to those with a limited 
knowledge of the fundamentals of genetics, and a glossary of 
genetic terms is included at the end of the book. 

A chapter is devoted to the high incidence of malignancy 
in immunodeficiency conditions; there is a separate chapter 
on immunodeficient disease and the Wiskott-Aldrich syn- 
drome and a full discussion of tumours of the central nervous 
system in patients with immune deficiency. There is consider- 
able overlap and duplication in these discussions, which is 
inevitable when many authors are involved and perhaps 
justified by the thoroughness with which these topics are 
discussed. Chapters on chromosomal studies in cancer epi- 
demiology and the cytogenetics of gonadal tumours are 
particularly weli done and a full account of the genetics of 
endocrine tumours is given, although it is a little surprising 
that the APUD cell hypothesis of multiple endocrine tumours 
is not discussed. Genetic factors in gastro-intestinal and 
mammary cancer are dealt with in separate chapters which 
include complete and valuable family studies. Throughout the 
book emphasis is placed on the importance of detailed family 
studies in indicating clues for the inheritance of human 
cancers. There is a thoughtful chapter on cancer resistance, 
and the question is posed as to whether families remarkably 
free of cancer are protected by genetically transmitted factors. 
in the last chapter a plea is made for a clinically oriented 
multidisciplinary approach to genetic counselling, and there 
follows a list of service units in cancer genetics throughout 
the world. 

This book is beautifully presented and the illustrations and 
clinical photographs are first rate. It is recommended warmly 
as a reference book for all doctors and as important reading 
for those who are concerned with the aetiology of cancer and 
the management of people with malignant disease. 

N. O'HIGGINS 


Intensive Care Instrumentation 
D. W. Hill and A. M. Dolan, 230x155 mm. Pp. 303+ x. 
dilustrated. 1976. London: Academic. £8-60. 


Tus excellent volume surveys in terms comprehensible to 
both the nurse and the doctor the contribution which physics 
can make to clinical measurement, patient monitoring and 
some aspects of treatment in the intensive care unit. It is a 
lucid exposition and is well illustrated. 

A short introduction is followed by chapters on the measure- 
ment of various pressures, cardiac output, the important 
respiratory parameters, selected chemical data and finally 
body temperature. In each case the underlying principles and 
the inherent difficulties of the topic are set out with the 
minimum of mathematical complication. An attempt is made 
in Chapter 5 to tackle the various problems associated with 
automatic ventilation, but this is now a highly complex 
subject which cannot be satisfactorily dealt with in the space 
allotted in this book. The choice of two specific ventilators 
is quite arbitrary and has not fallen on the types commonly 
used in British hospitals. 

An excellent chapter on defibrillators and pacemakers is 
followed by a chapter of equal excellence on the electrical 
aspects of patient safety, after which there are chapters 
devoted to monitoring systems and the use of computors. 

This book can be strongly recommended. 

F, G. SMIDDY 


Current Practice in Orthopaedic Surgery. Volume 6, 1975 
Edited by James P. Ahstrom. 250x175 mm. Pp. 2384+ xii, 
illustrated. 1975, London: Kimpton. £15-70. 


Tris book consists of a miscellaneous group of ten chapters 
covering a wide range of subjects in orthopaedic practice. The 
book is short and the standard of production high. Like all 
multiple author books, the standard of writing and presenta- 
tion varies, some being review articles and others accentuat- 
ing special experience in a particular field. It is difficult in 
these circumstances to pick out particular chapters and inevit- 
ably the reviewer tends to be influenced by personal interest. 

In the chapter on total knee replacement the polycentric, 
geometric, UCI and duocondylar prostheses are described by 
authors with considerable experience with each respective 
prosthesis and the relative merits of these devices are dis- 
cussed. In a field which is changing so rapidly and where 
sO many types of prostheses are now available throughout 
the world this chapter presents the techniques which are pre- 
sumably now popular in North America. Only time and 
particularly a long term follow-up will clarify the many 
controversial aspects of this subject. 

The chapter on haemophilia is practical, precise and clear, 
outlining seven useful principles in the management of compli- 
cations. 

A short chapter from the Mayo Clinic on chronic osteo- 
myelitis in the adult discusses the experience of 186 cases, 
emphasizes the preponderance of Gram-negative rod infec- 
tions and details the methods of management of the bone 
defect after saucerization. 

Knowledge of muluple myeloma is brought up to date 
from the M. D. Anderson Hospital Tumor Institute at Hous- 
ton, Texas, based on a study of 334 cases, and it reminds us 
that this condition must be constantly kept in mind when 
dealing with bone pain, especially lumbar backache, in elderly 
persons. A remission of the disease occurred in 45 per cent 
of patients treated with melphalan and prednisone. 

There is a thoughtful though perhaps long chapter on the 
total care of patients with juvenile rheumatoid arthritis. 

The treatment of established Volkmann’s contracture is 
based on a review of 34 cases with 3 illustrated case reports, 
and provides useful information on a fortunately very rare 
subject. 

This book totally succeeds in its aim, namely that of pro- 
viding up-to-date information as reference material for all 
orthopaedic surgeons. The chapters on some of the less 
common subjects are especially valuable, as this information 
is not easily found in the more standard textbooks. 

A. H. C. RATLIFF 


Letters from the Past. From John Hunter to Edward Jenner 
Pp. 40. 1976. London: The Royal College of Surgeons of England, 
EESO. 


AT least since the time of Cicero who wrote his letters to his 
friends (familiares), Lentulus, the Proconsul, Metellus Celer 
{the Fast One!) and others about 63 B.C., letters or epistles 
have been a valuable source of social comment and an aid 
to the understanding of the background to history and to 
the biography of great men. We all owe a great debt of grati- 
tude to Professor A. J. Harding Rains and Mr E. H. Corne- 
Hus of the Royal College of Surgeons who have collected 
together some of the letters of John Hunter to Edward Jenner, 
and published them in easy, readable form. The added foot- 
notes make them very much more significant. 

You might well ask how Hunter became so friendly with 
Jenner who was 21] years younger. With a stretch of the 
imagination one might say that it was due to the influence of 
Linnaeus who set out in 1732 to travel 4000 miles on foat 
across the Scandinavian peninsula to the Arctic Ocean to 
observe wild animals and to discover new plants when John 
Hunter was only 4 years of age. Linnaeus, however, inspired 
many others by his way of life and his ambition to build up a 
great ‘Systema Naturae’, including James Cook, who sailed 
from Plymouth in the Endeavour in 1768 to survey the Pacific, 
and was accompanied by Sir Joseph Banks. The common 
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interest of Hunter and Banks in natural history no doubt 
brought them together, and when Banks gave Jenner the 
specimens that he had collected during this expedition it was 
inevitable that Jenner and Hunter should become great friends. 

At the age of 20 (1748) Jenner joined Hunter as his resident 
pupil at his house in Jermyn Street, but after 2 or 3 years 
Jenner returned to his beloved Gloucestershire. Their friend- 
ship was man tained by the regular letters that they exchanged 
until Hunter died in 1793. These letters could well be those of 
a father to his son studying natural science at university. `I 
do not know anyone I wd sooner write to than you’, writes 
Hunter, and in another “but why do you ask me a question, 
by the way of solving it. I think your solution is just; bat why 
think, why not Trie the Expt’. When Jenner was crossed in 
love Hunter writes ‘but Jet her go never mind her. I shall 
imploy you with Hedge Hogs’. 

Their mutual interest was not only in hedgehogs, but also 
included cuckoos, the sex of eels, the hibernation of bats and 
why a heron makes a noise. Hunter’s search for knowledge 
was insatiable. “Cannot vou get me a large Porpass for either 
Love or Money’, he writes to Jenner beseechingly, and in 
another, in a rather chiding tone, ‘What is become of your 
paper upon Lead in Cider’. 

These letters, mostly undated, have a refreshing spon- 
taneity, and as Dr Roodhouse Gloyne says in his excellent 
book on John Hunter, ‘are the letters of a full life, bubbling 
over with ideas and questions towhich no man knew the 
answers’. 

What can surgeons learn from these letters? Surely to 
develop an inquiring mind ever unsatisfied by any theory or 
method of treatment they have not tried and found suecessful: 
and to adapt their methods of teaching to be less didactic, but 
rather, to teach less while encouraging their studnects to learn 
more. 

DENIS DOOLEY 


Emergency-room Care 

Edited Charles Eckert. Third Edition. 230x155 mm. Pp. 
480-+-xxii. Hlustrated. 1976. Boston: Little Brown. $12.50 
paperback, $17.50 hardcover. 


THE emergency room in North America has a slightly different 
role from the casualty department in Great Britain, but as 
the rough and tumble of emergency medicine, drug abuse, 
acute surgery, the homeless and the behaviourally disturbed 
increasingly become the lot of urban communities the world 
over the distinction is fading. Thus, much of this refreshingly 
terse and clear book is applicable to us, and so long as there 
is not an exact British equivalent it should be available to 
all casualty officers and nurses. There are a few omissions— 
any mention of Munchausen’s syndrome, details of intra- 
venous cannulation and the effective local management of 
wounds. Many would not agree with the aggressive approach 
to abdominal stab wounds. Such minor criticisms apart, this 
is a useful book and is recommended. 

H. A. F. DUDLEY 


Rational Diagnosis and Treatment 
Henrik R. Wulff. 215 138 mm. Pp. 182-+-x, with 25 illustra- 
tions. 1976, Oxford: Blackwell, £3-75, 


THis interesting litthe book of modest cost examines the 
validity of much of our practice and considers how we should 
logically use our clinical skills in dealing with the problems 
of patients. It also considers the problems of computer diag- 
nosis and gives a fair amount of detail about the difficulties 
of controlled therapeutic trials. It is very well written and 
presents perhaps a philosophy as much as anything else. 
Anyone who reads it is bound to examine critically his own 
way of dealing with things. Established ideas are to some 
extent challenged and suggestions made as to how we should 
think about problems in a different way. If this book is widely 
read and understood it could have a profound influence on 
our clinical practice in the years to come. 

C. G. CLARK 
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Correlative Neuroanatomy and Functional Neurology 
Joseph G. Chusid. Sixteenth edition. 260 * 185 mm. Pp, 448. 
Hilustrated. 1976. Los Altos, Calif.: Lange. No price given. 


Tus book is divided into four sections on: the central nervous 
system, the peripheral nerves and autonomic system, principles 
of neurodiagnosis and central nervous system disorders. The 
book first appeared about 40 years ago, has been translated 
into six languages and two more translations are on the way. 
In its student appeal, the book can be compared with Ranson 
and Clark, Fulton and Walshe. Whatever the opinions and 
criticisms of reviewers, the book obviously meets the needs 
of both undergraduates and postgraduates. Without doubt, 
this is the book for the examinee. 

There are many tables of associated information and mast 
of the illustrations are line drawings. Brief mention is made 
of many of the findings at the growing edges of anatomy, 
physiology, biochemistry and pharmacology. The more recent 
speculations about pain and pain pathways do not appear, 
but the explanation of the function and malfunction of the 
basal nuclei is now in terms of their chemical transmitters 
rather than in their fibre connections. Many modern diag- 
nostic investigations (e.g. EMI scans) are outlined and their 
application indicated. 

Throughout, the emphasis is on the clinical aspects of 
neurology. This leads occasionally to a rather cursory sum- 
mary of many modern findings. The chapters on congenital 
defects, vascular diseases, trauma and tumours contain 
summaries which would be useful to the surgeon, but the 
chapter on the cerebrospinal fluid is short, and elsewhere 
only a brief mention is made to the blood-brain barrier. 

The use of eponyms to describe the innumerable variants 
of syndromes and signs is an occupational hazard of neuro- 
logists and not all names appear in the index. Even in this 
age of diminished classical education it is rather patronizing 
to have to read ‘hypoglossal hemiplegia alternans (alternating 
hypoglossal hemiplegia)! 

J. T. AITKEN 
Modern Stoma Care 
Edited Frank C. Walker. 235 x 160 mm. Pp. 193. Illustrated. 
1976, Edinburgh: Churchill Livingstone. £8. 


One of the more important innovations in colorectal surgery in 
the past few years has been the elevation of the detailed care of 
colostomies and ileostomies into a speciality—-so-called 
‘enterostomal therapy’. The recent publication of the elegant 
and well-illustrated book by Frank Walker and his colleagues 
on this theme is thus most timely. However, it is not quite 
clear exactly for whom the book is intended. The publisher's 
blurb and editor's preface express the hope that it may be 
helpful to doctors, stomal therapists and patients, but with its 
discussion of all three forms of stoma (ileostomy, faecal and 
urinary and colostomy) and its account of some aspects of 
surgical treatment and complications, it would not really be 
appropriate material for the average ileostomy or colostomy 
patient. As regards its suitability for surgeons, though it does 
provide some background information about the underlying 
diseases for which stomas are established and some details of 
operative technique, the data are of limited value and could not 
replace standard texts. It is unquestionably the stomal therapist 
who will find this book most helpful, even if some of the 
material in it is likely to be beyond her needs and grasp. 

The authors take a much broader view of the role of the 
enterostomal therapist than that generally held and would also 
place her in a somewhat unusual environment. As they see her 
role, she should be concerned not merely with the detailed care 
of enterostomies but also with securing convalescence, better 
sanitation and housing and ‘meals-on-wheels’ for patients with 
stomas—duties which are generally regarded as falling properly 
within the ambit of the medical social worker. It is hard to 
believe that the stomal therapist, untrained in the latter 
activities, would be any more successful in securing a meagre 
share of the sadly inadequate supply of these facilities available 
in our currently impoverished economy and creaking Health 
Service. The suggestion that the stomal therapist should be 
located in a community health centre in conjunction with 


general practitioners rather than in hospital closely associated 
with the surgical services could certainly have some advantages 
as regards the convenience of the patients, but will probably 
strike most surgeons as unacceptable. The average family 
doctor knows and cares a great deal less about the management 
of stomas than does the average surgeon, and certainly than 
surgeons with a special interest in colorectal work, and it would 
seem wrong that the stomal therapist should have her work 
supervised largely by him instead of by a surgeon. 

When one turns from these more debatable general issues to 
technical considerations in regard to stomal therapy, m can be 
said at once that the advice proffered is eminently sound and 
clearly presented. One of the difficulties in this rapidly evolving 
subject is to keep up to date with changes in fashion due to the 
arrival of new and allegedly better products on the market, and 
this book with its emphasis on rubber ileostomy bags does not 
quite succeed in reflecting the extent of the swing in the past 
two or three years towards plastic appliances. It is also surpris- 
ing to find a museum piece, like the twill belt with Perspex 
plate, still being seriously recommended for certain colostomy 
cases. It is disappointing that the well-nigh indispensable 
proprietary preparation, Stomahesive, which has been available 
since 1973, is nowhere mentioned in the text proper, though it 
does receive warm commendation in an appendix at the end. 
in regard to plastic appliances, it is regrettable that in the 
account of the excellent Hollister ileostomy bag no comment is 
made on the great tendency of the adhesive of this appliance 
peripheral to the karaya washer to cause severe cutaneous 
irritation unless a Stomahesive square or other materia! is worn 
between the adhesive and the skin. 

J. C, GOLIGHER 


An Introduction to Experimental Surgery. A Guide to Experi- 
menting with Laboratory Animals 

Edited J. De Boer, J. Archibald and H. G. Downie. 245 x 175 mm. 
Pp. 679-+xxvii. Illustrated. 1973. Amsterdam: Excerpta 
Medica. Ne price given. 


Tuts book is subtitled A Guide to Experimenting with Laboratory - 
Animals, and in the introduction H is pointed out that the 
purpose of the book is to provide technical and practical 
information when experimenting with animals and a discussion 
of the standardization of basic procedures and applying such 
standardized techniques so that results from different labora- 
tories can be compared. It is then stated that the book should 
be useful for scientists, students and professors in disciplines 
such as human and veterinary medicine, biology and zoology. 
Surgery is not mentioned. 

Experimental surgery differs from applied physiology in that 
its objectives are clinically orientated, although the help of the 
basic sciences is often required. The book has been written 
primarily by veterinary surgeons, and tn the reviewer's opinion 
this detracts from its usefulness to clinical surgeons doing 
experimental work. For example, there is a considerable 
portion of the book devoted to anaesthesia, care of instruments 
and surgical technique including tying knots—matters that 
should not require separate elaboration for a surgeon. How- 
ever, the chapters on experimental design, statistics, collection 
of data and the appendices containing measurements of 
different constituents in individual species are all useful. Since 
the interests of surgical experimenters vary so greatly, it is 
impossible to produce in one volume a comprehensive guide, 
and obviously the individual contributors have expressed their 
own particular interests. It is doubtful whether the subjects 
covered represent a fair cross-section of the main work in 
progress in surgical departments throughout the world. There 
is insufficient space allotted to descriptions of classic experi- 
mental preparations. For example, vagotomy and transplan- 
tation do not even appear in the index, yet gastric physiology 
and organ transplantation are two of the chief pursuits of 
surgical laboratories in the United Kingdom. 

The main use for this book would be on the shelves of a 
surgical laboratory for reference use by technicians and 
research workers when certain difficulties arise, as the book 
may contain helpful information. | 

R. Y. CALNE 
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“It is concluded that maintenance treatment of ulcerative colitis 
with sulphasalazine (salazopyrin) should be continued 


indefinitely unless contraindicated by side effects: 


. The results of the above controlled trial carried 


i pe out at the Nuffield Department of Clinical 


> Medicine, Radcliffe Infirmary; Oxford are all the 


J. more welcome as earlier trials of cortisone? and 
|» ‘prednisone’ at standard dosages have shown them 


to be ineffective in. reducing the number of 
recurrences of ulcerative colitis. 

| “Fortunately, Sulphasalazine tablets, 0.5 grams 
4 times a day will prevent relapses i in the majority 


“The patients who received 
dummy tablets had more'than four 
times the relapse rate of those 

oe sulphasalazine”’. f 
pi Seana: 


Salazopyrin is a registered trade mark. 


geeraaevearen adie k LRU de plete ptt ate de ANAA tethered rd tre dn 


& ‘A striking diference in the maps rate E 


ENEE ae 






ʻi 


of patients with colitis, and only a few patients 
cannot tolerate this relatively’ small dose, which _ 
can be continued indefinitely since we do not know — 
when, if ever, it can be safely stopped”.* = a 
Salazopyrin (sulphasalazine) is available as the 
plain o.5g. tablet, o.sg. EN-tab and as an 0.5¢. 


suppository. Literature and detailed. information 
on Salazopyrin are available on request, 
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Both groups of patients had been 
satisfactorily maintained for 1-5 years 
on Salazopyrin prior to the study, in 
which they took Salazopyrin or 
placebo for 6 months. 
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Shiley 
embolectomy 
catheter 


A sterile, single-use embolectomy catheter with integral stylet, 
supplied complete with syringe. 
it is loosely coiled in a moulded protective tray and enclosed:in a 
peel-wrap pack for convenient storage and sterile transfer, 
A cólour-code system provides quick identification of the catheter 
diameter. 
A fully descriptive leaflet is avaäitable on application. 


For further information please contact: 
Chas F. Thackray Limited, Head Office: PO: Box 171 Park Street, 
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The discovery that will 


revolutionise the treatment 


of peptic ulcers and. 


retlux oes 





A real breakthrough 


Due to its dramatic reduction of gastric acid 
secretion ‘Tagamet’ has achieved quite remarkable 
results in peptic ulcers and reflux oesophagitis. 

Complete healing of duodenal and gastric 
ulcers!2.3.4 (proven endoscopically) is seen in most 
patients after 4 weeks’ treatment. 

Complete healing or marked improvement of 
reflux oesophagitis® has frequently been obtained 
within 8 weeks. 

Early symptomatic relief is normally achieved 
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in patients receiving “Tagamet treatment. 

Furthermore, ‘Tagamet is well tolerated with minimal 
side effects which, together with its convenient dosage, 
means ‘Tagamet is well suited to everyday treatment. 

‘Tagamet’-for patients with suspected or confirmed 
benign gastric or duodenal ulcer or reflux oesophagitis, 
and for patients in whom the reduction of acid 
secretion is likely to be beneficial. 


The discovery 


Until recently, one aspect of gastric physiology 
remained paradoxical-—histamine was known to be a, 
potent stimulant of gastric acid, yet conventional 
antihistamines were totally inactive in this area. 
Confronted by this apparent anomaly investigators 
began to suspect that there might in fact be two types 
of receptor site for histamine-one mainly for allergic 
reactions (H,) and the second for gastnc acid 
secretion (H,). 


ere 
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Tagamet 


ophagitis 


In 1964, the SK&F research team set out to find anew 
class of therapeutic agent by chemical modification 
of the histamine molecule. They were seeking an agent 
capable of blocking the action of histamine at the H2 
receptor site, just as conventional antihistamines do at 
the H, site. After 12 years of extensive research, this 
search has resulted in the development of ‘Tagamet’ 
the Hz receptor antagonist, with the fundamental 
property of controlling gastnc acid secretion?’ 


References: 

Cimetidine in the treatment of achive 
Lancet, ii, 16] 

2. Short-term and maintenance cimetidine treatment in severe duodenal 
ulceration. The Second International Symposium on Histamine H, Receptor 
Antagonists, London, October 1976. in Press 

3 Healing of gastric ulcer during treatment with cimetidine, (1976), Lancet, 1, 337 

4. Treatment of gastric ulcer by cimetidine. The Second International Symposium 
on Histamine H, Receptor Antagonists, London, October 1976. In Press 

5 Cimetidine in the treatment of oesophagitis. The Second International 
Symposium on Histamine H, Receptor Antagonists, London, October 1976 in Press 

6. 24-hour control of intragastric acidity by cimetidine in duodenal ulcer patients, 
(1975), Lancet, ii, 1069 

7 Intibition of food-stmulated gastric acid secretion by cimetidine, (1976) 


Gut , 17, 16) 


juodenal and prepyloric ulcers, (1975 


‘Tagamet (cimetidine) is 
available as 200 mq film 
coated tablets 

200 mg/5 m! syrup and 
200 mg/2 ml parenteral 


SKSSF 


Full prescnbing information is available fron 
Smith Kline & French Laboratones Limited 
Welwyn Garden City, Hertfordshire AL7 IEY 
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Parathyroidectomy : extent of resection and late results 


Resection of an unusually large goitre 


Pulsion intubation for palliation of carcinoma of the oesophagus 


The mechanisms of traumatic rupture of the thoracic aorta 
Aneurysms of the femoral artery 


Retrograde jejunogastric intussusception: report of 2 cases 


Carbohydrate tolerance with portal and systemic venous 
drainage of the pancreas 


Portal hypertension treated by left gastro-epiploic to left renal 


vein anastomosis: case report 
Arterial hypoxia in acute pancreatitis 


The amylase creatinine clearance ratio in acute pancreatitis 
Multiseptate hypoplastic gallbladder 


The medium term results after profundaplasty 


Treatment of critical ischaemia of the lower limb by venous 
arterialization: an interim report 


Prosthetic replacement of a long segment of vein in the 
treatment of a lower limb injury 


Agenesis of the vermiform appendix in a thalidomide child 


Carcinoma of the large bowel presenting as a subcutaneous 
abscess of the thigh: a report of 4 cases 


Prostatectomy: its safety in an Australian teaching hospital 
Herniation through the foramen of Morgagni in children 
Secretagogue-produced duodenal ulcers in the rat 


Penetrating airgun injuries of the head 


Reviews and notices of books 


© John Wright & Sons Lid and the respective contributors named above, 1977, 


rhe detain Sapamananetcac ee Cece ECT EE rte ANANSI e Lan Pee ate rH nfm ran i: 


T. J. C. Cooke, J. H. Boey, 
E. C. Sweeney, J. M. Gilbert and 
Selwyn Taylor 


Adrie E. Manoppo 


M. M. Hegarty, I. B. Angorn, 


J. V. Bryer, B. J. Henderson, 
B. T. Le Roux and A. Logan 
Simon Sevitt 


Mohan Adiseshiah and 
David A. Bailey 


J. L. Edwards and D. A. Aubrey 


Jack Collin, R. M. R. Taylor 
and Ivan D. A. Johnston 


S. Stipa, P. Scaramuzza and 
M. Lombardi 


C. W. Imrie, J. C. Ferguson, 
D. Murphy and L. H. Blumgart 


W. R. Murray and C. Mackay 


P. K. Jena, R. A. Hardie and 
M. Hobsley 


Peter Martin and John Bouhoutsos 
A. G. R. Sheil 


S. S. Tachakra and J. E. M. Smith 


J. E. G. Shand and D., N. Bremner 


W. S. J. Mair, W. A. F. McAdam, 
P. W. R. Lee, K. Jepson and 
J. C. Goligher 


R. Sach and V. R. Marshall 
G. G. Thomas and N. R. Clitherow 


S. N. Joffe, R. J. Gaskin, 
A. A. J. Barros D’Sa and 
J. H. Baron 


M. D. M. Shaw and S. Galbraith 


All rights reserved, No part of this publication may be reproduced, stored in a retrieval system or transmitted in any other form 
or by any means electronic, mechanical, photocopying, recording or otherwise without prior permission 
of the copyright owner, for which application should be made to John Wright & Sons Ltd, 























Aesculap's production line includes over 10,000 surgical instruments 
and devices for almost all surgical techniques. Every year more than 
7 million items leave our factory to be made available fo surgeons, 
doctors and nurses throughout the world. 


The tremendous growth of our concern began more than a century 
‘co ago, with the idea of its founder to start mass production of instru- 
ments in order to manufacture them more economically and less 
expensively. Within 20 years of the establishment of our company 
in 1867 the number of workers had risen to 400. 


For over a century Aesculap-Werke has enjoyed tts repulalion as 
being the largest manufacturer of surgical instruments inthe world. 







se nee oe 
PIELE LE] 
Bagh 32:5 3% 
TELE RLE! 
geese £2998 


AESCULAP 


AESCULAP-WERKE AG .0-7200 TUTTLINGEN - W. GERMANY 





Sole agents: 


England and Wales: Scotland: 

Mercian Surgical Supply Co. Lid. Ross & Hilliard Lid. 
183, Corporation Street 33, Albert Square 
Birmingham, B4 GRP Dundes, DO BRZ 


Br. J. Surg. Fol, 64: March 1977 


Editorial Notices and Instructions to Authors 


Original Articles should be sent to the Editorial 
Secretary, British Journal of Surgery, clo John Wright 
& Sons Ltd, Bristol BS8 IEX. Acceptance is on the 
understanding that contributions are to this journal 
only, and that articles and their illustrations become 
the property of the Journal unless rights are reserved 
before publication. Original illustrations must be 
securely packed and protected. 


Business Communications should be sent to John Wright 
& Sons Ltd, British Journal of Surgery, Bristol BS8 LEX. 
Remittances should be made payable to The British 
Journal of Surgery. 


Binding: Handsome Cloth Cases may be obtained 
for binding Vol. 62. Case, £3-00 post free; case and 
binding, £10-00 post free. Cases are also available for 
some of the earlier volumes. Applications should be 
made to the Publishers, who will also undertake the 
binding if desired. 


Advertisements: All communications should be 
addressed to Hexagon Publishing Co. Ltd, 10 Spencer 
Street, St Albans, Herts AL3 SEG (telephone St 
Albans 60641). 


Manuscripst 

Two good quality plain paper photocopies of all 
written and tabular material should be submitted and 
the original retained by the author; such manuscripts 
will not be returned whether accepted or rejected. 
Double spacing should be used throughout, except 
for quotations. Each article should be accompanied 
by a summary, suitable for publication. 


Illustrations and tables 

Illustrations should also be submitted in duplicate 
clearly marked on the back to show number, orienta- 
tion and author. Legends should be typed on a 
separate sheet. For halftones, unmounted glossy 
photographs or positive prints (not X-ray negatives 
or slides) are required. Colour prints should be 
accompanied by the original transparencies and a 
contribution to the cost of reproduction is always 
necessary. Drawings must be ready for reproduction; 
a leaflet giving details of the preparation artwork is 
available from the publishers and must be consulted. 
Tables should be typed on separate sheets and should 
have a Roman identifying number plus a short 
descriptive heading. All illustrations and tables must 
be referred to in the text. 


Presentation of statistics 
Authors are reminded that: 

a. The methods section of a paper should con- 
fain a mention of any statistical technique used. If 
the method is new or unfamiliar either a reference 
should be given or a description included as a brief 
appendix. 

b. If alternative techniques could have been applied 
to the data, a short justification of the method is often 
appropriate. 

c. In clinical trials the confidence or tolerance limits 
of the results should be quoted, particularly when 
formal statistical significance at the 5 per cent level is 
only just reached. 

d. Abbreviations for statistical terms should follow 
those used in Documenta Geigy Scientific Tables, 7th 
edition, 1970. 


ST units 

It is Journal policy to use SI units except for measure- 
ment of blood pressure, where mm Hg is preferred. 
Authors should consult: Baron D. N., Broughton 
P. M. G., Cohen M., Lansley T. S., Lewis S. M. and 
Shinton N. K. (1974) The use of SI units in reporting 
results obtained in hospital laboratories. J. Clin. 
Pathol. 27, 590-597. Reprints are available from the 
British Medical Association, London. 


References 

The citation of references should follow that of the 
Reference Citation Recommendations issued by 
the Medical Section of the Library Association. 
Copies of these recommendations can be obtained 
from the Secretary, Medical Section, The Library 
Association, 7 Ridgmount Street, London WCIE 
TAE. 

The name of the author and the date of publication 
are given in the text; the list of works cited is put at 
the end of the article, arranged in alphabetical order 
of authors’ names. When references to two or more 
works by the same author occur, they are arranged 
chronologically. More than two authors may be 
indicated in the text citation by the words ‘et al’, 
following the name of the principal author; on the 
rare occasions when this may lead to confusion, the 
text citation should name as many of the collaborating 
authors as are necessary to identify the work cited. 
When several works published by the same author(s) 
in the same year are cited, they should be distinguished 
by the letters a, b, c, etc., placed immediately after the 
date. 











+ 
In the list of works cited each reference to a journal 
article should give, in order: the names and initials of 
all authors, the year of publication (in parentheses), 
the title of the paper, the abbreviated name of the 
Journal (as used by Index Medicus since 1971; if no 
abbreviation give full title), the volume number 
(arabic numerals underlined) and the numbers of 
first and last pages of the article. A reference to a 
book should give, in order: the names and initials of 
all authors, compilers or editors, date of publication 
(in parentheses), the title of the book, the edition 
number (if other than first), the place of publication, 
the publisher’s name and, where appropriate, the 
number(s) of the page(s) referred to. A reference to a 
contribution to a book should give, in order: the 
names and initials of all authors of the contribution, 
the date of publication (in parentheses) and the title 
of the contribution; then, after the word ‘In:’, there 
should follow: name(s) and initial(s) of the author(s) 
etc. of the book, the title of the book, the edition 
number (if other than first), the place of publication, 
the publisher’s name and the numbers of the first and 
last pages of the contribution. 
Titles of papers and books should be given in the 
original language, with titles in Cyrillic and Greek 
alphabets transliterated. 
Only in papers in which many and frequent references 
have to be made should the items be numbered: the 
numbers may then be inserted in the text without 
interrupting it with a list of names and dates. 


Examples 

References to periodicals 

BURKE D. C. (1961) The purification of interferon. 
Biochem. J. 78, 536-563. 

CRICK F. H. C, and WATSON J. D. (1956) Structure of 
small viruses. Nature (Lond) 177, 473-476. 


In an anonymous paper where the name of the journal 

is used for quotation it is not repeated: 

BRITISH MEDICAL JOURNAL (1969) 
dyspnoea. 4, 382. 


Psychogenic 


For journals without volume numbers the page 

numbers are indicated by pp. 

ISLIP P, J. and WHITE A. C. (1964) Some reactions of 
2(3-oxindolyd) ethylamines. J. Chem. Sec. 
pp. 1201-1204. 


vi 


References to non-periodical literature 

Books . 

PAZZINI B. (1941) La Medicina Primitiva. Milano, 
Arte e Storia. 

SAXTON H, M. and STRICKLAND B. (ed.) (1972) Practical 
Procedures in Diagnostic Radiology, 2nd ed. 
London, Lewis. 


Contributions to books 

PORTERFIELD J. S. (1963) Interference and interferon. 
In: HARRIS R. J. (ed.) Techniques in Experimental 
Virology. London, Academic Press, pp. 305--326. 


Contributions to symposia 

GRAY J, A. B. (1962) Coding in systems of primary 
receptor neurons. In: BLAMENT J. Ww. L. (ed.), Bio- 
logical Receptor Mechanism, Symposia of the 
Society for Experimental Biology, No. 16. 
Cambridge, Cambridge University Press, pp. 
345-354, 


Congress Proceedings 

CORNFORTH J. W., CORNFORTH R. H. and MATHEW K. K. 
(1959) A new stereo-selective synthesis of olefins 
and its application to the synthesis of all-trans- 
squalene, In: MOSETTIG E. (ed.), Biochemistry of 
Steroids. Proceedings of the Fourth International 
Congress of Biochemistry, Vienna, 1-6 September 
1958, vol. 4, pp. 59-60, 

LOFTS B. (1965) Seasonal lipid changes and their 
possible significance in the testis of Anura. In: 
Proceedings of the Second International Congress 
of Endocrinology, London, 17-22 August 1964, 
Amsterdam, Excerpta Medica, pp. 100-105. 
(Excerpta Med. Int. Congr. Ser. 83). 


Series details should be included when they assist in 

identification of the reference, as in the example 

preceding, or that following. 

SAINSBURY P. (1955) Suicide in London. London, 
Chapman & Hall. (Maudsley Monograph No. 1.) 


Reprints 


` A form for ordering reprints together with a price list 


is sent to the author with the proofs. Reprints should 
be ordered when the proofs are returned. Single 
reprints of an article must be obtained from the 
author, not the publisher. 






When 
pseudomonas 
threatens... 








Bee 


Pyopen infusion 


Only Pyopen offers you good activity against 
pseudomonas and proteus with the safety of 
penicillin. 

In the published papers, Pyopen’s success rate 
in systemic Gram-negative infections is 76%, 
even though most of the patients were severely 
ill with pseudomonas infections. Pyopen is also 
suitable for long-term therapy and for patients 
with lowered host defences. 


The best results are achieved with a dosage of 
5g I.V. 4-6 hourly. Pyopen infusion makes this 
dosage simple to administer by providing 
Pyopen in ready-to-use infusion bottles with 
diluent and transfer needles for the easier 
preparation of infusion solutions. 


Adult Dosage 5g I.V. 4-6 hourly. 

In patients with renal impairment dosage may be reduced: 
monitoring is advisable in these cases to ensure adequate serum antibiotic levels. 
Contra-indication Penicillin hypersensitivity. 

Side-effects As with other injectable penicillins. In rare cases, skin and mucous membrane 
haemorrhages due to interference with normal clotting mechanisms have been reported. 


D a 


PYODEN-pby infusion orinjection | 


Sa Further information is available on request. 
® Pyopen* (carbenicillin sodium B.P.) is a British product originated by 


* 





eal 
“TF 
Wi Beecham Research Laboratories, Brentford, England. *regd. 





99% 
Utilisation 


99 





Pre-operative Aminoplex 5 800 kilocals 
appears to reduce morbidity not enough 


ee 
ee 66 66 


0.25 mg 3 days: 
per kg body-weight too late 
per 24 hours 



























A significant reduction in 
post-operative infection 





0.25 mg 
per kilo 





Nutrition: recovery 


lex 5 


“The practical advantage of 
intravenous feeding solutions 

= which contain amino acids 
and calorie source in the same 
bottle is that of simplicity. 
The use of a one bottle 
solution does not remove the 
responsibility for assessing 
the requirements of a patient, 
neither does it prevent the 
meeting of those requirements” 


2 


-l : 
ii 
EEEE? 
EEL, 
ERA» 
nt 
$3 ge 
HH 
232 
Ti 
F: 
C i 
{i 
H 
EA ji 
$i 
E HE 
ti 
J: 
HH 
ži 
$3 
Hi 
ti 
4 F 
iS 
ši 
i 


— a principle supported by 
more biochemistry on more ill 
patients than any other regime 
of parental nutrition 








PA tah girded rarmsehpirt ted le BANA Ay Pr AA NCA RACAMAC CAM SCHR HA AHERN BRANT HSNO MASA COR J CAE CLA RRR ENR aMRS ORCC Hmmm Reyna TT mle sara sar emt Ded AA Te 





Geistlich Chester 
Newton Bank 


Long Lane 
Chester CH2 3QZ 


Telephone 
Chester 47534. 


NEW DeBakey | 


OIF UPCATCC a a 
INTerNnal 








FOR IMMEDIATE 


SUPPLIES 
VOOU $ a sutured DE TAILED 
= LITERATURE 
















Featuring the unique USCI plush Internal Velour Surface 






rd unobstruct surface 
p a ast 


G.U. Manufacturing Co. L er ero 


Nar — from 
Plympton Street, ar products — 
AN usei tock’ 
London, NW8. Tel: 01. 723.9287, a Stos” 


Br. J. Surg. Voi. 64: March 1977 








Churchill Livingstone 





Introduction to Research in Medical 
Sciences 

A. Cuschieri and P. R. Baker 

226 pages illustrated £395 

This book has been written mainly for postgraduates 
about to embark on research in the biomedical or 
clinical sciences, and is particularly suitable for 
those submitting the results of their individual 
research for a higher degree. In addition, it will be of 
interest to all about to undertake research w ork, 
including graduate research assistants and non- 
graduate technicians, 

The book gives a broadly based introductory account 
of biomedical research which can be read straight 
through, so giving the reader an overall under- 
standing of the principles and practice of research 
work. Subsequently it should provide a useful 
reference during the initial period of study. The 

text deals with all aspects of research in a logical 
sequence from the initial stages of literature review 
and experimental design, to data analysis and 
presentation of results in verbal or written form. 


Information is given relating to research posts, the 
organisation of research and the requirements for the 
use and selection of laboratory animals, The 
principles of animal experimentation, laboratory 
techniques, and clinical trials are presented together 
with useful practical details. 


Scheduled for publication in May 


The Presentation of Original Work 

in Medicine and Biology 

Hugh Dudley 

112 pages illustrated £250 

This is a general account of the principles and 
practice of writing papers and of the presentation of 
short communications at scientific meetings. It is 
written with particular emphasis on the organisa- 
tional and practical aspects of communication. All 
those involved in research medicine and biology will 
find this book invaluable, whether as a manual for 
the beginner or as a source of reference for the 
experienced. 


Churchill Livingstone 23 Ravelston Terrace Edinburgh EH4 3TL 








Br. J. Surg. Vol. 64: March 1977 


Anyone 
who's everused 
a scalpel knows 
the name of 
Swann Morton. 

The makers 
of the best 
surgical blades 
in the world. 

A name that 
guarantees the 
highest quality 
possible. 

Sterilized 
Carbon Steel 
Blades. 
Sterilized 
Stainless Steel 
Blades. 
Standard 
Carbon Steel 
Blades. Sterile 





scalpel. 


Swann-Motten 


Disposable See MORTON LIMITED 

4 pein} Y f 
Stitch Cutters. OWLERTON GREEN. 
Surgical SHEFFIELD S6 2BJ, ENGLAND. 
Handles. 





xi 








~ Prevent DVT this 





Powley-Doran 


are completely 













= 


R piy areasimple, safe and 

ef ecti ive weapon in the fight against Deep 

Vein Thrombosis ~a major cause of post 

operative complications and death. 

DVT. can be prevented or dramatically 

: reduced without the need for drug therapy 

~ by maintaining the venous flow in the calf — 

< muscle of the anaesthetized patient 

during surgery | 

<- The application of the Powley- -Doran Leg. 

Gaiter provides a controlled electrical. 

stimulation to the gastrocnemius soleus 

~ calf muscle ‘pump’ which has been shown 

-to provide a convenient method of 
preventing venous stasis thus reducing 
or eliminating deep vein thrombosis. 


| safe and simple way, 


Electronic Gaiters 
Self-contained. 


-Et Adjustable output _ 


“2. POWEL M a00 DORANE SA-LANCET, 19731406 
= BRONSEN and NEGUS ~B.M.. 1970-3668 





| Battery Operated — 7 
C No trailing wires or tubes 






Ey Sanat independent uni it for wich kg 
CI Simple and rapid: attachment to patien 
CI Adjustable for all sizes of patients — 
CI Compl aeiy Self Contained 


DORAN ESA REMA 19764, 193 
DORAN FSA =B HOSP: MED. 197112773 


Downs Surgical 


_ ~sSimply the best 





as 


a> 
4s 
4, 










Clamps with precision-set 
atraugrip jaws. They make things 
easier for the surgeon, safer for the 
patient with their non-traumatising, firm 
yet gentle grip. There are 58 atraumatic clamps 
in the Seward range, all made of stainless steel. 
In our tungsten carbide range, every instrument 
has jaws or cutting edges of bonded tungsten carbide — the 
hardest of all alloys. There are 60 of these instruments — 
needleholders, tissue forceps, dissecting forceps and scissors — all 
made of satin-finish stainless steel, with gold-plated bows or ends. 
If you'd like to know more about these superb quality Seward 
instruments, send for our Atraumatic/ Tungsten Carbide 
catalogue. We'll be delighted to show you our jaws. 


Bu Seward surgical 


Seward Hinges UAC House, Blackfriars Road, London SE1 9UG. Telephone: 01-928 9431 


A member ot the Medical Division of UAC International 


tiie tS 
2 





At, 
S Lone ik 
N Sy, T rN 


THE STRUVA — anti- embolism stocking indide 


Available in two compression strengths: NORMAL—for pre- and postoperative use 
FORTE—for the ambulatory patient 


Further details from the sole U.K. agents: 


PHARMACEUTICAL RESEARCH (S.T.D.) LTD. 


6 & 7 BROAD STREET, HEREFORD. 


Br. J. Surg. Vol. 64: March 1977 xiii 





winter- ibe 


CONTINUOUS IRRIGATION 
RESECTOSCOPE 


* Choice of 4 working elements * Eliminates TUR Syndrome 
* Constant clear vision * Low pressure — less fluid 
* Reduces operating time * Dry floor — dry surgeon 








Use with Baumrucker, Iglesias, 
Nesbit or McCarthy working elements. 


ee ee ee E 
d 


The Winter & Ibe instrument can only be evaluate 
in Theatre. Please ask your representative to call on 

























2.52 3 Name 
(Hospital Contracts) Co Ltd., semen ECU Address 
4 Dollis Park, London N3 1HG. n ~~ ata į g 
Tel: 


Telephone: 01 3491081 









—— 


XIV Br. J. Surg. Vol. 64: March 1977 


THACKRAY 


\ 


Key kange Genera Surgery 


The Key Range of general surgery instruments have been introduced to meet the 
needs of the discriminating surgeon and the cost conscious hospital. 
Selected for their overall popularity, they combine the finest qualities of the 
craftsman's skill with modern engineering techniques. 

Traditional Thackray high quality, at a competitive price, with 
immediate delivery. 


For further information please contact: 















rere i 


AAN 
a 44 tiie 
peers Tare 


“It is concluded that maintenance treatment of ulcerative colitis 
with sulphasalazine (salazopyrin) should be continued 
indefinitely unless contraindicated by side effects”” 


The results of the above controlled trial carried 
out at the Nuffield Department of Clinical 
Medicine, Radcliffe Infirmary, Oxford are all the 
more welcome as earlier trials of cortisone’ and 
prednisone’ at standard dosages have shown them 
to be ineffective in reducing the number of 
recurrences of ulcerative colitis. 

“Fortunately, Sulphasalazine tablets, 0.5 grams 
4 times a day will prevent relapses in the majority 


“The patients who received | 
dummy tablets had more than four 
times the relapse rate of those | 
receiving sulphasalazine’’. | 
(Salazopyrin). 

| 
| 
f 


Salazopyrin is a registered trade mark, 


Further information on request from = 
Pharmacia (Great Britain} Ltd. 
Paramount House, 

75 Uxbridge Road, 

London Ws 58S. 





of patients with colitis, and only a few patients 
cannot tolerate this relatively small dose, which 
can be continued indefinitely since we do not know 
when, if ever, it can be safely stopped’’.* 


Salazopyrin (sulphasalazine) is available as the 
plain 0.5g. tablet, 0.5g. EN-tab and as an o.sg. 
suppository. Literature and detailed information 
on Salazopyrin are available on request. 


he aa TRO 


Ca striking difference in the relapse rate", “| 


H 
i 
o Both groups of patients had been 
satisfactorily maintained for 1-5 years 
i ; on Salazopyrin prior to the study, in 
Remission | which they took Salazopyrin or 
maintained | placebo for 6 months. 


1, Gut (1973) 74923 ~ 926 

2. Brit. med. J. (1959) £ 387 ~ 394 

3. Lancer (1965)7 188 ~— 189 

4. General Practitioner (1972) April 7 pur 


Pharmacia 





xvi 


‘Telephone: 01-$79 0102/7 


Br. J. Surg. Vol. 64: March 1977 


| 
| 


The British Journal of Surgery 


Vol. 64: No. 3: March 1977 





Br. J. Surg. Vol. 64 (1977) 153--157 


Parathyroidectomy: extent of resection and late results 
T. J. C. COOKE, J. H. BOEY, E. C. SWEENEY, 


J. M. GILBERT AND SELWYN TAYLOR* 


SUMMARY 
Opinion is divided as to the necessary extent of para- 
thyroid resection in primary hyperparathyroidism. 
Some surgeons urge that subtotal parathyroidectomy be 
performed routinely, while ethers reserve subtotal 
resections for patients with parathyroid hyperplasia. 
In a review of 102 patients treated by parathyroid- 
ectomy for primary hyperparathyroidism and subse- 
quently followed up for an average of 6 years, there 
were 73 patients with parathyroid adenoma, 26 with 
hyperplasia and 3 with carcinoma. The adenoma was not 
found at the first operation in only 3 cases; in the other 
70 after removal of the adenoma no further hypercal- 
caemia was observed during the follow-up period. 
Persistent or recurrent hypercalcaemia was a problem 
in 9 out of the 26 patients with primary hyperplasia who 
had inadequate resection at the first operation, and also 
in the 3 patients with carcinoma. 
Experience shows that peroperative biopsy with 
frozen section of all the parathyraids is useful in 
confirming their identity and can be a guide to the type 


of disease present and the appropriate extent of 


resection. 


THE first successful parathyroidectomy was reported 
in 1926 by Mandl of Vienna. His patient was relieved 
of severe metabolic bone disease following removal of 
a large parathyroid adenoma. A decade later, 
clinicians became aware that in some patients with 
primary hyperparathyroidism all four parathyroid 
glands might be enlarged. They introduced the term 
‘diffuse hyperplasia of the parathyroids’ to distinguish 
such patients from those having the much commoner 
parathyroid adenoma (Albright et al., 1934; Cope et 
al., 1958). Whereas excision of the one enlarged gland 
was sufficient to cure patients with a parathyroid 
adenoma, in those with diffuse hyperplasia of the 
parathyroid a subtotal parathyroidectomy was found 
to be necessary (i.e. removal of three or three and a 
half parathyroids). 

13 


Recurrence of hypercaleaemia after removal of a 
parathyroid adenoma has been documented (Fulmer 
et al., 1969), but is believed to be uncommon. How- 
ever, some reports have suggested that following 
limited parathyroid resection as many as 30 per cent 
of patients develop early or late recurrence of hyper- 
calcaemia (Haff and Ballinger, 1971; Paloyan et al., 
1973). To avoid such a high failure rate these authors 
recommend the performance of routine ‘near-total’ 
parathyroidectomy in all patients with primary hyper- 
parathyroidism, that is, removal of three and a half 
glands so as to leave a remnant equivalent in size to 
one half of a normal gland. In support of this policy 
the authors refer to histological studies, using light and 
electron microscopy, of surgically removed para- 
thyroids. These studies revealed the existence of a 
wide spectrum of parathyroid pathology, rather than 
any clear-cut distinction between adenoma on the one 
hand and diffuse hyperplasia on the other. 

By contrast, other workers have reported an 
acceptably low incidence of failure after conservative 
parathyroidectomy for adenoma, together with a 
warning of a high incidence of permanent hypo- 
calcaemia after subtotal parathyroidectomy (Bruining, 
1971). 

The present study was undertaken in order to assess 
the long term results of parathyroidectomy for primary 
hyperparathyroidism in the light of both the patho- 
logical findings at operation and the extent of resection 
performed. The reasons for early and late surgical 
failures are discussed. 


Patients and methods 

One hundred and twenty-two patients were treated 
surgically for primary hyperparathyroidism at 
Hammersmith Hospital in the 20 years bewteen 1955 
and 1974. One surgeon (S. T.) performed most of 





* Departments of Surgery and Pathology, Hammersmith 
Hospital, London. 
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Table 1: PARATHYROID GLAND PATHOLOGY IN 
102 PATIENTS 


First operation at First operation 


No, of Hammersmith performed 

Pathology cases Hospital elsewhere 
Adenoma 73 70 3 
Hyperplasia 26 20 6 
Carcinoma 3 1 2 
Total 102 9] 1} 


the neck explorations. Twenty patients, all of whom 
were normocalcaemic after surgery, were followed up 
for less than 12 months; the remaining 102 patients 
form the basis of this study. 

The initial neck exploration was performed at 
Hammersmith Hospital in 91 patients, and 11 were 
referred with hypercalcaemia after parathyroidectomy 
elsewhere. 

Information from the case records was brought up 
to date where possible by re-examination of all the 
patients able to reattend hospital in 1975 (72 out of 
92 still alive) and by inquiries of the referring 
clinicians. The mean length of follow-up for the 102 
patients was 6 years (range 1-21 years). 


Classification of parathyroid pathology 

One pathologist (E. C. S.) independently reviewed the 
histology of all the available parathyroid tissue 
obtained at operation. The following pathological 
classification of parathyroid glands was used: 

1. Normal glands showed no macroscopic enlarge- 
ment, and had no microscopical abnormality or at 
most only minute foci of hypercellularity. 

2. An adenoma showed macroscopic enlargement 
with histological hypercellularity, the remaining 
glands in the same patient being macroscopically 
and/or microscopically normal. 

3. Hyperplasia is the term applying to more than 
one gland in the same patient which show microscopic 
hypercellularity, nodular or diffuse; hyperplastic 
glands may be either grossly enlarged or normal in 
size (Block et al., 1967; Paloyan et al., 1969; Roth, 
1971). 

4. Carcinoma describes a gland showing extra- 
capsular or intravascular spread of cells indicating 
invasive characteristics. 


Extent of surgery 

The term ‘conservative’ is used to describe an opera- 
tion in which fewer than three parathyroids were 
removed (usually only the adenoma was removed, 
and other glands biopsied), and ‘subtotal’ to describe 
the excision of three and a half parathyroids, leaving 
as a remnant an estimated 30 mg of parathyroid tissue. 


Assessment of results of surgery 

The serum calcium level (normal 2:15-2:65 mmol/l in 
our laboratory) has been used as the sole criterion of 
success or failure in assessing the results of para- 
thyroidectomy at follow-up. Thus, ‘normocalcaemia’ 


implies that a patient maintains a normal serum 
calcium level without the use of oral calcium òr 
vitamin D supplements. ‘Hypocalcaemia’ implies 
permanent hypoparathyroidism, with the need to 
take oral calcium and/or vitamin D in order to bring 
the serum calcium into the normal range. “Hyper- 
calcaemia’ is defined by the criteria of Muller (1975) 
as being ‘persistent’ if occurring within 12 months of 
parathyroidectomy, and as ‘recurrent’ if found after a 
normocalcaemic interval of at least 1 year. 


Results 


Parathyroid gland pathology (Table I) 

Of the 102 patients studied, 76 had a parathyroid 
adenoma, 26 hyperplasia and 3 a carcinoma, Two 
patients with ‘multiple adenoma’ were included in the 
hyperplasia group. 

The distribution of parathyroid gland pathology in 
the 91 patients first operated on at Hammersmith 
Hospital was somewhat different from that in the 11 
patients referred after initial operation elsewhere, The 
late results of surgery in the former group are con- 
sidered first. 


Results of surgery in 91 Hammersmith Hospital patients 
(Table IT) 

Adenoma: A parathyroid adenoma was found in 70 
patients (77 per cent). The presence of one or more 
normal glands was established by biopsy in 41 
patients, and in 29 the normal glands were visualized 
but not biopsied. Surgical excision of the para- 
thyroids was conservative, and only in a few cases were 
one or two normal glands excised with the adenoma. 
No patient had a subtotal parathyroidectomy. 

There has been no instance of persistent or recur- 
rent hypercalcaemia in these 70 patients with a para- 
thyroid adenoma. Three patients treated early in the 
series have hypocalcaemia, and in each one a partial 
thyroidectomy had been performed at the time of 
parathyroidectomy. 

Hyperplasia: Hyperplasia affecting more than one 
parathyroid gland was found in 20 patients (22 per 
cent). In 18 patients all four glands were involved. 

Conservative parathyroidectomy (usually the re- 
moval of two or two and a half glands) was performed 
in 12 patients. At follow-up 10 were normocalcaemic 
and 2 had persistent hypercalcaemia requiring further 
surgery. In one patient, re-exploration revealed two 
additional hyperplastic parathyroids. In the second, 
only one enlarged parathyroid was initially removed, 
a second gland being seen and thought normal; at 
re-exploration the latter gland was found to be 
grossly hyperplastic. This patient also had the 
Zollinger-Ellison syndrome. 

Subtotal parathyroidectomy was performed in 8 
patients. Six remain normocalcaemic, one has 
recurrence of hypercalcaemia and one is hypocal- 
caemic. 

Carcinoma: A carcinoma was found in one patient (1 
per cent) in a gland weighing 7-8 g. Despite excision 
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Table Il: LATE RESULTS OF SURGERY IN 91 HAMMERSMITH PATIENTS 
. Late results 
No. of Persistent Recurrent 
Pathology Extent of surgery patients Normocalcaemia Hypocalcaemia hypercalcaemia hypercalcaemia. 
Adenoma Conservative 70 67 3* 0 0 
Hyperplasia Conservative 12 10 0 2 0 
Subtotal R 6 i 0 i 
Carcinoma Conservative ] I 
Total 91 83 4 3 I 


* AH had simultaneous thyroidectomy. 


Table IH; FINDINGS IN 15 PATIENTS WITH PERSISTENT OR RECURRENT HYPERCALCAEMIA* 


of glands removed Subsequent second 
Patient Reason for failure at first operation hypercalcaemia operation removed at re-exploration . 
D R. Missed adenoma 0) Persistent 3 yr I adenoma, 3-0 x 2-0. 2-0 cm, 4460 mg. 
i normal gland biopsied 
B. E. Missed adenoma I normal Persistent 8 yr I adenoma, 4-5 x 3-1 «2-0 cm, 1410 mg. 
2 normal glands biopsied 

W. M. Missed adenoma 3 normal Persistent 2 mth | adenoma, 47x20 cm, 2100 mg 

M. C. Missed hyperplastic 1 hyperplastic ? 13 yr 1 ‘adenoma’, 2-0 x 1-3 x 0-8em, 1500 mg 
glands 

ILS. Missed hyperplastic 1 hyperplastic Recurrent 5 yr None found at two re-explorations, 
glands remains hypercaleaemic 

M, E. Missed hyperplastic 2 hyperplastic, 2 7 8 yr 2 hyperplastic. glands: 20x 1-5 1-0 
glands others seen but em, 2200 mg; 10x 1-0 « 0-8 cm, 1050 

not biopsied mg 

8.4 Missed hyperplastic 1 hyperplastic, 1 Recurrent 18 nth I hyperplastic gland, 1-7 x 1-7 « 1-1 em, 

glands other seen but not 4350 mg 
biopsied 

T. R. Missed hyperplastic 1 hyperplastic Persistent 5 yr 1 hyperplastic gland, 3-0 2:0 1-0 om 
glands | 

A. L.F Missed hyperplastic 2 hyperplastic Persistent 2 yr 2 hyperplastic glands: 1-5 x 1-0 em; 
glands 0-3 x 0-2 cm, part removal 

G. E. Missed hyperplastic 2 hyperplastic Persistent 3 yr 1 hyperplastic gland, 2-0 x 1-5 x 1-0 cm, 
glands 700 mg 

G. D, Missed hyperplastic 3 hyperplastic Persistent 3 mth i hyperplastic gland, 10x 1-0 1-0 cm 
glands 

AL Lt Possible growth of 34 hyperplastic Recurrent — Not yet re-explored 
remnant 

L. A.t Carcinoma 1 ‘adenoma’ Persistent _ Not re-explored 

L. V. Carcinoma 1 ‘adenoma’ Persistent lyr Recurrent carcinoma 

P.A. Carcinoma 1 ‘adenoma’ Persistent 3 yr 3 normal glands biopsied, recurrent 


No. and pathology 


Interval to 


No., size and weight of glands 


carcinoma 





* Includes 11 patients reported by Clark and Taylor (1972). 
t Initial operation at Hammersmith Hospital. 


of the gland the patient developed persistent hyper- 
calcaemia from functioning metastases and died 
several years later. 


Results of surgery in 11 referred patients 

Three of these 11 patients had persistent hyper- 
calcaemia due to an overlooked parathyroid adenoma. 
Six had parathyroid hyperplasia with residual disease: 
none had had a subtotal parathyroidectomy at the 
initial operation. Two patients with parathyroid 
carcinoma had persistence of hypercalcaemia, and 
later died from spread of their disease. 
Causes of hypercalcaemia occurring after para- 
thyroidectomy 

Fifteen of the 102 patients had persistent or recurrent 
hypercalcaemia at follow-up. Table HI summarizes 


the findings at the first operation, the patient’s sub- 
sequent clinical course and details of the parathyroid 
glands found at re-exploration. 

Five reasons are suggested to account for these 15 
failures: 
i. The adenoma was not found: Persistent hyper- 
calcaemia in 3 patients was due to an adenoma being 
missed at the first operation. Normal parathyroids had 
been removed without benefit in 2 of these patients. 
At re-exploration a large cervical adenoma (1410- 
4460 mg) was found in each patient; hypercalcaemia 
was relieved following removal of the adenoma. 
2. Hyperplasia was diagnosed as adenoma: A supposed 
‘adenoma’ was excised initially from 4 patients without 
the normal parathyroids being identified. Had biopsy 
of the other glands been performed it is likely that 
hyperplasia would have been diagnosed and subtotal 
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parathyroidectomy performed. In these patients re- 
exploration revealed grossly enlarged parathyroids 
with frank hyperplasia on microscopy. 

3. Hyperplasia was diagnosed but inadequately excised: 
Hyperplasia was correctly diagnosed in 4 patients who 
did not, however, undergo subtotal parathyroid- 
ectomy. Hypercalcaemia persisted until subtotal 
excision of the parathyroids was completed. 

4. Hypertrophy or further hyperplasia of the remnant: 
This is a possible cause of true late recurrence of 
hypercalcaemia seen in one patient in whom subtotal 
parathyroidectomy was performed. She remained 
normocalcaemic for 18 months before hypercalcaemia 
recurred. 

5. Carcinoma present: Parathyroid carcinoma, a well- 
recognized cause of intractable hypercalcaemia, was 
present in 3 patients. Further attempts to control the 
disease by surgery and cytotoxic chemotherapy were 
unsuccessful in each patient, who died between 2 and 
7 years after their first presentation. 


Discussion 

Our follow-up results show that, if the patient with 
parathyroid carcinoma is excluded, 87 out of 90 
patients (97 per cent) initially operated on for primary 
hyperparathyroidism at Hammersmith Hospital 
obtained lasting relief from hypercalcaemia. The 
extent of parathyroidectomy was determined by the 
gross appearances of the glands at operation, supple- 
mented in most cases by biopsy and frozen section of 
normal glands. Similar good results after pre- 
dominantly conservative parathyroidectomy have 
been reported by others (Block et al., 1974; Myers, 
1974), although after a shorter average follow-up. 
These results are at variance with the suggestion that 
conservative parathyroidectomy is likely to be 
followed by further hypercalcaemia in 15-30 per cent 
of patients (Paloyan et al., 1969, 1973). 


Hypocalcaemia 

Permanent hypocalcaemia after subtotal parathyroid- 
ectomy may occur in 3-37 per cent of cases (Bruining, 
1971; Palovan et al., 1973), and in the present series 
was seen in one of the 8 patients who had had this 
operation. Hypocalcaemia is especially liable to occur 
if thyroidectomy is performed synchronously with 
parathyroidectomy (Goldman et al., 1971), as in 3 of 
our patients. Inadvertent injury, devascularization or 
even removal of the normal parathyroids probably 
accounts for this complication. The removal of 
normal parathyroids is to be avoided, for it both fails 
to relieve the hypercalcaemia (Goldman et al., 1971) 
and predisposes to permanent hypocalcaemia should 
re-exploration later become necessary (Mallette et al., 
1974). 


Persistent hypercalcaemia 

Hypercalcaemia after parathyroidectomy is usually 
noted in the postoperative period or within. the first 
year (Paloyan et al., 1969, 1973; Haff and Ballinger, 


1971), and represents persistent rather than recurrent 
disease. Our experience suggests that such failurés 
arise when parathyroid hyperplasia is not diagnosed 
or is inadequately resected, or when an adenoma is not 
found. Less commonly, persistent hypercalcaemia 
may be due to parathyroid carcinoma. 

Primary hyperplasia of the parathyroids should be 
strongly suspected in patients with familial hyper- 
parathyroidism (Cutler et al., 1964) and in those 
from families with multiple endocrine adenomatosis 
(Ballard et al., 1964; Block et al., 1967; Marsden and 
Day, 1973; Boey et al., 1975). However, hyperplasia is 
not limited to these two groups of patients (Ballard et 
al., 1964: Black and Utley, 1968). In our patients 
primary hyperplasia was present in 22 per cent, an 
incidence similar to the 24-25 per cent reported by 
Romanus et al. (1973) and Block et al. (1974), but 
significantly lower than the 49-59 per cent reported 
by Paloyan et al. (1973) and Esselstyn et al. (1974). 


Recurrent hypercalcaemia 

True recurrence of hypercalcaemia after parathyroid- 
ectomy, with new disease in glands originally found 
normal on biopsy, is rare and its estimated incidence 
is | per cent (Fulmer et al., 1969; Muller, 1975). In the 
70 patients with adenoma in the present series there 
has been no instance of recurrent hypercalcaemia. 
The single patient with recurrent disease had under- 
gone subtotal parathyroidectomy for parathyroid 
hyperplasia; her recurrence may be due to further 
growth of the half-gland remnant. 


Value of peroperative biopsy 

In order to identify patients with primary hyperplasia 
of the parathyroids we now perform biopsy and 
frozen section of all glands before deciding which 
glands should be excised. In this way the identity of all 
the parathyroid tissue can be verified. Visual identi- 
fication alone is occasionally unreliable, as thyroid 
nodules, lymph nodes and even fat are sometimes 
mistaken for parathyroids. Careful biopsy of less than 
30 per cent of each gland, without injury to the 
nutrient vessels, is safe; Esselstyn et al. (1974) found 
no permanent hypocalcaemia in 100 parathyroid- 
ectomies in which four-gland biopsy was done. 

Some authors fear that frozen section reports are 
misleading. In 59 per cent of the glands removed at 
routine subtotal parathyroidectomy there is ultra- 
structural evidence of focal hyperplasia, which may 
be missed if only part of the glands is examined by 
light microscopy (Haff and Ballinger, 1971; Paloyan 
et al., 1973). What significance should be attached to 
such findings is as yet uncertain. Block et al. (1974), 
reviewing 31 patients having excision of a para- 
thyroid adenoma and biopsy of normal glands, found 
4 patients in whom ultrastructural studies revealed 
tiny foci of hyperplasia in the ‘normal’ glands but 
who remained normocalcaemic at follow-up. Similarly, 
Roth (1971) could not correlate fine ultrastructural 
abnormalities in the parathyroids with the presence 


of clinical disease. Until further study clarifies the 
situation we are reluctant to ascribe significant para- 
thyroid overactivity to normal-sized glands in which 
only subtle, minor, histological changes can be 
demonstrated. 


Present surgical policy 
The total mass of overactive parathyroid tissue 
appears to be crucial in determining clinical hyper- 
parathyroidism (Paloyan et al., 1973; Myers, 1974), 
and there is a close correlation between gland weights 
and the serum calcium and parathormone levels 
(Mallette et al., 1974). In all but one of our patients 
who were successfully re-explored there was gross 
enlargement of one or more parathyroids (weights of 
700-4460 mg) with florid microscopical hyperplasia. 
In conclusion, we believe that good results can be 
achieved by an essentially conservative policy of 
parathyroidectomy, reserving subtotal resection for 
patients in whom parathyroid hyperplasia is demon- 
strated by multiple gland enlargement and/or biopsy 
evidence of hyperplasia. The majority of patients, 
who have an adenoma, do not require subtotal 
resection; its indiscriminate use carries unnecessary 
risks of producing permanent hypocalcaemia in some 
patients. The evaluation of surgical results demands 
long and careful follow-up. 
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Resection of an unusually large goitre 


ADRIE E. MANOPPO* 


SUMMARY 

This paper reports the resection of a benign non-toxic 
goitre measuring 75 x 60x 45 cm in a patient aged 48 
who was unable to walk or sit because of the size of the 


goitre, The tumour proved to arise from the right half of 


the thyroid. A right-sided hemistrumectomy was 
performed under local anaesthesia with the patient 
prone. A temporary tracheostomy was established. The 
postoperative course was uneventful apart from slight 
necrosis of the wound edge. The patient was dis- 
charged in good health on the twentieth postoperative 
day. 


Case report 

On 13 January 1974 a man aged 48 was admitted to the Bethesda 
Hospital, Tomohon, with a 20-year history of a slowly growing 
swelling in the cervical region. For the past 4 years he had been 
unable to sit or stand, only the prone position being possible 
(Fig. 1). His voice was unchanged, his appetite was good and 
there was no dysphagia. There were no other complaints and 
the patient bore his fate with resignation. His new minister 
finally persuaded him to seek medical advice. The former one 
had advised him to pray for a cure. 

General examination revealed a man in good condition. 
There were no abnormalities apart from the enormous tumour 
of the cervical region, and specifically there were no symptoms 
of hyperthyroidism or metastatic growth. 

The tumour measured 75x 6045cem. Varicosities were 
distinctly visible, and the skin at the base of the tumour showed 
hyperpigmentation. The tumour surface was regular and there 
was no tenderness. Auscuitation revealed no abnormal 
murmurs. The haemoglobin concentration was 11-5 g/di and 
the ESR was 20 mm in 60 min. An ECG was normal. Interpre- 
tation of X-rays of the chest and cervical region was impeded 
by the enormous size of the tumour, but a lateral X-ray seemed 
to show a normal trachea. A diagnosis of a very large non- 
toxic goitre was made. 

A strumectomy was proposed, but for this operation some 
special problems had to be solved. Strumectomy is usually 
performed with the patient supine. Initially, an attempt was 
made to suspend the tumour by means of a rope-and-pulley 
device in order to relieve the pressure on the trachea and chest. 
However, it was found impossible to ensure sufficient fixation. 
Fixation by perforation of the goitre was not done because the 
risk of haemorrhage and severance of the fragile goitre was 
considered too great. A decision was made to operate on the 
prone patient, with the goitre resting on a separate support in 
front of the operating table. 

The next problem was that of anaesthesia. Application of a 
mask was difficult because the chin was involved in the tumour 
extension, and this prevented adequate sealing of the mouth 
and nose. Moreover, the tumour size precluded adequate 
lifting of the mandible, and undisturbed breathing through a 
mask could therefore not be ensured. Insufflation anaesthesia 
was not attempted because the enormous tumour impeded 
introduction of a laryngoscope. In view of these facts a decision 
was made in favour of regional anaesthesia by blocking the left 
and right cervical plexus. After injection of 20 ml of a 2 per cent 


procaine solution into each plexus, the entire tumour was 
rendered insensible within 15 minutes. 

Some 6000 mi of blood were kept in readiness for the opera- 
tion, and an intravenous drip was established in the extremities. 

An incision was made from a point 5 cm below the left ear 
to a point 15 cm below the mandible, and continued as far as 
halfway along the right sternocleidomastoid muscle. After 
incision of the skin, subcutis and platysma various large veins 
were ligated and severed. The skin and subcutis were mobilized 
as far as the mandible and the sternocleidomastoid muscle on 
either side. The short muscles of the neck were transversely 
severed on the cranial side. The dissection was started on the 
right side. 

Ligation of various large veins was followed by identification 
of the superior thyroid artery and vein, whereupon these 
vessels were ligated and divided. There proved to be no fixation 
of the tumour to the trachea. After identification of the recurrent 
nerve, the inferior thyroid artery was ligated and divided. The 
trachea and recurrent nerve then served to guide further 
dissection of the tumour. The short muscles of the neck were 
severed again at the sternum, together with the skin and sub- 
cutis after ligation and division of various veins up to 2 cm in 
diameter. The tumour proved not to have infiltrated the trachea, 
which could therefore be mobilized without difficulty (in con- 
trast to the rest of the dissection, which was difficult and 
accompanied by copious bleeding). 

The tumour was found to arise from the right half of the 
thyroid. During traction on the trachea, acute inspiratory 
stridor developed, apparently due to tracheomalacia. The 
isthmus of the thyroid was therefore quickly severed, and the 
specimen was removed (Fig. 2).} The patient was then quickly 
placed in a supine position for tracheostomy. After careful 
haemostasis the wound was closed in three layers, leaving two 
drains in situ. 

During the operation, which took about 5 hours, the patient's 
general condition remained good; no hypotension developed, 
the pulse varied from 80 to 120/min and the blood loss 
amounted to about 5000 ml. Microscopically, the specimen was 
identified as a macro- and microfollicular colloid goitre with 
extensive fibrous tissue. 

The postoperative course was uneventful. Oral feeding was 
started on the first postoperative day, the tracheostomy was 
closed on the fourth day and the stitches were removed on the 
ninth postoperative day. Slight necrosis of the wound edge 
developed. When discharged 20 days after operation the patient 
was in good health and able to walk (Fig. 3). 
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Fig. 1. The patient before operation with a large non-toxic goitre measuring 75 x 60 x 45 cm. 





Fig. 3. The patient 3 weeks after operation. 
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Pulsion intubation for palliation of carcinoma 


of the oesophagus 


M. M.: HEGARTY, I. B. ANGORN, J. V. BRYER: B. J. HENDERSON, 


B. T. LE ROUX AND A. LOGAN'S 


SUMMARY 

One hundred and eighty-one patients with carcinoma of 
the upper thoracic oesophagus were intubated per- 
orally using a Procter—Livingstone tube. The mortality 
was 16:6 per cent but, in the patients who survived, the 
palliation achieved, as judged by improved swallowing, 
was considered satisfactory. Factors influencing the 
success of intubation are also considered. 


THE incidence of carcinoma of the oesophagus in the 
Transkei district of South Africa is among the highest 
in the World (Rose, 1973). In recent years it has 
become apparent that this disease is being encountered 
with increasing frequency in the Negroes of Natal and 
Zululand. Because of the numbers involved (currently 
500 patients per annum), a unit dealing solely with 
carcinoma of the oesophagus was started in Durban 





a b 


Fig. 1. Procter—Livingstone tube of 15 cm showing the 
expanded proximal end and the flanges both proximally 
and distally. a, Anteroposterior view; b, lateral view. 


in September 1974, staffed by both general and 
thoracic surgeons. 

Intubation of the oesophagus as a palliation for 
carcinoma has been practised for many years with 
different degrees of enthusiasm, varying from using it 
in nearly all cases (Coetzee, 1966) to considering 
intubation as a final desperate measure (Celestin, 
1959). 

Intubation may be either pulsion (Souttar, 1924) or 
traction, as popularized by Mousseau et al. (1956) and 
Celestin (1959). The latter procedure gives satisfactory 
results in malignant lesions of the upper thoracic 
oesophagus but has the disadvantage of requiring 
laparotomy and gastrotomy and prolonged hospitali- 
zation (Angorn et al., 1976). These disadvantages are 
not a feature of peroral insertion of oesophageal tubes. 

We report our experience of oesophageal intubation 
for palliation of carcinoma of the upper thoracic 
oesophagus during the 15-month period from the 
inception of the unit. The tube used was the Procter— 
Livingstone tube which is inserted perorally by a 
pulsion technique. 


Management protocol 

All patients with squamous carcinoma of the cervical 
oesophagus were referred for radiotherapy. Lesions 
of the lower oesophagus, that is from the tracheal 
birfurcation to the cardio-oesophageal junction, were 
considered for resection using the technique of 
Logan (1963). Patients with lesions of the upper 
thoracic oesophagus less than 5 cm in length and who 
were able to swallow solids or semisolids were 
referred for radiotherapy in an attempt to cure the 
disease (Pearson, 1969). Intubation was reserved for 
patients with long lesions of the upper thoracic 
oesophagus and for those whose poor physical 
condition precluded any other therapy. Patients with 
complete dysphagia were also intubated, which was 
followed by radiotherapy if the patient was considered 
‘curable’. Intubation was also used in patients with 
either frank tracheo- or broncho-oesophageal fistula 
or in those who at bronchoscopy had evidence of 
tumour spread to the bronchial tree. 


Materials and methods 
The tube used is the Procter—Livingstone tube (Latex 
Products, PO Box 5626, Johannesburg 2000) as 
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Fig. 2. Anteroposterior barium swallow films of a patient (a) before and (b) after intubation. 
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Fig. 3. Lateral barium swallow films of a patient (a) before and (b) after intubation. 
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Table I: AGE AND SEX 


M. M. Hegarty et al. 





Age: 21-30 Male: 5 Female: 1 
31-40 21 7 
41-30 44 7 
51-60 39 9 
61-76 21 & 
71-80 13 4 
80- 2 0 

Total 145 36 

Table Hi: UNSATISFACTORY RESULTS 

Failed intubation 4 

Unsatisfactory intubation 21 

Tube migrated proximally 13 

Tube migrated distally 2 

Tube used too short to traverse stricture 4 

Tube not tolerated by patient 2 E 
Total 25 


described by Procter (1968) (Fig. 1). It is an armoured 
soft latex rubber tube with an internal diameter of 
12 mm and an outer diameter of 18 mm. The proximal 
end is expanded to an external diameter of 3 x 2:5 cm 
to enable it to sit snugly above the tumour and to 
prevent food passing between the tube and the 
oesophageal wall. To prevent pressure necrosis and to 
make insertion easier, both ends have two flanges. 
There are three lengths available, 10, 15, and 19 cm, 
but because of the lengths of the tumours in our series 
we found little place for the 10-cm tube. 

The patient is given a light general anaesthetic and 
bronchoscopy is first performed. A large Negus 
oesophagoscope is passed as far as the stricture, which, 
after biopsy, is dilated to 38 French gauge using graded 
dilators. A 20 French gauge bougie is passed and the 
oesophagoscope removed, leaving the bougie in situ. 
A well-lubricated Procter—-Livingstone tube is passed 
over the bougie and inserted through the stricture 
using the oesophagoscope as a ‘pusher’ until the 
expanded proximal end of the tube rests snugly on the 
upper shoulder of the tumour. The bougie and then the 
oesophagoscope are removed, having verified that the 
tube is in its correct position. Postoperative barium 
swallow studies further confirm the position and 
patency of the tube (Figs. 2, 3). 

Several points of management can be made: 

1. All the patients admitted to the unit have antero- 
posterior and lateral X-rays of the chest following a 
barium swallow (6 ft film). This gives the level of the 
tumour and particularly the length of the stricture. It 
is important when passing bougies that these should 
only be allowed slightly beyond the distal end of the 
stricture, for otherwise they might cause a rupture of 
the distal oesophagus or even the stomach, which is 
likely to have fatal consequences. 

2. We do not believe that forceful dilatation of a 
malignant stricture is the cause of much mortality. 
In fact, intubation by tamponading the fistula is the 
chosen method of palliation of tracheo- or broncho- 
oesophageal fistula. However, should the oesophagus 
rupture distal to the stricture then fatal mediastinitis 


ensues, because the tamponading effect is no longer 
present and significant leakage occurs. 

3. When no lumen can be visualized in the oeso- 
phagus, the oesophagoscope and the bougie should be 
directed towards the normal position of the cardio- 
oesophageal junction. This usually enables the bougie 
to pass with the minimum of difficulty. 

4. All cases have the diagnosis confirmed by biopsy 
and histology, but where there is little doubt as to the 
nature of the pathology we proceed to intubation at 
the initial oesophagoscopy. 


Results 


Sex 

A total of 181 patients had palliative intubation of the 
oesophagus. One hundred and forty-five of these were 
male and 36 were female, giving a male to female ratio 
of 4: 1. This is different to the sex ratio found in the 
general population of the Transkei, where there are 2 
males to every female (Burrell et al., 1967). 


Age 

The mean age for all patients was 53-9 years (males 
54-1; females 53-2), ranging from 29 to 80 years (males 
29-80, females 30-75). It can be seen that carcinoma 
of the oesophagus amongst Africans in this region is 
a disease of middle age, but young people are not 
exempt (Table Í). 


Mortality 

There were 30 deaths in the series (22 males and 8 
females). Any patient who died in hospital following 
intubation was considered to be a death due to 
intubation, whether the exact cause of his death could 
be related to the procedure or not. 


Unsatisfactory results (Table ID) 
In addition to the 181 patients who were intubated 
there were 4 other patients in whom intubation was 
not possible because their stricture could not be 
adequately dilated. In one case dilatation was 
unsuccessful on two occasions. 

Of the 181 patients who were intubated, there were 
21 in whom intubation was not immediately successful. 
In 13 cases the tube migrated proximally, but in each 
case at repeat operation the tube was reinserted, one 
patient having the procedure repeated on two further 
occasions, and all were eventually discharged from 
hospital. In 2 patients the tube slipped beyond the 
tumour. In one case the tube was pulled back and the 
patient was discharged swallowing satisfactorily. The 
other patient, who had diabetes mellitus and pul- 
monary tuberculosis, was not submitted to reintuba- 
tion and died in hospital. In 4 cases where a 10-cm 
tube was used, it did not completely traverse the 
stricture. These were changed to a 15-cm tube, with 3 
survivors and one death. Two patients could not 
tolerate their tube because of pressure on the respira- 
tory tree. Both cases had high lesions. The tubes were 
removed and both patients died subsequently. 


Factors which might influence the success of intubation 
Sevtral factors which we considered might have 
adversely affected the results of intubation were 
examined. The results were analysed using the 7? test 
and the probabilities are quoted where significant 
(P< 0-05). 


Nutrition 

Our patients with carcinoma of the oesophagus present 
late with severe dysphagia. They have gross wasting 
and often have fluid and electrolyte imbalance. Based 
on clinical examination, serum electrolytes and 
serum proteins, the patients were separated into those 
with a poor or moderate condition. The number of 
patients in each category and the mortality are shown 
in Table Ul. Poor nutritional status contributes 
significantly to the mortality (P< 0-01). 


Completeness of hold-up 

Completeness of hold-up can be assessed by the 
patient’s ability to swallow liquids, semisolids and 
solids. Additional information can be gained from 
anteroposterior and lateral X-rays following a barium 
swallow. The patient's ability to swallow can be 
judged by the time he takes to drink 200 ml of water, 
which is a helpful clinical guide. These three para- 
meters were grouped together and each patient was 
described as having ‘complete’, ‘severe’ or ‘moderate’ 
hold-up. The figures are shown in Table IV together 
with the percentage mortality. The severity of the hold- 
up does not contribute significantly to the mortality of 
intubation. 


Length of stricture 

Table V gives the length of stricture measured from 
the barium swallow films. Strictures more than 8 cm 
in length are associated with a significantly higher 
mortality than those 8 cm or less (P < 0-05). 


Bronchial involvement 

Table VI shows the mortality among the patients with 
bronchial involvement, either with a frank fistula 
between the oesophagus and the bronchial tree or 
with bronchoscopic and histological evidence of 
involvement of the bronchial tree. There were 20 
deaths in the 69 patients with bronchial involvement 
(29 per cent). This is three times greater than the 
mortality in those without bronchial involvement (10 
out of 112, 89 per cent). This is highly significant 
(P<0-01). 


Axis disturbance 

Axis disturbance as assessed by angulation, axis 
deviation and proximal dilatation and tortuosity has 
been used by Akiyama et al. (1972) to assess the spread 
of tumour through the wall of the oesophagus. We 
have used these three factors to assess the disturbance 
of axis and to classify patients, according to whether 
this was ‘severe’ (62 patients), ‘moderate’ (91 patients) 
or ‘slight’ (28 patients). Table VH shows the number 
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Table H: NUTRITIONAL STATUS RELATED TO 
MORTALITY 
Nutritional No. of No. of 
status cases ee deaths uy 
Moderate 103 56-91 11 10°68 
Poor 78 43-09 19 24:36 
Total 181 30 16-6 
Difference in mortality between the groups is significant 
(P<0-01). 
Table IV: DEGREE OF HOLD-UP RELATED TO 
MORTALITY 
Degree of No. of No. of 
hold-up cases pA deaths pA 
Complete 27 14-92 7 25-93 
Severe 59 32-60 11 18-64 
Moderate 95 32-49 12 12-63 
Total 18] 30 16-6 





Differences in mortality between the groups are not 
significant. 


Table V: LENGTH OF STRICTURE RELATED TO 
MORTALITY | 





Length No. of No. of 

(em) cases vs deaths N s 

4 4 2721 2 50-0 
§ 22 12-15 I 4-55 
6 45 24:86 5 11-11 
7 36 19-89 4 11-11 
8 40 22-10 6 15-00 
9 13 718 5 38-46 
10 1? 9-39 6 34-29 

10+ 4 2-21 1 25-0 

Total 181 30) 16-6 





Difference in mortality between patients with strictures of 
more than 8 cm and those of 8 cm or less is significant 
(P< 0-05), 


Table VI: BRONCHIAL INVOLVEMENT RELATED TO 
MORTALITY 


. No. of No. of 
Bronchial involvement cases deaths A 
Frank fistula 49 14 28-6 
Bronchoscopic evidence 20 Go 30-0 
Total 69 20 29-0 


Difference in mortality between patients with bronchial 
involvement and those without involvement is significant 
(P<0-01). 


Table VIl: AXIS DISTURBANCE RELATED TO 
MORTALITY 


Axis No, of No. of 
disturbance cases es deaths ve 
Severe 31 162 8 24:0 
Moderate 92 50-8 14 18-0 
Slight 58 33-0 9 151 

Total 181 30 16-6 


Difference in mortality between patients with severe and 
slight axis disturbance is significant (P< 0-05). 
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Table VHI: HISTOLOGICAL DIFFERENTIATION 
RELATED TO MORTALITY 


M. M. Hegarty et al. 


No. of No. of 
Differentiation Cases yA deaths yA 
Poor 50 27°62 9 18-00 
Moderate 9] 50-28 18 19-78 
Well 40 22-10 3 7-50 
Total 181 30 16-66 


Difference in mortality between the groups is not significant. 


of deaths in each group. Severe axis disturbance is 
associated with a significantly increased mortality 
(P< 0-05). 


Histological differentiation of the tumour 

Table VII shows the distribution of histological 
differentiation together with the deaths in each group. 
There are no Statistically significant differences. 


Discussion 

The 5-year survival in carcinoma of the oesophagus 
treated by all modalities is less than 1 per cent (Lowe, 
1972). At | year the survival is less than 20 per cent 
and is the same no matter what treatment is used 
originally. Because of these gloomy figures the aim of 
treatment should be palliation, with cure as an added 
bonus. 

Palliative procedures do not prolong life and should 
therefore aim at improving the quality of life, in 
particular to improve swallowing and to prevent the 
distressing respiratory problems due to fistula or 
spill-over. 

Surgery, either excisional or bypass, appears 
attractive, but all too often requires long periods of 
hospitalization and has an associated high mortality 
and morbidity (Gordon, 1963). In addition, it is often 
of dubious therapeutic value. Radiation is often slow 
to improve the dysphagia (Watson, 1963). Gastro- 
stomy as definitive therapy is mentioned only to be 
condemned, at it does not restore swallowing or 
prevent spill-over. 

Intubation of the oesophagus for palliation has 
been practised for many years based on the pulsion 
method of Souttar (1924) or the traction method 
popularized by Mousseau et al. (1956) and Celestin 
(1959). Most recent series (Procter, 1968; Das and 
John, 1973; Sanfelippo and Bernatz, 1973; Holden 
et al., 1973) have relied on the pull-through methods, 
though several authors (Zimmerman and King, 1969: 
Ammann and Collis, 1971; Palmer, 1973) have 
reported their results with pulsion techniques. 

Our previous experience with intubation using the 
Celestin tube gave acceptable results in lesions of the 
upper thoracic oesophagus (Angorn et al., 1976), but 


laparotomy and gastrotomy increases the number of 


complications and prolongs the hospital stay. Peroral 
intubation is a quick and simple alternative with few 
complications, enabling the patient to be discharged 
from hospital within 3-4 days of the procedure. 


Ten per cent of the patients admitted to the unit 
died without any procedure being performed, a 
reflection of the advanced nature of the disease and 
poor condition of the patients. Taking this into 
consideration, our mortality of 16-6 per cent is highly 
acceptable and compares well with those of other 
series (Zimmerman and King, 1969; Das and John, 
1973). Girardet et al. (1974) in their review of intuba- 
tion in carcinoma of the oesophagus had an overall 
mortality of 13-9 per cent, and found that the mortality 
for traction techniques was between two and six times 
as great as that for pulsion techniques. 

In the present series failure to intubate was rare 
(2:2 per cent), and in patients where intubation was 
not technically successful on the first occasion, 
reintubation usually produced a satisfactory result. 
The factors that mitigate against successful intubation 
are as one would expect, and are a reflection of the 
advanced nature of the disease. However, we do not 
believe that one should refuse a patient the chance of 
palliation because of the advanced nature of his 
disease. We have been pleasantly surprised to see 
several patients who have survived for over 12 months 
from the time of intubation. We certainly do not 
share the pessimistic view of intubation expressed by 
Procter (1968) and Pringle and Winsey (1973). 


Conclusions 

Malignant stricture of the upper thoracic oesophagus 
can be successfully palliated by intubation using a 
pulsion technique. The low mortality, morbidity and 
short duration of hospitalization make it acceptable 
and probably preferable to traction techniques. 
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The mechanisms of traumatic rupture 


of the thoracic aorta 
SIMON SEVITT* 


SUMMARY 

This paper reviews evidence and ideas on closed acci- 
dental rupture of the aorta, and refers to an analysis 
of 37 subjects in whom traumatic aortic ruptures were 
found at necropsy. The mechanisms of rupture of the 


ascending aorta and the proximal and distal parts of 


the descending aorta are discussed. 
Aortic rupture is one of the major causes of rapid 


death after traffic accidents, especially in occupants of 


motor vehicles. However, about 20 per cent of subjects 
survive for hours, days or longer after the accident, 
allowing time for surgical repair in some cases. 

TRAUMATIC ruptures occur mainly in the ascending 


aorta or in the proximal descending part or more 
distally in the thoracic aorta (Figs. 1-4). Part of or the 


wl 


25 


Fig. 1. Sites of aortic rupture found in 37 road accident 
victims (Sevitt, 1977). 


whole of the aortic circumference may be torn. Only 
occasionally is the arch involved and exceptionally the 
root of one of its great vessels. A few traumatic 
ruptures of the abdominal aorta were included in the 
reports by Strassman (1947) and Parmiey et al. (1958), 
but they are not considered here. 

Aortic ruptures have sites of predilection and 
explanations must take these into account. The 
vulnerability of special sites does not favour direct 
trauma to the aorta as a mechanism. Moreover, the 
deep location of the proximal descending aorta would 
seem to protect it from rupture by anterior blows on 
the thorax. Furthermore, chest trauma is absent in 
some cases. Anatomical fixed points are relevant. 
Most ruptures affect the proximal descending aorta 
distal to the opening of the left subclavian artery, the 
isthmus. This is often referred to as the classic site, and 
ruptures were found here in 25 of the 37 cases in the 
present series (Fig, 1). These tears are in the vicinity of 
the ligamentum arteriosum (Botallo’s ligament) which 
fixes part of the aorta to the left pulmonary artery. The 
area of attachment may act like a hinge on which the 
aortic arch may move and hence it is subject to special 
strains. Ruptures also affect the ascending aorta, and 
tears were found here in 7 of the 37 cases (Fig. 1). 
Most are located just above the semilunar valves, that 
is distal to the ring-like attachment of the aorta to the 
heart. 

Differences in mobility between the arch and the 
descending aorta have been postulated to explain the 
classic site. Some have said that the arch is fixed 
relative to a more mobile descending aorta and others 
quite the opposite. However, the heart, the arch and 
the descending aorta of pigs moved longitudinally to 
and fro when the animals were subjected to rapid 
oscillatory movements in the long axis (Aldman, 1962). 
There is some evidence that the aortic isthmus is 
inherently weaker than other parts of the thoracic 
aorta. Lundevall (1964), who measured the breaking _ 
strengths of rapidly stretched strips of aorta free of 
adventitia, found that the isthmus was about two- 
thirds as strong as the ascending aorta, with the 
descending aorta having an intermediate strength. 

Ruptures primarily affect the intima and media 
(Figs. 2~4), and less commonly or secondarily is the 
adventitia torn though it is usually haemorrhagic. 
This means internal tearing. The ruptures are nearly all 
transverse, which points to longitudinal tension on 
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Fig. 2. Traumatic rupture of the ascending aorta. Note its 
supravalvular and posterior location. Aorta opened from in 
front. 


the aortic tube, or possibly to a shearing effect. The 
aorta is a distensible, stretchable but relatively non- 
elastic* tube. Like a rubber tube when overstretched, 
it has the potential of transverse tearing when sufficient 
longitudinal tension is applied. This is likely to be one 
of the final modes of rupture, possibly the common 
final pathway to tearing, whatever the precipitating 
means. This is also how many ruptures of other arteries, 
those referred to as ‘traction’ injuries, occur. Well- 
known examples are ruptures of the popliteal and 
brachial arteries associated with fractures of the lower 
third of the femur and upper humerus respectively. 
These are also transverse and internal, affecting the 
intima and media. The tunica adventitia often remains 
intact as in most aortic tears, because the main strength 
of arteries resides in its strong collagenous nature. 
Explanations of rupture must also take into account 
associated injuries to the victim or their absence, and 
the kinds of accidents with which they are associated. 
The accidents which cause most aortic ruptures fall into 





* The use of the term ‘elastic’ as synonymous with stretchable 
is technically incorrect. Elasticity is the property of a substance 
which enables it to resist a deforming load by the development 
of a force known as ‘tension’. Thus, cast iron is highly elastic 
whereas rubber is not. The elastic properties of the aorta 
reside in the fenestrated fibres of the elastic laminae the gaps 
along which close when the vessel is distended (Cook et al., 


1975). The elastic modulus (Young’s modulus) is the ratio of 


the stretching force (stress) to the amount of stretch (strain) 
per unit cross-section area, and for the aorta it is about 3—5 > 
10° dyn/cm’. 
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Fig. 3. Rupture of the proximal part of the descending aorta 
2 cm distal to the opening of the left subclavian artery. Note 
its anterior location. Aorta opened from behind. 





Fig. 4. Rupture of the lower end of the thoracic aorta 
associated with a local hyperextension dislocation of the 
spine. The latter is hidden by the aorta. Note the posterior 
location of the tear. Aorta opened from in front. 
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Table E: INJURIES TO THE CHEST AND/OR 
ABDOMEN IN 32 SUBJECTS WITH TRAUMATIC 
RUPTURE OF THE ASCENDING OR PROXIMAL 
DESCENDING PART OF THE AORTA 

Chest and 


Simon Sevitt 


No chest or 


Rupture abdominal Chest Abdominal abdominal 
site injuries injury mjury injury 
Ascending 3 , ee i 
aorta 
Proximal 12 6 2 5 
descending 
aorta 





three main groups: those producing direct impact on 
the stationary chest, those producing rapid decelera- 
tion of the moving body without impact on the chest 
and those in which chest blows and deceleration are 
combined. A rare but interesting cause is blast injury 
such as in the case found by Wilson and Tunbridge 
(1943) after a bomb explosion. The combination of 
blows on the chest and deceleration is the largest 
group and includes most subjects injured in traffic 
accidents. For example, chest injuries were present in 
24 of the 32 traffic victims in the present series with 
rupture of the ascending aorta or the isthmus (Table 
D, and all had been involved in accidents which 
must have produced rapid deceleration of the body 
in motion. In Birmingham most aortic ruptures in 
drivers and passengers of motor vehicles occur in 
collisions at night and are commonly associated with 
the taking of alcohol (Sevitt, 1973), suggesting high 
speed accidents. 

Ruptures following jumping from a height, rapid 
fall of lifts to the ground or air crashes are often 
referred to as ‘deceleration’ injuries. This may be so, 
but many of the victims have thoracic injury indicative 
of impact. On the other hand, ruptures associated 
with impact on the chest while the body is stationary 
would seem to eliminate deceleration as a cause. This 
might not be so if the victim were thrown to the ground 
after the blow. 

More than one mechanism is not unlikely to cause 
similar tears, especially at the classic site, and more 
than one mechanism may be operative in individual 
cases. 


Ruptures of the distal thoracic aorta 

Before discussing the genesis of the other ruptures, 
those more distally in the thoracic aorta merit 
consideration. In the present series they were found in 
several pedestrians and motor cyclists but not in 
vehicle occupants, The tears were transverse, were 
located in the posterior aspect of the aorta and lay 
directly over hyperextension dislocations of the spine 
(Fig. 4). The close anatomical relationship of the two 
lesions suggests that spinal injury was responsible for 
the aortic tears. The aorta would be locally angulated 
forward by the hyperextended dislocating spine and 
thereby locally tensed. The greatest tension would be 
produced posteriorly, accounting for the posterior 
location of rupture. 


Ruptures of the ascending aorta and proximal descending 
aorta : 
The main explanations of rupture put forward are as 
follows: 

1. Displacement of the heart downwards and to the 
left following impact on the sternum (ruptures ascend- 
ing aorta). 

2. Upward displacement of the heart and mediasti- 
num from a cranially directed impact on the lower 
chest (Voigt’s ‘shovelling’ mechanism-—-see below) 
(ruptures proximal descending aorta). 

3. Acute deceleration of the moving body producing 
tension-stress on the wall of the aorta. The deceleration 
can be directed cranially, caudally or horizontally 
(ruptures proximal descending aorta, and possibly 
ascending part). 

4. Acombination of direct trauma to the thorax plus 
effects of deceleration, as in many drivers and front 
seat passengers after frontal collisions of their vehicles 
(either rupture). 

5. An acute rise of intra-aortic pressure following a 
blow on the chest or deceleration (doubtful signifi- 
cance). 


Blows on the sternum and displacement of the heart 
Ruptures have been found in stationary subjects 
struck violently on the chest by a heavy object such as 
a rock or block of wood, as in the case reported by 
Kemp (1923) and some of those detailed by Strassman . 
(1947). Deceleration cannot be invoked, unless the 
victims were thrown violently and received a second 
impact on the ground or elsewhere. 

So far, ruptures of the isthmus have not been 
produced in experimental animals. On the other hand, 
blunt blows on the sternum without deceleration of the 
body can rupture the ascending aorta (Moffat et al., 
1966; Louhimo, 1967). Louhimo dropped heavy 
metal tubes from a height on to the sternum of young 
anaesthetized rabbits lying stil on their , backs. 
Midsternal blows regularly produced transverse 
supravalvular ruptures, and in a few animals also tears 
at the base of the innominate artery. Most involved 
only part of the aortic circumference and often the 
adventitia was not torn. Few of those struck on the 
lower sternum developed aortic lesions, but damage to 
the lungs or heart or both was frequent. Louhimo 
stated that angiographic studies indicated that 
dislocation of the heart caudally and to the left played 
an important part in producing aortic rupture. The 
frequency of rupture was not increased when horizontal 
deceleration of the body and blunt trauma to the 
thorax were combined, as occurs during steering 
wheel impact. 

Working with dogs sitting vertically and struck on 
the mid-sternum by a heavy steel impacter, Moffat et 
al. (1966) also produced transverse supravalvular tears. 


Like those produced by Louhimo and like ruptures in 


man, they were internal and posteriorly located in the 
aortic tube. In some animals the arch or the roots of 
its great vessels were torn, The animals were stationary 
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This pulmonary insufficiency pro- 
gresses despite restoration of hemo- 
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lack of oxygen at the cellular level 
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when struck so body deceleration was absent. Ruptur- 
ing was related to the net energy input of the blow. The 
sternum was displaced inwardly by 12:5 cm and this is 
important, They also concluded that the heart was 
displaced downwards and into the left side of the chest 
by the impact, setting up tensile stresses in the aorta 
near to its origin which led to rupture. 

A similar explanation is offered by Voigt and Wilfert 
(1969) for ruptures of the first part of the aorta in 
drivers following horizontally directed steering wheel 
impact on the chest, and heart and aorta displacement 
were demonstrated angiographically in compression 
tests on cadavers. However, drivers also suffer violent 
deceleration. Nevertheless this lesion was produced in 
a stationary cadaver subjected to a severe blow against 
the chest without deceleration (Coermann et al., 1972). 
The various chest injuries produced in cadavers and in 
many of the rabbits and dogs referred to above were 
not unlike those often associated with accidental 
ruptures of the ascending aorta in man. Thus, chest 
injuries were present in 6 out of 7 subjects (2 drivers 
and 4 pedestrians) of the present series* (Table D (for 
examples, see Cases 1-3, Sevitt, 1977). It is reasonable 
to conclude that many ruptures of the ascending aorta 
associated with severe blows on the chest are produced 
by stretching tension following displacement of the 
heart downward and to the left. Should the aorta 
become transiently fixed by compression between the 
inwardly displacing sternum and the spine, the tension 
produced would be exaggerated. In short, the ascend- 
ing aorta ruptures as the heart is pushed away from its 
aortic attachment. 

Occasionally supravalvular rupture is associated 
with rupture of a semilunar aortic cusp, as in Case 3 of 
this series. The cusps were fused and thickened by 
chronic fibrosis which presumably predisposed to 
their tearing. However, tearing can occur in normal 
valves in association with aortic rupture, as in the case 
reported by Wilson and Tunbridge (1943). 

Mechanisms not involving heart displacement must 
also be possible, such as in Case 4, a pedestrian with 
head and pelvic injuries but without evidence of injury 
to the chest or abdomen. Conversely, it cannot yet be 
concluded that all ascending aortic ruptures in 
patients with chest injury are the result of or are 
entirely due to direct blows on the thorax. 


Shovelling mechanism 

This phenomenon was described by Voigt as causing 
rupture of the proximal descending aorta in certain 
unrestrained front seat occupants of cars involved in 
frontal collisions and struck heavily on the chest 
(Voigt, 1968; Voigt and Wilfert, 1969; Wilfert and 
Voigt, 1971). The conditions are that the impact is 
on the /ower chest and is directed in a cranial as well as 
a posterior direction (Fig. 5). These depend on the 
interior design of the vehicle. They are possible only 
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* See Sevitt (1977) for details of all the cases cited in the 
present article. 
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Fig. 5. Impact on the lower chest of a front seat passenger 
leading to rupture of the proximal descending aorta by the 
shovelling mechanism. The diagram shows the final position 
of the passenger. (From Wilfert and Voigt, 1971.) 


when the instrument panel is placed sufficiently high 
from the floor and there is a deep recess below it to the 
wall separating the passenger compartment from the 
engine (the firewall). With forward movement after 
head-on collisions, the knees of the front seat occupant 
are able to pass below the instrument panel to strike 
the firewall. At the same time the pelvis moves forwards 
and downwards off the seat and the torso rotates 
backwards. The front of the body now faces upwards 
as well as forwards so that the blow against the steering 
wheel hub in the case of the driver, or against the 
instrument panel in the case of the passenger (Fig. 5), 
comes to be directed cranially as well as backwards. 
The lower sternum is usually fractured and the lower 
ribs suffer bilateral anterolateral fractures. The sternal 
fracture buckles outwards as its lower fragment is dis- 
placed upwards and backwards. Cranial direction of 
impact is crucial, because only then can the medi- 
astinum including the heart and the ascending aorta 
be displaced (shovelled) towards the head by the lower 
sternum. This cranial displacement puts a tensile 
stretch on the proximal descending aorta, which then 
ruptures near its fixed point to the ligamentum arterio- 
sum, However, Voigt described the ruptures as distal 
to the ligament, which seems at variance with an 
upward displacement mechanism. 

The shovelling postulate was tested in cadavers by a 
pendulum blow struck in a cranioposterior direction 
against the lower chest wall. This produced ruptures at 
the classic site. Subsequent experiments on cadavers 
simulating drivers struck on the chest showed that the 
ruptures could be prevented (and other injuries 
reduced) by improvements of the design of the steering 
assembly and by lowering the instrument panel 
(Coermann et al., 1972). 

The shovelling mechanism was probably responsible 
for rupture in one front seat passenger in this series 
(Case 6). Forward buckling of the fractured sternum 
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together with bilateral fractures of the front of the 
lower rib cage and injuries to the heart were consistent 
with a cranially directed impact on the lower chest. 
The aorta was torn at the level of the ligamentum 
arteriosum. 

Upward shovelling might also operate in subjects 
struck on the upper abdomen and in whom the bony 
chest cage is not injured. It might have been responsible 
in a van passenger and in a pedestrian (Case 9) with 
ruptures of the isthmus and of the diaphragm. 
Cranially directed blows on the upper abdomen might 
first rupture the diaphragm and then cause a shovelling 
tear of the aorta. 

Before Voigt published his findings it was often said 
that the deeply placed and well-protected aortic 
isthmus could not be ruptured by blows on the front 
of the chest and had to be torn by deceleration effects. 
Certainly the effects of vehicles going too fast and 
Stopping too quickly are likely to operate in many 
vehicle occupants, but now further studies are needed 
on the effects on the aorta of various displacements of 
the thorax by injury. In this connection Voigt also 
found that deformation of the thorax from the left 
in left-oblique frontal collisions may cause or contri- 
bute to ruptures of the isthmus. The anterior chest wall 
is pushed to the right, both first ribs are fractured and 
the aortic arch and superior mediastinum are displaced 
to the right. This puts tension on the aorta at Botallo’s 
ligament, possibly leading to rupture. 


Deceleration effects 

After sudden stopping of the body from rapid motion, 
internal organs and tissues continue moving for a 
fraction of a second and this can produce lesions. For 
example, rapid movements of the brain following 
acceleration or deceleration of the head after impact 
are the major cause of cerebral trauma. Discussing 
aortic injuries after aircraft accidents, Hass (1944) 
defined the potential of deceleration for bodily injury 
as, whenever one part of the body is decelerated at a 
rate different from that of another part of the body, the 
connection between the two parts is placed under stress 
which is proportional to the difference in the rates of 
deceleration. 

It is difficult to explain aortic ruptures in subjects 
with little or no evidence of injury to the chest (or 
abdomen) without involving indirect effects like those 
which can follow deceleration of the moving body. 
There were several such cases in the present series 
(Table I). Those with ruptures in the proximal 
descending aorta were 3 motor cyclists involved in 
collisions (Fig. 3), one pedestrian struck by a car 
(Case 8) and a car passenger in whom evidence of 
chest trauma was limited to a little bruising of the upper 
anterior chest wall. In addition, there were another 
passenger and another pedestrian without chest injury 
but in whom intra-abdominal injury had occurred. 
One subject with rupture of the ascending aorta (Case 
4) also had no evidence of trauma to the chest or 
abdomen. 


Experiments involving acceleration and deceleration 
without any impact have been carried out by Aldman 
(1962). Pigs lying on their backs were subjected to 
rapid oscillatory movement in the long axis of the 
body and the positions of the heart and great vessels 
were visualized angiographically. To and fro changes 
occurred in the relative positions of the heart 
and the aorta, between the aorta and the left sub- 
clavian artery and between the aorta and its inter- 
costal arteries. With 7 cycles of movement per second, 
the heart was displaced by 5 cm, and with cranial dis- 
placement of the heart there was bending of the left 
subclavian artery. In one animal local haemorrhage 
was found at the junction of the aorta with the 
left subclavian artery. Frank ruptures were not 
observed. There is no doubt that the aorta is not as 
fixed as has been thought. It can move longitudinally 
and deformation between the arch and the isthmus can 
occur with acceleration or deceleration in the long 
axis. Further work of this kind is needed and it would 
be of much interest to determine the effects on the heart 
and aorta of a single severe rapid deceleration applied 
horizontally or longitudinally without body impact. 
Aldman’s work does support the idea that rapid 
deceleration of the body moving in a cranial or 
caudal direction may itself cause rupture at the classic 
site. 

A postulated mechanism is illustrated diagram- 
matically in Fig. 6, viewing the aorta from the left 
(Sevitt, 1968). Deceleration in a cranial direction 
invokes sudden stretching tension of the superior 
aorta. Tears by this mechanism are most common just 
proximal to the attachment of the ligamentum 
arteriosum. Ruptures of the ascending aorta are less 
frequent, either because it is more resistant to tension 
than the isthmus (Lundevall, 1964) or more likely 
because simultaneous movement of the heart in a 
cranial direction reduces the stress on the aortic ring. 
Simultaneous chest compression could enhance the 
danger of rupture by preventing heart displacement, 
thereby increasing tension on the superior aorta. 
Drivers and passengers become eligible when, after a 
head-on collision of their vehicle, they are thrown 
violently upwards as well as forwards, their heads 
striking the windscreen or its surround. Evidence of 
this was found in a number of subjects in this series 
(see Table IV, Sevitt, 1977). Pedestrians and motor 
cyclists become eligible when, after impact, they are 
thrown violently in a cranial direction. Body move- 
ment in drivers and passengers is suddenly decelerated 
by the impact on the head or chest or both within the 
vehicle, and in pedestrians and motor-cyclists by 
hitting the ground or other hard object. The arch of 
the aorta tends to displace towards the head, and the 
proximal aorta is placed under tension and may 
rupture (Fig. 6). Ruptures occur proximal to the 
attachment of the ligamentum arteriosum, or less 
likely just distal to the heart. In this series, the domi- 
nance of ruptures proximal to Botallo’s ligament is 
consistent with the concept of cranially directed 


deceleration. This location does not favour horizontal 
deteleration as a mechanism unless it induces a 
flexion deformity of the arch as envisaged by Zehnder 
(1956). Furthermore, most ruptures in the present 
series and in those of others were located on the anterior 
aspect of the proximal descending aorta and on the 
posterior aspect of the ascending aorta. These are 
continuations of the inner curvature of the arch which 
is the shortest curvature, and therefore the most 
vulnerable to cranially directed stretching tension. 
That the greatest strain occurs on the inner curvature, 
the main site of rupture, was also noted by Fidler 
(1949) in his concept of rupture by caudal deceleration. 

Deceleration from motion in a caudal direction 
would explain rupture of the proximal descending 
aorta found in cases of suicide and subjects jumping 
or falling from a height or in some persons thrown 
from a moving vehicle. Such cases were reported by 
Fidler (1949) and the concept would fit other cases, 
such as Case 2 of Bowen and Teare (1962). This 
mechanism is also likely after the sudden fall of lifts to 
the ground and similar accidents. Fidler (1949) 
observed that the ruptures were situated a little distal 
to the aortic attachment of the ligamentum arteriosum. 
He concluded that they were caused by caudal move- 
ment of the abdominal and thoracic viscera after 
impact on the caudal end of the body, the force being 
transmitted to the aorta through arterial attachments. 
By this means the aorta is tensed caudally and is torn 
below Botallo’s ligament and on its inner wall. In 
support of this concept he also demonstrated small 
tears at the origin of one or both renal arteries, 
isolated zones of retroperitoneal haemorrhage in the 
gioeru of the kidneys and in one case a tear in the 
superior mesenteric artery near its origin. 


Combined impact and deceleration 

Rapid deceleration after impact on the chest from 
forw ardmotion of the body has become a popular 
explanation for many ruptures, particularly those at 
the classic site. However, because of the direct trauma 
to the chest, it may be impossible to decide between 
the two possibilities. 

Some authors favour horizontal deceleration and 
others both mechanisms. According to Tannenbaum 
and Ferguson (1948), Keen (1972) and others the 
descending aorta below the ligamentum arteriosum 
tends to displace forwards (sagittally) after sudden 
arrest from forward motion. This puts tension on the 
ligamentum arteriosum and the aorta ruptures at or 
just below the attachment. If this were the explanation, 
tearing of intercostal arteries and intercostal bruising 
would be expected, as Bowen and Teare (1962) 
pointed out, and these are not found at necropsy. 
Zehnder (1956) invoked both chest compression and a 
deceleration thrust to explain forward bending of the 
aortic arch which he regarded as the mechanism of 
rupture after chest impact from speed accidents. 
Cammack et al. (1959) envisaged a combination of 
effects resulting in a torsion force tangential to the 
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Fig. 6. Diagrammatic view of the heart and aorta from the 
left with suggested mechanism of aortic rupture (R, R) from 
rapid deceleration of the body moving in a cranial direction 
(arrow). The superior aorta is tensed cranially (broken lines, 
see text). LA, Ligamentum arteriosum; PA, pulmonary 
artery; PV, pulmonary veins. 


surface and a shearing force operative at the isthmus. 
The former is conceived as a function of deformation 
induced by deceleration, and the latter as due largely 
to a pressure wave from impact. They considered that 
shearing stresses predominate for ruptures in the 
proximal descending aorta. A combination of forces 
acting on fixed points was also envisaged by Murdock 
(1957), including sudden deceleration acting in a 
torsional plane on the aorta culminating in a shearing 
force at the site of rupture. 

Teare (1951) found ruptures of the proximal de- 
scending aorta in 8 out of 28 occupants killed in an 
aircraft crash, and these were associated with rib 
fractures, disruption of intercostal muscles, fractures 
of the spine or lacerations of the anterior part of the 
liver. He implicated acute flexion of the body over the 
safety belt (lap belt) which would occur through 
deceleration when the aircraft struck the ground. He 
went on to suggest that the hazard might be lessened 
if aircraft passengers were sat “backs to the engine’. 

Experimentally, as already noted, ruptures of the 
ascending aorta but not of the proximal descending 
part were produced in stationary animals struck 
heavy blows on the sternum. Anatomical differences 
between animals and man might help account for the 
absence of ruptures in the isthmus, but at present it 
seems that direct blows on the sternum by themselves 
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do not produce ruptures in the proximal descending 
part. This excludes the shovelling mechanism. 


Rise of aortic pressure 

This idea was early in the field and still has its sup- 
porters. Since traumatic ruptures of the ascending 
aorta occur in the same situation as spontaneous 
ruptures with underlying medial degeneration, and as 
- blood pressure is the final mechanism of the latter, it 
can be argued that large post-traumatic rises of pressure 
may be responsible for ruptures following injury. 

The pressure required to rupture the aorta was 
investigated in cadavers by Oppenheim (1918) and 
Klotz and Simpson (1932). Oppenheim produced 
ruptures by injecting water under pressure into the 
aorta after ligating its branches. Most were supra- 
valvular in the ascending aorta but few occurred until 
a pressure of 3000 mm Hg was reached, which is about 
20 times the normal pressure. In one cadaver the 
proximal descending aorta ruptured at 790 mm Hg 
but the wall was heavily calcified here. In another 
cadaver with a healthy aorta two ruptures occurred at 
a pressure of 2070mm Hg, one above the aortic 
valves and the other in the proximal descending part. 
His experiments demonstrated the important contribu- 
tion of anatomy to rupture location, but the pressure 
required for rupture was very high. Klotz and Simpson 
(1932) briefly stated that they examined the aorta of 
individuals between 20 and 40 years old and subjected 
them to a pressure of 1000 mm Hg without producing 
rupture. No further details were given. However, the 
pressures induced in cadavers were not presumably 
sharp rises like those found by Coermann et al. (1972) 
in cadavers struck heavily on the chest in simulated 
steering wheel impacts. Aortic tears produced by this 
means were believed to be the result of displacement of 
the heart (see above) and the pressure peaks were not 
considered decisive. Lundevall (1964) regarded a sharp 
rise of aortic pressure (‘water-hammer’ effect) as 
important for traumatic rupture, but also implicated 
simultaneous local pressure, traction and strain waves 
on the wall. Peak rises of aortic pressure were found by 
Moffat et al. (1966) in their experiments on stationary 
dogs struck on the sternum, but they were transient 
and no greater than 400 mm Hg. Pressure surges were 
not considered responsible or contributory to the 
aortic tearing found and they concluded that a rise in 
pressure does not potentiate the liability to tearing 
produced by blunt trauma to the chest. 

On the other hand, a local rise of pressure from 
embolic impact seems to be responsible for the small 
ruptures in pulmonary arteries associated with 
thrombo-emboli (Sevitt, 1976). Though the tension 
produced and forces available are not known, they 
could not be very large. 

The overall evidence is not conclusive, but a rise of 
aortic pressure caused by a blunt blow on the chest 
does not seem decisive for aortic rupture. Whether it 
can contribute in some cases or after deceleration has 
yet to be demonstrated. 
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Conclusions 

The internal and transverse nature of all traumgtic 
ruptures of the aorta indicates a stretching mechanism, 
and anatomical points of fixation largely determine 
location. The aortic attachment to the heart decides the 
supravalvular site of rupture in the ascending aorta, 
and the attachment of the ligamentum arteriosum 
plays a vital part in locating ruptures in the proximal 
descending aorta, the isthmus. 

Most ruptures are in the isthmus and they can be 
caused in several ways: 

1. By cranially directed deceleration after impact, 
producing transient stretching of the superior aorta. 

2. Through caudally directed deceleration after 
impact, as in those jumping from a height, producing 
caudal displacement of thoraco-abdominal viscera. 

3. By cranially directed displacement of the medi- 
astinum following a cranially directed blow to the 
lower thorax (shovelling mechanism). 

4. Possibly by lateral displacement of the upper 
thorax after an appropriate blow. 

5. Possibly by horizontally directed deceleration. 

More than one mechanism may be operative in 
individual cases, especially in victims of road accidents. 

Most ruptures of the ascending aorta are caused by 
severe blows on the front of the chest whereby the 
heart is displaced downwards and to the left. Other 
mechanisms such as cranially directed deceleration 
must also operate, especially in subjects without chest 
injury. 

Acute rises of aortic pressure induced by chest blows 
or deceleration are unlikely to be important for rup- 
ture, but are still sub judice. 

Ruptures of the distal descending aorta are 
associated with hyperextension injuries of the spine 
whereby the aorta is locally angulated forwards and 
tensed. 
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Aneurysms of the femoral artery 
MOHAN ADISESHIAH AND DAVID A. BAILEY 


SUMMARY 


Eight aneurysms of the femoral artery out of a total of 


27 in 16 patients developed symptoms requiring surgery, 
The operation of choice was Dacron prosthetic replace- 
ment of the aneurysm with preservation of profunda 


femoris perfusion. The incidence of complications of 


aneurysms was 30 per cent. The asymptomatic aneurysms 
were untreated and did not cause the patients any 
inconvenience as observed at their follow-up. Hence, 
surgery is advocated only for patients who develop 
symptoms provided that adequate follow-up and 
community medicine facilities exist. 


ANEURYSMS of the femoral artery are less common 
than aortic or popliteal aneurysms. The complication 
rate and management are not clearly defined. We 
report our experience with 16 patients admitted with a 
diagnosis of femoral artery aneurysm over a 15-year 
period. 


Patients 

The case histories of 16 patients suffering from true 
femoral artery aneurysm admitted to University 
College Hospital during the period 1960-75 were 
studied. The clinical details, operative procedure, 
results of treatment and length of follow-up were 
noted and analysed. Complete follow-up details on 
all the patients were available. 


Results 

The average age of the patients was 73 years (range 
41-81 years). There were 15 men and 1 woman. In 14 
patients there were 24 common femoral artery 
aneurysms and in 2 there were 3 aneurysms situated in 
the superficial femoral (Fig. 1). In 14 patients the 
aetiology was arteriosclerosis. One patient with a 
mycotic common femoral aneurysm had had a 
Dacron prosthesis inserted for an occluded femoral 
artery. Subsequently, the prosthesis became infected 
and the anastomotic site had become aneurysmal. In 
the youngest patient the aetiology was traumatic: he 
had sustained an injury to the groin while playing 
rugby several years previously (Fig. 2). Ten of the 
patients had aneurysms of the contralateral femoral 
artery. Four had aortic aneurysms and 5 had popliteal 
aneurysms. Fifteen patients had systemic hypertension 
and 1 of the 15 had suffered a previous myocardial 
infarction. No patient was diabetic (Table I). 

The symptoms and operative treatment in 7 patients 
are shown in Table II. Four aneurysms in 3 patients 
ruptured, 2 patients developed thrombosis of the 
aneurysm, 1 complained of local pain and increasing 





Fig. 1. Aneurysm of the superficial femoral artery shown by 
femoral arteriography. The aneurysm is in Hunter’s canal 
proximal to the adductor hiatus. 


difficulty in pulling on his trousers (Fig. 3) and 1 had 
evidence of distal embolism. Three common femoral 
aneurysms in 3 patients were treated by excision of the 
aneurysm and replacement with a Dacron prosthesis— 
from the proximal common femoral or external iliac 
artery to the distal common femoral artery proximal 
to its bifurcation. One patient with bilateral super- 
ficial femoral artery aneurysms was treated by excision 
and Dacron prosthetic replacement of both aneurysms. 
One patient with a superficial femoral aneurysm was 
treated by ligation of the aneurysm just proximal and 
distal to the lesion. One patient with a mycotic common 
femoral aneurysm also underwent proximal ligation 
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Fig. 2. Traumatic aneurysm of the right common femoral 
artery shown at aortography. The remainder of the arterial 
system appears healthy. 
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Fig. 3. Patient with an aneurysm of the right superficial 
femoral artery. He complained of pain over the swelling and 
increasing difficulty in pulling his trousers on over the aneurysm. 


of the common femoral artery. One patient who had 
suffered a distal embolus underwent Fogarty embolec- 
tomy via the superficial femoral artery. Nineteen 
common femoral aneurysms remained asymptomatic. 

The outcome in the 16 patients is shown in Table II. 
The 19 asymptomatic untreated aneurysms in patients 
of average age 75 years who were followed up over an 
average of 4 years and 4 months had patent common 
femoral arteries and none had required amputation. 
One patient died of pneumonia at the age of 85 years 
6 years after diagnosis of the aneurysm, which was 
left untreated. 

Of the 8 aneurysms in 7 patients of average age 71 
years who were treated surgically, the average length 
of follow-up was 4 years and 1 month. Four out of 5 
had patent Dacron prosthetic replacements. One 
patient with a thrombosed prosthesis remains 
symptom-free. One patient who underwent ligature 
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Table I: CLINICAL FINDINGS IN 16 PATIENTS 
Age 
Range 41-81 yr 
Average 73 yr 
Site of aneurysm 
Common femoral 24 
(14 patients) 
Superficial femoral 3 
(2 patients) 
Aetiology 
Arteriosclerosis 25 
Traumatic 1 
Mycotic ] 
Associated aneurysms 
Other femoral 10 
Aortic 4 
Popliteal 5 
Nil 5 
Associated diseases 
Hypertension 15 
History of 1 
myocardial infarction 
Nil 1 
Table II: SYMPTOMS AND TREATMENT IN 7 PATIENTS 
No. of 
aneurysms: 
Symptoms 
Rupture 4 
Thrombosis 2 
Pain 1 
Distal emboli 1 
Operation 
Dacron replacement 5 
Ligature 2 
Embolectomy l 


Table II: OUTCOME IN 19 ASYMPTOMATIC 
UNTREATED ANEURYSMS AND 8 SYMPTOMATIC 
TREATED ANEURYSMS 


Asymptomatic patients 


Average age 75 yr 
Patent 19 arteries 
Mortality 1 patient 
Amputation -- 
Length of follow-up 
Range 16 mth to 8 yr 
Average 4 yr 4 mth 
Symptomatic patients 
Average age 71 yr 
Patent 4 arteries 
Mortality 2 patients 
Amputation 2 limbs 
Length of follow-up 
Range 1 mth to 7 yr 
Average 4 yr 1 mth 


suffers claudication, but the limb remains viable. Two 
patients required amputation. One of these was the 
patient who underwent embolectomy for distal 
embolus. The other was the patient treated by ligature 
of the common femoral artery for a mycotic aneurysm. 
Two patients in this group died during the period of 
follow-up. One was the patient who had an amputa- 
tion following embolectomy; the cause of death was 
myocardial infarction occurring 1 week after amputa- 
tion. The other patient died of bronchial carcinoma 
2 years after surgery for aneurysm; the Dacron 
prosthesis was patent at the time of death. 
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Discussion 

Femoral artery aneurysms are commonly found 
in elderly, male, arteriosclerotic and hypertensive 
patients. Of interest is the absence of diabetes mellitus. 
In civilian practice traumatic aneurysms in this region 
are rare in spite of the greatly increased incidence of 
diagnostic procedures requiring puncture of the 
artery (e.g. arterial blood gas estimation and arterio- 
graphy). Antibiotics have reduced the incidence of 
mycotic aneurysms. 

In all but 3 instances, the common femoral artery 
was the site of the aneurysm. In the latter, the neck 
was always distal to the inguinal ligament and the 
bifurcation was not affected. This was in contrast to 
the observation by Cutler and Darling (1973) that the 
profunda femoris artery was aneurysmal as well in 
over half of their patients. Isolated arteriosclerotic 
aneurysms of the superficial femoral artery are 
uncommon. In our patients the aneurysms were sited 
in Hunter’s canal well proximal to the adductor hiatus 
(Fig. 1). The majority had bilateral femoral aneurysms 
and over one-quarter had aortic and/or popliteal 
aneurysms in addition. This finding of multiple 
aneurysms in cases of femoral aneurysms is in keeping 
with previous reports (Pappas et al, 1964; Cutler 
and Darling, 1973). 

Complications previously reported (Eastcott, 1969) 
include rupture, thrombosis, local pressure symptoms 
from nerve and vein compression and distal embolism. 
The exact incidence of these complications has been 
reported as varying from 16 per cent (Pappas et al., 
1964) to 43 per cent (Tolstedt et al., 1961). Previous 
authors have recommended an aggressive approach 
in management because of a high complication rate. 
In our series the majority of aneurysms (70 per cent) 
were asymptomatic, and in areas where follow-up 
facilities and community medicine services are ade- 
quate a conservative approach may be more justifiable. 
From Table HI it will be seen that all 19 patients with 
asymptomatic aneurysms had patent arteries and had 
not required amputation. In such cases, careful 
follow-up was all that was required. However, at the 
first sign of a complication, surgery is indicated. In 
mycotic or post-traumatic aneurysm, the case for 
surgical treatment is clear. 

The operative procedure of choice is replacement of 
the aneurysm with a Dacron prosthesis. The artery at 
this level is often of too great a diameter to permit 
replacement by a saphenous vein autograft. An 


important determinant of the preservation of the limb 
is to ensure adequate perfusion of the profunda 
femoris artery. With common femoral aneurysms this 
was easy to accomplish as the bifurcation was not 
affected and hence anastomosis to both the superficial 
and deep femorals could be accomplished with a 
tubular prosthesis. If the deep femoral is also aneurys- 
mal, a side-arm prosthesis should be taken from the 
main prosthesis to uninvolved profunda femoris, as 
advocated by Cutler and Darling (1973), or if techni- 
cally feasible the uninvolved profunda could be 
anastomosed end to side to the prosthesis. Superficial 
femoral aneurysms were treated by excision and 
replacement by a Dacron prosthesis. 

The patient who developed distal embolism was 
considered too frail for Dacron prosthetic replace- 
ment, and simple Fogarty catheter embolectomy was 
undertaken via the superficial femoral artery. In a 
fitter patient we would undertake embolectomy and 
reconstruction with Dacron prosthesis at the same 
operation. 

One superficial femoral aneurysm was treated by 
proximal and distal ligature because the patient was 
considered unsuitable for major surgery. The survival 
of the limb, despite claudication, is probably due to the 
fact that the profunda femoris is patent. 

Ligation was used as treatment for the mycotic 
aneurysm. The operation site was infected and further 
reconstruction was hazardous. The outcome was 
amputation. This was probably because deep femoral 
perfusion was cut off by the ligature. However, rupture 
of the aneurysm was occurring and treatment was 
directed against what was, in effect, life-threatening 
secondary haemorrhage. The patient was mobile on 
his limb prosthesis 6 years after amputation. 
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Retrograde jejunogastric intussusception: 


report of 2 cases 
J. L. EDWARDS AND D. A. AUBREY#* 


SUMMARY 

Two clinical variants of jejunogastric intussusception are 
described. In one, self-reduction is the rule, whilst in the 
other strangulation occurs and emergency surgery is 
mandatory. A case illustrating each variant is presented 
and its diagnosis and treatment are discussed. 


THE occurrence of high intestinal obstruction follow- 
ing gastro-enterostomy may be due to retrograde 
intussusception of the efferent or afferent loop through 
the stoma. Lack of awareness of this complication 
accounts for delay in diagnosis and this may be serious, 
since strangulation of the intussusception results in 
high mortality. Provided that the condition is con- 
sidered, then preoperative diagnosis can be established 
relatively easily, both by barium studies and by 
endoscopy. 


Case reports 

Case 1: At the age of 34 years (in 1953) this patient underwent 
a truncal vagotomy and posterior gastro-enterostomy for 
duodenal ulceration. In 1973, she presented with persistent 
central abdominal pain, accompanied by copious vomiting. 





Fig. 1. Case 1. Barium meal film showing a striated filling 
defect in the stomach. 
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Fig. 2. Case 1. Photograph of the resected specimen showing 
ischaemic necrosis of the intussuscepted jejunum. 
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The vomitus contained altered blood. On examination, the 
patient was anaemic and dehydrated. There was tenderness in 
the epigastrium, while in the left hypochondrium there were 
distension, a dull percussion note and a succussion splash. 
Abdominal X-rays revealed a dilated stomach containing a 
fluid level; there was minimal gas in the small intestine and no 
fluid levels. The haemoglobin was 15-7 g/dl, WBC 15-5 x 10~°/1, 
blood urea 15 mmol/l and serum amylase 1066 iu/I. Clinically, 
a high intestinal obstruction seemed likely and therefore, after 
resuscitation, an emergency barium meal was performed. This 
demonstrated a striated filling defect in the stomach and 
obstruction of the efferent loop at the anastomosis (Fig. 1). 

These findings suggested a retrograde jejunogastric intussus- 
ception, and at laparotomy this diagnosis was confirmed. The 
jejunum was withdrawn successfully from the stomach through 
the gastro-enterostomy stoma, thus reducing the jejunogastric 
intussusception; however, this revealed a residual, irreducible 
jejunojejunal intussusception, which necessitated resection of 
25 cm of jejunum with end-to-end anastomosis. The apex of 
the intussusception had undergone ischaemic necrosis (Fig. 2). 
The patient recovered uneventfully and there has been no 
recurrence of the intussusception subsequently. 


Case 2: In 1975 this patient was diagnosed as having a duodenal 
ulcer and a sliding hiatus hernia with reflux. Long term 
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medical treatment was instituted, but in 1972, when aged 45 
years, he developed duodenal stenosis. In December 1972 he 
underwent truncal vagotomy and gastro-enterostomy (Brenner 
type) and hiatus herniorrhaphy. During the first week after 
operation the gastric aspirate approximated to 4 litres in 
24 hours. A Gastrografin swallow 1 week after operation 
showed that the stomach was dilated and no contrast material 
passed through the gastro-enterostomy. However, during the 
second week the gastric aspirate steadily decreased, oral 
feeding was successfully established and the patient left 
hospital. He was readmitted 1 week later (i.e. 3 weeks post- 
operatively) with painless profuse vomiting; the vomitus did 
not contain blood, and abdominal examination revealed no 
tenderness, guarding or rigidity. A barium meal examination 
now showed a retrograde jejunogastric intussusception. Naso- 
gastric aspiration and intravenous fluid replacement were 
instituted and intravenous hydrocortisone (100 mg 6-hourly) 
was administered. The volume of the gastric aspirate steadily 
decreased and oral feeding was re-established 1 week later. A 
repeat barium meal study revealed no retrograde intussuscep- 
tion and no obstruction. During the ensuing 3 years the patient 
has remained totally symptom-free and two barium studies 
have shown no recurrence of the intussusception. 


Discussion 

Jejunogastric intussusception usually follows gastro- 
enterostomy, but it can occur following any procedure 
where the fixed duodenal loop has been bypassed. 
Thus, it has been reported after Polya gastrectomy 
(McNamara, 1944) and total gastrectomy (Davey, 
1954; Freeman et al., 1966). The afferent, efferent or 
both loops may be involved, but efferent loop involve- 
ment is by far the commonest (Shackman, 1940). No 
precipitating factor has ever been identified, but it may 
be that a naturally occurring intussusception which 
would otherwise have reduced spontaneously is 
prevented from doing so by the gastro-enterostomy 
stoma. 

Jejunogastric intussusception is an unusual cause of 
vomiting after gastric surgery and for this reason the 
diagnosis is often missed (Johnson, 1955). However, a 
mass in the left hypochondrium associated with blood 
in the vomitus is highly suggestive (Foster, 1956), and 
a striated filling defect in the stomach can be demon- 
strated readily by a barium meal examination (Jackman 
and Middlemiss, 1961) or the lesion may be seen by 
endoscopy (O’Kiefe et al., 1972). 

Two clinical variants are recognized. In one, self- 
reduction is the rule and hence an expectant policy is 
justifiable. In the other, strangulation occurs and 
urgent surgical intervention is mandatory. 

Jeyunogastric intussusception occurring in the early 
postoperative period (as in Case 2) should be managed 
conservatively. In such cases the administration of 
steroids parenterally may accelerate self-reduction 
(Rains and Capper, 1968), presumably by reducing 
the oedema in the intussusception. Occasionally this 
form may become chronic, resulting in repeated 
episodes of transient high intestinal obstruction, and 
then revisional surgery may be necessary. The symp- 
toms of this chronic self-reducing form are usually 
attributed to the postgastrectomy afferent loop 
syndrome (Mason et al., 1960). 

When jejunogastric intussusception occurs as an 
acute fulminating event at a time remote from the 


original operation (as in Case 1), self-reduction is 
unusual, and emergency laparotomy is indicated 
once the diagnosis is established. Delay in diagnosis 
of more than 48 hours results in the mortality 
rate increasing from 10 to 50 per cent (Aleman, 
1948). 

The most appropriate procedure at operation 
depends on the findings. Clearly, where strangulation 
has occurred, resection of the intussuscepted loop is 
essential. However, the prevention of further jejuno- 
gastric intussusceptions poses a problem, in that 
various attempts to anchor the jejunum outside the 
stomach have been advocated—-for example, by 
suturing the afferent to the efferent loop (Jaaskelamen, 
1954), by plication of the mesentery of the small 
intestine (Tuschka, 1963) or by suturing the jejunum 
to the anterior abdominal wall (Swartz, 1929)—but all 
have been followed by recurrence (Burdman, 1954; 
Douglas, 1954). Elimination of the anastomosis 
between the stomach and the jejunum would seem to 
be the ideal solution, but this may be technically 
hazardous. 

There appears to be no certain way of preventing 
recurrence of the intussusception, but at least when 
this does occur the patient readily appreciates the 
significance of the symptoms (Shackman, 1940). 
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Carbohydrate tolerance with portal and systemic 


venous drainage of the pancreas 
JACK COLLIN, R. M. R. TAYLOR ANDIVAN D. A. JOHNSTON#* 


SUMMARY 

Carbohydrate tolerance was studied in 8 dogs with 
pancreatic venous drainage to the hepatic portal vein 
and 6 dogs with pancreatic venous drainage to the 
systemic veins, While systemic venous drainage of the 
pancreas was associated with higher fasting plasma 
insulin and lower fasting plasma glucose levels, no 
significant differences in either glucose clearance or 
insulin response to glucose were detectable. Therefore, 
in the maintenance of plasma glucose homeostasis, 
administration of insulin into the portal vein offers no 
significant advantages over the easier systemic route. 


THREE separate techniques of continuous replacement 
of pancreatic endocrine function are currently being 
investigated. These are the artificial electromechanical 
pancreas (Albisser et al., 1974), pancreatic islet cell 
transplantation (Ballinger and Lacy, 1972) and 
vascularized pancreatic transplantation (Gliedman et 
al., 1975). While it is too early to say whether or not 
any of these techniques will prove to be a practical 
method of treating the severe complications of 
diabetes mellitus, there is already some evidence that 
the renal glomerular lesions of diabetic rats can be 
improved by a successful islet cell isograft (Mauer et 
al., 1975). Each of these means of continuous insulin 
delivery raises the same question: should the insulin be 
delivered into the hepatic portal vein, as in the normal 
physiological pattern, or into the technically more 
accessible systemic veins? It has been suggested that 
the continuing occurrence of the vascular complica- 
tions of diabetes in spite of apparently adequate 
insulin injections may be related to absorption from 
the injection site being to systemic rather than to 
hepatic portal veins. Half or more of the insulin in 
portal blood is normally removed by the liver (Izzo 
et al., 1972), and Starzl et al. (1975) have shown that 
this insulin may exert a hepatotrophic effect. A study 
was planned to compare glucose tolerance following 
systemic venous drainage of the pancreas with glucose 
tolerance in animals having portal venous drainage 
of the pancreas. 


Materials and methods 

Adult mongrel dogs weighing more than 18 kg were 
used. In all the animals fasting plasma insulin and 
glucose and serum amylase estimations were carried 
out daily for the first 8 days postoperatively and at 
intervals thereafter. Intravenous glucose tolerance 
tests were performed on the first, fourth and twenty- 
second postoperative days. The rate of disappearance 


of injected glucose from the blood was expressed as 
the glucose clearance or k-value, as described by 
Lundbaek (1962). As a measure of insulin response to 
glucose a value £ A/ was calculated for each glucose 
tolerance test, this value being the mean increment in 
plasma insulin at 5, 15 and 30 minutes after glucose 
injection, 


Group A: Systemic venous drainage 

In 6 dogs all the pancreatic tissue other than the 
pancreatic tail was excised. The pancreatic tail was 
removed on a vascular pedicle of splenic artery and 
vein. The splenic artery was cannulated and the 
vessels flushed with a balanced salt solution at 4 °C. 
The pancreatic tail was autotransplanted to the left 
groin by anastomosis between the graft splenic vessels 
and the recipient femoral artery and vein (Fig. 1). 


Group B: Portal venous drainage 

In 8 dogs all the pancreatic tissue other than the 
pancreatic tail was excised. In addition, the pancreatic 
tail was mobilized on its vascular pedicle as if it were 
to be removed for transplantation, denervation of the 
gland being achieved by dividing all nerve fibres in the 
vascular pedicle. 


Results 


Glucose clearance 

In group A the glucose clearance (A-value) was normal 
on the first postoperative day (f = 0°322, P>0-7), but 
was significantly reduced on the twenty-second post- 
operative day compared with preoperatively (¢ = 3-123, 
P<0-05). 

In group B paired comparisons with the pre- 
operative situation showed the k-values to be signifi- 
cantly reduced on both the fourth and twenty-second 
postoperative days (P < 0-005). 

At no time in the postoperative period were there 
any significant differences in glucose clearance 
between animals with systemic and those with portal 
venous drainage of the pancreatic tail (Fig. 2). 


Insulin response 

In group A the insulin response to glucose was 
increased on the first postoperative day compared 
with preoperatively, but was significantly decreased 
by the twenty-second postoperative day (f = 3-426, 


P<0-0S). 
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Shock as a complication of pancreatitis is well 
known. However, attention has recently 
focussed on the pancreas as a target organ in 
shock due to other causes.' Either situation 
leads to impaired perfusion and a chain of 
events mediated by kallikrein, which leads 
through hypoxia and release of proteolytic 
enzymes to inappropriate activation of 
coagulation, fibrinolysis and the kinin system. 


This process can be blocked by the 
administration of Trasylol, which inhibits 
kallikrein.? Trasylol has also been shown to 
prevent the production of basic polypeptides 
such as kinins and pulmonary lesion factor 
(PLF),? which are also implicated in the 
shock process. 


In a prospective double blind trial,4 addition of 
Trasylol to standard therapy significantly 
reduced the mortality due to acute pancreatitis, 
and favourably altered the course of the illness. 
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The proven therapy in acute 
pancreatitis 
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Fig. 1. Pancreatic tail autotransplant showing the double 
arterial anastomosis. 
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Fig. 2. Comparison of glucose clearance (A-value) between 
groups A and B. 


Paired comparisons in group B revealed a signifi- 
cantly increased insulin response on the first post- 
operative day (¢ = 2-370, P< 0-05), while on the fourth 
and twenty-second postoperative days the response 
was significantly decreased (P< 0-05) compared with 
preoperatively. 

Comparisons between the groups revealed no 
significant differences in insulin response at any time 
in the postoperative period (Fig. 3). 


Fasting plasma glucose and insulin 

The mean fasting plasma insulin was higher through- 
out most of the postoperative period in dogs with 
systemic venous drainage of the pancreatic tail, and 
the mean fasting plasma glucose was consistently 
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Fig. 3. Comparison of insulin response to glucose (& A/) 
between groups A and B. 
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Fig. 4. Comparison of fasting plasma glucose, insulin and 
serum amylase between groups A and B. 


lower (Fig. 4). These differences were statistically 
significant only on the first postoperative day for 
fasting plasma glucose (7 = 2-375, P = 0-04) and on 
the twenty-second day for insulin (¢ = 2783, P = 0-02). 


Serum amylase 

In all the dogs the serum amylase was greatly elevated 
for the first week postoperatively (Fig. 4). In the dogs 
with systemic venous drainage of the pancreatic tail 
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the serum amylase remained elevated for much longer, 
and on the eighteenth postoperative day was signifi- 
cantly greater than in the dogs with portal venous 
drainage of the pancreas (7 = 2-401, P = 0-04). 


Discussion 

Venous drainage of the islets of Langerhans into the 
hepatic portal system is the universal pattern in animals 
in which these cells occur. It is therefore of consider- 
able interest to discover if there are any detectable 
differences in glucose homeostasis associated with 
venous drainage of the pancreas to the systemic rather 
than to the portal venous system. 

Hyperinsulinaemia was recorded after both ortho- 
topic and heterotopic pancreatic transplantation by 
Sells et al. (1972), while depression of the mean blood 
_ glucose in glucose tolerance tests occurred only with 
systemic venous drainage. The authors attributed the 
relative hypoglycaemia in glucose tolerance tests 
following heterotopic transplantation to diversion of 
pancreatic vein blood away from the hepatic portal 
vein and consequent bypassing of the various glucose 
regulatory mechanisms of the liver. Persisting hypo- 
glycaemia in dogs receiving total pancreatic allografts 
with inferior vena caval drainage had previously been 
reported by Bergan et al. (1965), although these 
authors did not have control data for comparison. 
In contrast to these findings, other investigators 
(Reemtsma et al., 1963; Chaya et al., 1966) have not 
seen hypoglycaemia. In addition, Starzl et al. (1963) 
were unable to demonstrate any significant difference 
in the hypoglycaemic response to prolonged insulin 
infusion between infusions given into the portal vein 
and into the systemic veins. As part of their experi- 
ments to determine the effect of portacaval transposi- 
tion on carbohydrate metabolism Waddell and 
Sussman (1967) diverted the venous drainage of the 
normal dog’s pancreas into the inferior vena cava, and 
following this procedure observed significantly reduced 
peripheral venous concentrations of insulin while 
glucose tolerance was increased. 

The present experiments have shown that fasting 
plasma insulin levels tend to be slightly higher and 
plasma glucose to be slightly lower with systemic 
venous drainage of the pancreas. There are, however, 
no significant differences in glucose tolerance or 
insulin response to glucose between animals with 
systemic and those with portal venous drainage of the 
pancreas. Under fasting conditions 50 per cent of the 
insulin in portal vein blood is removed by the action of 
hepatic insulinase (Izzo et al, 1972), and this would 
account for the lower fasting plasma insulin levels in 
dogs with portal vein drainage of the pancreas. The 
similarity in glucose tolerance and insulin response 
between the two groups may be accounted for by the 
removal of a decreasing proportion of portal vein 
insulin by the liver as portal insulin concentration and 
blood flow increase (Misbin, 1976). Furthermore, 
insulin is also removed to a variable extent by 
other tissues, and it has been shown that the kidney 


(Chamberlain and Stimmler, 1967) removes 29 per 
cent of the insulin from renal arterial blood, making 
this organ an important site of insulin destruction. 

While it may well be that portal vein drainage of the 
pancreas is essential for normal liver function, our 
experiments have shown no advantage to the glucose 
homeostatic mechanism, as measured by glucose 
tolerance, associated with portal compared with 
systemic venous drainage of the pancreas. Therefore, 
in the treatment of diabetes mellitus there would 
appear to be nothing to gain from attempts at portal 
vein administration of insulin. 
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Portal hypertension treated by left gastro-epiploic to 


left renal vein anastomosis: case report 
S. STIPA, P. SCARAMUZZA AND M. LOMBARD* 


SUMMARY 

A case of portal hypertension is presented in which 
because of the presence of multiple thromboses of the 
main portal branches one of the usual portasystemic 
shunts could not be performed. An anastomosis 
between an enlarged left gastro-epiploic vein and the 
left renal vein was successfully carried out. Six months 
after surgery the patient was well and no further 
haemorrhage had occurred. 


SOMETIMES in the surgery of portal hypertension the 
local anatomical conditions make it impossible to 
perform a classic portasystemic shunt, either truncal 
or using major branches. According to the literature, 
anastomoses have been carried out occasionally 
between systemic veins and various portal branches 
{anastomosis between an omental vein and the left 
renal vein: Large et al., 1952; between an ileocolic 
vein and the right iliac vein: Moncure et al., 1976). 
A case is presented here in which an anastomosis of 
the left gastro-epiploic vein to the left renal vein was 
performed successfully. 


Case report 
R. L. M., a 49-year-old woman, presented in December 1975 
with a diagnosis of portal hypertension. 

In 1971 she bad had a cholecystectomy and 6 months later 
a choledochotomy for choledocholithiasis. Subsequently, the 
patient had suffered from fatigue, malaise and fullness and 
abdominal distension after meals until February 1974, when 
severe haematemesis and melaena necessitated hospital admis- 
sion. A barium meal examination showed a suspected gastric 
ulcer. In May 1974 she suffered another severe bleeding episode 
and was readmitted to hospital. This time an oesophago- 
gastroscopy revealed varices of the lower oesophagus. The 
patient was discharged after 2 months. 

When the patient was first seen by the present authors her 
general condition was satisfactory, but she had lost 10 kg in 
weight during the previous year, and had anorexia and dyspep- 
lic symptoms but no history of jaundice. 

Physical examination revealed a large incisional hernia 
through the midline scar; the liver was not palpable but there 
was splenomegaly (four finger-breadths) with no signs of 
ascites. 

Laboratory investigations showed the following: RBC 
44x 10mm", haemoglobin 11-8 2/100 ml, WBC 3-5» 10%/ 
mm, platelet count 127 000/mm*, total protein 8-5 g/100 ml, 
with albumin 3-5 g/f00 ml, total bilirubin 0-64 mg/100 ml, 
with direct bilirubin 0-12 mg/100 ml, alkaline phosphatase 
66 mumli, SGOT 13-3 units, SGPT 7-5 units, serum sodium 
137-7 mEaq/ml, serum potassium 4:58 mEq/ml, PT 75 per cent. 
bromsulphthalein retention ES per cent at 45 minutes. A 
barium meal and oesophagogastroscopy confirmed the 
presence of large varices in the lower oesophagus: there was 
no evidence of gastric or duodenal ulcer. 

Operation was performed on 23 December through the 
previous midline incision. A normal liver with severe periportal 


fibrosis and splenomegaly were found. The omental veins 
were extremely dilated and tortuous; the left gastro-epiploic 
vein had a diameter of 1-S cem. The portal vein pressure was 
30cm H,O. A mesocaval bypass with interposition of a 
segment of internal jugular vein was planned, but the superior 
mesenteric vein was found to be too narrow and partially 
thrombosed. Dissection of the splenic vein revealed that it 
could not be used because it was fibrosed and completely 
occluded near the terminal part. 

It was therefore decided to clear the left renal vein for a 
length of 2cm with the intention of anastomosing it to the 
left gastro-epiploic vein, which appeared to be of sufficient 
calibre to allow a haemodynamically efficient portasystemic 
shunt. The left gastro-epiploic vein was dissected for a 
sufficient length to allow it to be brought down to the renal 
vein in a curve without tension. The renal vein was partially 
occluded with a Cooley clamp. The left gastro-epiploic vein 
was anastomosed to it end to side with two everting continuous 
sutures (Fig. 1). After removal of the clamps, the shunt was 
patent. The portal pressure dropped to 24 cm H,O at this stage. 
A liver biopsy was performed and the abdomen was closed in 
layers. 

A few hours after the operation a haematemesis (300 ml) and 
melaena occurred, but apart from this episode and the 
appearance of moderate ascites, which was easily controlled 
medically, no further haemorrhage or other complications 
occurred. 

Postoperative arteriography (Fig. 2) of the coeliac trunk 
and the superior mesenteric artery, performed on the twenty- 
third postoperative day, confirmed the patency of the shunt 
and demonstrated total occlusion of the portal vein. The only 
inflow to the liver was through the hepatic artery. 

The patient was discharged in a satisfactory general condi- 
tion and during the subsequent 6 months no further bleeding 
episode, jaundice, ascites or any sign of portasystemic 
encephalopathy appeared. An obvious reduction in the 
splenomegaly occurred. 


Discussion 
Several cases have been reported in which left gastro- 
epiploic to left renal vein anastomosis has been 
performed. De Britto et al. (1952) reported a patient 
with portal hypertension and portal and splenic vein 
thromboses secondary to schistosomiasis in whom 
they performed this shunt. Picchiotti (1965) described 
2 cases operated on by Valdoni. In one the anasto- 
mosis was between the left gastro-epiploic and left 
renal veins, and in the other a double shunt was 
performed: one between the left gastric vein and 
inferior vena cava and the other between the right 
gastro-epiploic vein and vena cava. Unfortunately, 
no data were given describing the operative results 
or long term survival. 

In the present case the type of anastomosis was 
chosen for anatomical and haemodynamic reasons. 
As the main portal branches were thrombosed, it 
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Fig. 1. Diagram showing the left gastro-epiploic vein to 
left renal vein anastomosis. 


was impossible to perform one of the usual porta- 
systemic shunts. The utilization of the left gastro- 
epiploic vein presented no technical problems. 
Because of its good calibre, this vessel was able to 
allow drainage of the gastric veins into the left renal 
vein. Postoperative arteriography and a barium 
swallow 6 months after operation confirmed the good 
clinical result. 

In presenting this case we do not propose that this 
shunt should be used as an elective operation for the 
treatment of portal hypertension, because a large 
left gastro-epiploic vein is unusual. This operation 
was the only method of providing satisfactory portal 
decompression in our patient. 


Fig. 2. Postoperative angiogram showing a patent shunt. 
The arrow indicates the left gastro-epiploic vein. 
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Arterial hypoxia in acute pancreatitis 
C. W. IMRIE, J. C. FERGUSON, D. MURPHY AND L. H. BLUMGART* 


SUMMARY 
Severe arterial hypoxia while breathing ambient air 
(Pao, < 60 mm Hg) was recorded in 38 (45 per cent) 
of a group of 84 patients with acute pancreatitis when 
arterial blood gas monitoring was performed during the 
first week of illness. This contrasted with an incidence 
of 19 per cent severe hypoxia in a heterogeneous group 
of 68 patients with acute abdominal pain admitted as 
surgical emergencies. Clinical evidence of respiratory 
embarrassment was rarely present in either the patients 
with acute pancreatitis or the other patients, Arterial 
hypoxia was related to the prognosis in both groups. 
ft is recommended that all patients with acute 
pancreatitis have routine arterial blood gas monitoring 
performed during the first 5 days of illness. Furthermore, 
all older patients (over 60 years) and younger patients 
with moderate hypoxia (Pao,< 70 mm He) should be 
given supplementary humidified oxygen. An awareness 
of occult respiratory insufficiency in surgical emergency 
admissions, and especially in acute pancreatitis, is of 
importance. 


It is well recognized that pleural effusion, pulmonary 
oedema and atelectasis may complicate acute pancrea- 
titis (Roseman et al, 1960; Fishbein et al., 1962: 
Kaye, 1968; Manns, 1972; Warshaw et al., 1975) and 
that these complications are more common in acute 
pancreatitis than in other diseases (Gliedman et al., 
1970). 

Respiratory insufficiency manifest by arterial 
hypoxia frequently occurs in acute pancreatitis with- 
out obvious clinical or radiographic signs. Indeed, 
this hypoxia can be life-threatening and may occasion- 
ally necessitate mechanical ventilation, especially 
after early laparotomy (Ranson et al., 1973, 1974). 
Clinical respiratory complications are more common 
in patients with early hypoxia (within 48 hours of 
admission), but no clear association with mortality 
has been found (Ranson et al., 1974). 

The purpose of the present study was to determine 
the incidence and degree of arterial hypoxia during the 
first week in hospital of patients with proven acute 
pancreatitis and to compare this with the hypoxia 
which occurred in a heterogeneous group of patients 
admitted as surgical emergencies with acute abdominal 
pain. 


Patients and methods 

Eighty-four patients with acute pancreatitis, admitted 
to Glasgow Royal Infirmary during the period 1974-5, 
were treated as previously described (Imrie and Whyte, 
1975). Serial arterial measurements of Pop, pH, PCO, 


and base excess were performed in each patient on 
ambient air and on humidified oxygen during the first 
week of illness. Humidified oxygen was provided as 
part of the treatment regimen (via a Hudson mask) 
for all patients over 60 years and for younger patients 
with a Pao, level of less than 70mm Hg while 
breathing ambient air. 

The other emergency surgical admissions comprised 
68 patients with acute abdominal pain who had 
arterial blood gas measurements performed. The 
diagnoses in this group are indicated in Table I. Com- 
parison of arterial blood gas analysis between this 
group of patients and those with acute pancreatitis 
was confined to the period before laparotomy. 


Table I: CAUSE OF ACUTE ABDOMINAL PAIN IN 
PATIENTS WITHOUT ACUTE PANCREATITIS 


Diagnosis: Acute cholecystitis/biliary colic No. of cases: 14 


Exacerbation of duodenal ulcer 10 

Acute appendicitis il 

Perforated duodenal ulcer/small 9 
bowel 


Acute/subacute bowel obstruction 6 
Renal/ureteric colic 5 
Acute diverticular disease 3 
Dissecting aortic aneurysm 2 
Upper gastro-intestinal bleeding 1 
Abdominal pain of unknown cause 7 


Total 68 
Table Li: NUMBER OF PATIENTS, AGE, SEX AND 


MORTALITY 
Acute pancreatitis 


patients Other patients 

Total number 84 68 
Sex 

Male 44 36 

Female 40 32 
Age {mean „f s.d.) 33- 17 51 +21 
Mortality 

Number 8 4 

yA 9-8 59 


Chest X-rays were performed routinely on all 
patients on admission and repeated only if clinical 
examination indicated respiratory disorder. 

Arterial blood was collected anaerobically from the 
radial or femoral artery into a previously heparinized 
syringe. Blood gas analysis was performed within 
I5 minutes on a BMSH Analyser (Radiometer, 
Copenhagen). 

Arterial hypoxia was considered moderate when the 
arterial Pao, (ambient air) was less than 70 mm Hg 
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Fig. 1. Subdivision of acute pancreatitis and other patients 
according to severity of arterial hypoxia. 
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Fig, 2. Daily mean Pao, levels (+-s.d.) for patients with 
acute pancreatitis. The dotted lines indicate the expected 
normal range (Sorbini et al., 1968). 


and severe when the Pao, was less than 60 mm Hg 
(Campbell, 1965). Results are presented according to 
calendar days after admission. For this purpose, 
results belonging to day 0 are those obtained up to 
midnight on the day of admission, those to day | for 
the next 24 hours and so on. 

Arterial oxygen tension is known to decrease in a 
linear fashion with advancing age in normal healthy 
subjects; therefore the expected value of the Pao, 
was calculated for each group using the formula: 
Pao, (mm Hg) = 107—043 x age (vr) (Sorbini et al, 
1968). 


Results 
The number of patients, age, sex and mortality for 
both groups studied are shown in Table I. 

Ten of the patients with acute pancreatitis revealed 
radiological evidence of pleural effusion, mainly of a 
transient nature and confined to the left side. The 
effusion was aspirated in 2 cases because resolution 
was slow and there was a possible contribution to the 
respiratory insufficiency. In addition, 5 patients with 
acute pancreatitis had definite radiological evidence 
of atelectasis. In all 15 patients these changes 
developed after admission. 
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Fig. 3. Daily mean Pao, levels (-:s.d.) for patients with 
severe duodenal ulcer pain. The dotted lines indicate the 
expected normal range (Sorbini et al., 1968). 
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Fig. 4. Pao, levels recorded in a patient with acute pancreatitis 
breathing ambient air (solid line) and humidified oxygen at 
6 litres/min (broken line). 


In the patients with acute pancreatitis, 38 (45 per 
cent) developed severe arterial hypoxia and a further 
29 (35 per cent) had Pao, levels below 70 mm Hg at 
some stage during the first week of illness (Fig. 1). 
The mean Pao, (+s.d.) according to calendar days 
after admission is shown in Fig. 2, which indicates a 
persistently low Pao, during the first week of acute 
pancreatitis. At no time does the mean figure fall 
within the expected range according to the Sorbini 
equation (Sorbini et al., 1968). 

Of the 68 patients admitted with acute abdominal 
pain, 13 (19 per cent) developed severe arterial 
hypoxia, while a further 15 (22 per cent) were moder- 
ately hypoxic, resulting in only 41 per cent of these 
patients recording a Pao, level below 70 mm Hg (Fig. 
1). The group of patients with acute abdominal pain 
arising from duodenal ulceration present a contrast 


to those with acute pancreatitis, as arterial hypoxia 
was present for the initial 24-48 hours of illness, 
followed by rapid improvement to the expected level 
of Pao, (Fig. 3). 

Clinical evidence of respiratory embarrassment was 
rarely evident in patients of either group. Even in 
patients with severe hypoxia, dyspnoea and cyanosis 
were frequently absent and only moderate tachypnoea 
noted. Figures obtained for both groups of patients 
on the day of the lowest recorded Pao, are given in 
Table H. 

The relationship between severity of arterial 
hypoxia and prognosis is indicated in Table IV. 
Death occurred more commonly in those with severe 
hypoxia, and only one of the 8 patients with acute 
pancreatitis who died did not have significant hypoxia 
recorded (she survived for 6 hours after admission, 
and | year previously had been fully assessed and 
considered unfit for heart valve replacement surgery). 
Of the 2 patients with moderate arterial hypoxia, one 
died within 24 hours of admission when the Pao, was 
65 mm Hg, while the other (Pao, of 60 mm Hg on 
day 0) died 6 weeks after admission following surgical 
drainage of a pancreatic abscess. Six of the 8 patients 
with acute pancreatitis who died survived for 48 hours 
or more and 4 of these exhibited progressive arterial 
hypoxia. Of the 59 patients with acute pancreatitis 
who had arterial blood gas monitoring continued after 
the initial 48 hours of their illness, 31 had their lowest 
Pao, recorded on the third day or later after admission. 
In many instances the Pao, levels (ambient air) con- 
tinued to fall during the initial 4-7 days in hospital 
despite resolution of pain and paralytic ileus (Fig. 4). 
The mean Pao, on day 7 for all patients with acute 
pancreatitis was 67+13 mm Hg, compared with 
an expected 86-54 11-5 mm Hg calculated by the 
Sorbini equation. Thus, there was an extended 
period of respiratory insufficiency found in acute 
pancreatitis. 

The association of a fatal outcome with severe 
arterial hypoxia was also shown in the other patients. 
All 4 who died had levels of Pao, under 60 mm Hg. 

The arterial hypoxia found in patients with acute 
pancreatitis was partially corrected by the provision 
of humidified oxygen, utilizing a Hudson mask at a 
flow rate of 4-8 litres/min. However, at a constant 
flow rate of humidified oxygen, a progressively less 
effective reversal of the downward trend in Pao, levels 
was frequently recorded. This ts well illustrated in the 
recordings of an individual patient shown in Fig. 4. In 
a minority of patients, higher flow rates of oxygen 
were necessary to maintain satisfactory Pao, levels; 
diuretic therapy, utilizing frusemide, was frequently 
necessary in these cases. 





Discussion 

This study has shown that both moderate and severe 
arterial hypoxia commonly occur in acute pancreatitis. 
In the investigation of aspects of acute pancreatitis, 
it is acknowledged that control patients are difficult 
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Table HI: ARTERIAL MEASUREMENTS FOR ALL 
PATIENTS ON DAY OF LOWEST RECORDED Pao, 


Arterial hypoxia in pancreatitis 


Parameter Acute 

measured pancreatitis Other 
(mean +-s.d.) patients patients 
Pao, 61-6 49-7 72-4 we 13-6 
pH 7-43 +-0-04 7414 0-05 
Paco, 35-5 +67 35-5 + 7-4 


Table IV: ARTERIAL HYPOXIA RELATED TO 
MORTALITY IN ACUTE PANCREATITIS 


foviecteecanied Patients Mortality 
Po, (mm Hg) No. % No % 
70 or above 17 20 j 5:9 
60-69 29 35 2 6-9 
Less than 60 38 45 5 13:2 
Total 8&4 8 9-5 





to obtain. However, the results from the group of age- 
and sex-matched emergency surgical admissions with 
acute abdominal pain are included primarily to 
indicate the lower incidence of arterial hypoxia. 
Whereas only 20 per cent of patients with acute 
pancreatitis maintained Pao, levels greater than 70 
mm Hg, 59 per cent of the other patients maintained 
this level of arterial oxygenation. At the opposite end 
of the spectrum, almost half of those with acute 
pancreatitis developed severe arterial hypoxia while 
this was a relatively uncommon finding in other 
emergency surgical admissions. 

Our finding of a high incidence of early arterial 
hypoxia in acute pancreatitis confirms that of other 
workers (Ranson et al., 1974), but we would emphasize 
the advisability of continued blood gas analysis 
beyond the initial 48 hours of illness. This is supported 
by the findings that the majority of patients studied 
developed progressive arterial hypoxia, and particu- 
larly that patients who died after the initial 48 hours 
of illness usually had a falling arterial oxygen satura- 
tion. The failure of other workers to find a correlation 
between arterial hypoxia and severity of acute 
pancreatitis as judged by a fatal outcome may be 
related to the fact that arterial blood gas measure- 
ments were only recorded during the initial 48 hours 
of disease (Ranson et al., 1974). In the present study, 
where extended blood gas monitoring was the rule, 
severe hypoxia was more frequently associated with 
a fatal outcome. In addition, it is important to note 
that all 4 deaths in the group of other surgical emer- 
gencies occurred in patients with severe arterial 
hypoxia. This is consistent with the association 
between arterial hypoxia and mortality shown in an 
analysis of 97 surgical patients (Overfield and Powers, 
1972). 

The provision of humidified oxygen usually 
maintained higher and more satisfactory levels of Pao, 
in the first week of illness. However, a commonly 
observed feature is the reduced efficacy of a constant 
flow rate of supplementary oxygen with duration of 
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iliness. This most probably reflects an increased right 
to left shunt in the pulmonary circulation during the 
course of acute pancreatitis. We have previously shown 
that the routine provision of supplementary oxygen to 
the high risk older patient with acute pancreatitis is 
associated with a reduced mortality rate (Imrie and 
Blumgart, 1975). 

Particular attention to blood gas monitoring and 
supplementary oxygen therapy is indicated in patients 
with acute pancreatitis submitted to laparotomy 
because both anaesthesia and surgical intervention 
increase arterial hypoxia (Spence and Smith, 1971). 
The mechanism of the respiratory embarrassment in 
acute pancreatitis is only partially understood. In any 
one patient, more than one factor is usually respon- 
sible. Pleural effusion, atelectasis and pulmonary 
oedema are well documented (Roseman et al., 1960: 
Kaye, 1968; Finley, 1969; Kellum et al, 1972: 
Ranson et al., 1973; Warshaw et al., 1975), while the 
role of pulmonary thrombo-embolism and possible 
local intravascular coagulation in the pulmonary 
vascular bed is still largely speculative. The existence 
of a right to Jeft shunt is strongly suggested by the 
present study, but the mechanism awaits elucidation. 
Some workers have noted pulmonary hypertension 
(Halmagyi et al., 1974), while others have not 
(Warshaw et al., 1975), and this may be a variable 
feature in acute pancreatitis. Loss of surfactant due to 
the activity of phospholipase A or similar substances 
is yet another aspect of this phenomenon which 
requires further study. 

Whatever factors are involved in the production of 
arterial hypoxia in acute pancreatitis and in certain 
other patients admitted with acute abdominal pain, 
the important practical aspect is the frequent finding 
of occult respiratory insufficiency, only revealed by 
arterial blood gas analysis. The results of this study 
indicate the need for a constant awareness of the 
importance of arterial hypoxia in patients with acute 
abdominal pain and especially in acute pancreatitis, 
Further study of the relationship of hypoxia to the 
severity of acute pancreatitis is required. 
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The amylase creatinine clearance ratio in 


acute pancreatitis 
W. R. MURRAY AND C. MACKAY #* 


SUMMARY 

One hundred and twenty-two patients have been studied 
in order to evaluate the usefulness of the amylase 
creatinine clearance ratio (ACCR) as a simple diagnostic 
test for acute pancreatitis, Sixteen out of 17 patients 
with acute pancreatitis had significant elevations in 
ACCR; in only 10 of these 17 cases was the serum 
amylase greater than 1200 iuji. The mean ACCR was 
within the normal range in control patients, in patients 
with chronic gastro-intestinal disease and in patients 
with acute abdominal conditions excluding pancreatitis; 
however, the mean serum amylase was significantly 
greater in patients with acute abdominal conditions than 
in the control group (P <0-05). The ACCR remained 
significantly elevated in patients with acute pancreatitis 
for longer than either serum or urine amylase values. 
The findings of the study suggest that the amylase 
creatinine clearance ratio is a simple yet reliable 
diagnostic test which could be used when screening 
patients suspected of having acute pancreatitis. 


A RATIONAL management policy in acute pancreatitis 
ideally requires a rapid non-invasive diagnostic test 
which is specific for the condition. Clinically, 
pancreatitis may mimic other acute abdominal 
conditions and therefore biochemical data are generally 
relied upon for confirmation of the diagnosis. Serum 
amylase is the most commonly used diagnostic test 
and is of value provided that its limitations are 
recognized. Hyperamylasaemia in the absence of 
acute pancreatitis is well documented (Wapshaw, 
1949; Editorial, 1967), while in approximately 5 per 
cent of cases of proven acute pancreatitis, no signifi- 
cant elevation of serum amylase can be detected 
(Kalliomaki and Antila, 1971). In 1969 Levitt et al. 
showed that the renal clearance of amylase, expressed 
as a percentage of simultaneous creatinine clearance to 
minimize irrelevant changes due to variations in renal 
function, rises in acute pancreatitis to levels several 
times higher than normal. Warshaw and Fuller (1975) 
investigated conditions which may be clinically 
confused with acute pancreatitis and found that 
elevation in the amylase creatinine clearance ratio 
(ACCR) was specific for acute pancreatitis. The aim 
of the present study was to verify these results and to 
evaluate the use of the ACCR in the diagnosis of acute 
pancreatitis. 


Patients and methods 
One hundred and twenty-two patients were studied, 
blood and urine samples for ACCR estimation being 


taken within 24 hours of admission. The patients were 
divided into four groups according to the diagnoses 
made by the surgical teams responsible for their 
management without prior knowledge of the ACCR 
results. The four groups studied were as follows: 
Group |: Forty patients acting as controls with condi- 
tions unrelated to the gastro-intestinal tract: breast 
lumps (8), hernia (8), vascular disease (5), stitch 
sinuses (4), soft tissue injuries (4), scrotal swellings (4), 
neck lumps (2) or miscellaneous (5). 

Group 2: Thirty patients with peptic ulceration (10), 
gastro-intestinal cancer, excluding the pancreas (9), 
cholelithiasis (5), anorectal conditions (5) or diverti- 
cular disease (1). 


Table 1: AGE AND SEX DISTRIBUTION OF THE 
GROUPS 








Groups 
ł 2 3 4 
Number of patients 40 30 35 17 
Mean age-s.e, (yr) 44-2 544-2 483 $44.4 
Sex 
Male 22 17 20 12 
Female 18 13 is -5 





Table H: SERUM AND URINE CREATININE RESULTS 
Serum creatinine Urine creatinine 


Group (umol/D (umol/l) 
1 86-7 -4+2°5 114002. 80 
3 86:2 + 4-4 12 900 +. 1400 
4 90:1 4-5-3 10 900 +. 1700 





Results given as mean-s.e. 


Group 3: Thirty-five patients with acute abdominal 
conditions diagnosed as acute cholecystitis (9), acute 
peptic ulceration (7), perforated viscus (7), alcohol- 
induced ‘gastritis’ (4), ureteric colic (3), acute appendi- 
citis (2), diverticulitis (1), mesenteric adenitis (1) or 
pelvic inflammatory disease (1). These diagnoses were 
varied but conditions associated with non-pancreatic 
hyperamylasaemia were well represented. 

Group 4: Seventeen patients diagnosed as having 
acute pancreatitis. The diagnostic criterion used in the 
Western Infirmary, Glasgow, was a serum amylase | 
of greater than 1200 iu/l or a laparotomy diagnosis. 
Patients with acute pancreatitis had an ACCR 
estimation performed daily during their admission. 
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The amylase creatinine clearance ratio was calcu- 
lated by the method of Levitt et al. (1969): 


Amylase clearance CH 
Creatinine clearance “” 
(urine amylase} 
(serum amylase) 
mx 7 meme x 100 
(urine creatinine) 


mee 3 rine vol per unit time 
(serum creatinine) 


x urine vol. per unit time 


_ (urine amylase) _ Serum creatinine) x 100 
(serum amylase) (urine creatinine) — ` 





Since the urine volume and collection time are 
identical in the two clearances they can be cancelled 
out of the equation; thus, the only values required to 
calculate the clearance ratio are the concentrations of 
amylase and creatinine in simultaneously collected 
samples of serum and urine. Amylase was estimated 
using a Phadebas reagent kit, while creatinine was 
measured on a Technicon AAI Autoanalyser. 


Results 

Table I shows the number, mean age and sex distribu- 
tion of the patients in each group. There were no 
Statistically significant differences in these factors 
between the four groups. Table I shows the mean 
serum and urine creatinine values used to calculate the 





Fig. 2, ACCR results. Mean--2s.d. for each group indicated 
by horizontal and vertical bars. * Group 4 compared with 
groups 1, 2 and 3, P-<0-001, 
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Fig. 3. Serum amylase and ACCR results in an elderly 
patient with acute pancreatitis. 


ACCR in the four groups of patients. There were no 
statistically significant differences between the four 
groups in either serum or urine values. 

The serum amylase values used to calculate the 
ACCR in the four groups of patients are plotted in 
Fig. 1. Patients with acute pancreatitis had a mean 
serum amylase of 1750 iu/l which was significantly 
higher than the levels in the other three groups 
(P<0-001). Patients with acute abdominal conditions 
(group 3) had a mean serum amylase of 229 iu/l which 
was significantly higher than the level found in the 
control group (P<0-05), Twenty per cent of the 
patients in group 3 had serum amylase values above 
the upper limit of normal for our laboratory (300 iu/I). 
In group 4 (the acute pancreatitis group) 7 out of the 
17 patients had serum amylase values below 1200 iu/1. 
Three of these 7 cases were diagnosed at laparotomy 
with normal serum amylase values, while in the 
remaining 4 patients the serum amylase had fallen to 
below 1200 iu/l before the ACCR was performed. 
When the urine amylase figures used to calculate the 
ACCR in the four groups were plotted, the results 
were similar to those found with serum amylase, 


although the discriminative value of urine amylase was 
poorer. 

The ACCR results in the four groups of patients are 
plotted in Fig. 2. The mean ACCR in patients with 
acute pancreatitis (6-0) was significantly higher than 
the means found in groups 1, 2 and 3 (P<0-001). 
There was no significant difference between the mean 
ACCR values in groups 1, 2 and 3, each being 1-5. 
The 7 patients (20 per cent) in group 3 with a serum 
amylase level of over 300 iu/l had a mean ACCR of 
1-34. The 95 per cent confidence limits for the distribu- 
tion of ACCR values for the 105 patients in groups 1, 2 
and 3 were calculated. The upper limit of the 95 per cent 
distribution around the mean value was calculated to 
be 2:8. No patient in group 1, 2 or 3 had an ACCR 
value above 3, while only one patient out of 17 (6 per 
cent) with acute pancreatitis had an ACCR value 
below 3. This discrimination was superior to that 
obtained with either serum amylase or urine amylase 
results alone. The discrimination achieved when the 
ratios of serum amylase to urine amylase and serum 
creatinine to urine creatinine were used individually 
was calculated and found to be inferior to that 
achieved with the ACCR. 

Fig. 3 shows the serum amylase and ACCR results 
obtained from an 89-year-old woman admitted with 
acute pancreatitis. It can be seen that the serum 
amylase value fell rapidly (within 48 hours) to below 
the diagnostic level. The ACCR, however, remained 
elevated for significantly longer and did not fall below 
3 until the eighth day. This pattern was observed in all 
our cases of acute pancreatitis, the ACCR usually 
returning to normal between the fifth and tenth days. 


Discussion 

The amylase creatinine clearance ratio is not intended 
to replace the use of the serum amylase level in screen- 
ing patients suspected of having acute pancreatitis. 
However, there is a group of patients in whom the 
serum amylase alone fails to detect pancreatic 
inflammation, and it is in this group specifically that 
the ACCR may increase diagnostic accuracy. In our 
experience the ACCR is a simple test to perform. It 
can be used as a screening test and ideally should be 
employed in conjunction with the serum amylase 
level, which, of course, is required for the ACCR 
calculation. 

The results obtained in this study suggest that the 
ACCR is a reliable index of pancreatic inflammation. 
A diagnostic accuracy of 94 per cent was achieved and 
included 3 cases with normal serum amylase values 
diagnosed only at laparotomy. This compares 
favourably with the serum amylase as a diagnostic 
index, since only 58 per cent of patients had a serum 
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amylase value above 1200 iu/i. Urine amylase results 
were very variable and proved to be of less value than 
the serum amylase as a diagnostic index. The ratios of 
both serum to urine amylase and serum to urine 
creatinine were calculated and found to be inferior to 
the ACCR as diagnostic discriminants. The absence of 
elevation in the ACCR in patients with acute 
abdominal conditions was encouraging. This supports 
the claim of Warshaw and Fuller (1975) that the test ts 
specific for acute pancreatitis. It has been reported 
that the ACCR is also elevated in diabetic ketoacidosis 
and severe burns (Levine et al., 1975), but it is unlikely 
that these conditions would enter the differential 
diagnosis of acute pancreatitis. 

Our finding that the ACCR remains significantly 
elevated for longer than either the serum or urine 
amylase is of interest and may be of value in patients 
presenting at hospital with a history of over 48 hours’ 
duration: the ACCR is likely to be diagnostic of acute 
pancreatitis whereas the serum amylase is unlikely to 
be significantly elevated. It is possible that this degree 
of sensitivity for pancreatic inflammation may give the 
ACCR some prognostic significance; no work has 
been reported on this aspect and its use in this respect 
awaits evaluation. 

In conclusion, therefore, we have found that the 
amylase creatinine clearance ratio is a simple test with 
acceptable diagnostic accuracy in acute pancreatitis. 
It may improve the diagnostic yield in patients with 
minimal elevation of the serum amylase, and because 
the ACCR remains significantly elevated for longer 
than the serum or urine amylase values, it may be of 
use in the diagnosis of patients presenting with symp- 
toms of over 48 hours’ duration. 
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Multiseptate hypoplastic gallbladder 


P. K. JENA, R. A. HARDIE AND M. HOBSLEY* 


SUMMARY 

A case is presented of multiseptate hypoplastic gall- 
bladder, which is an extremely rare combination of two 
congenital anomalies. The patient was diagnosed as 
having cholecystitis and was relieved of her symptoms 
following cholecystectomy, even though the specimen 
did not show evidence of inflammation or calculi. The 
significance of this is emphasized by reviewing the 5 
authenticated cases of multiseptate gallbladder reported 
in the literature. Awareness of this condition should 
avoid misinterpretation of cholecystograms. 


A MULTISEPTATE gallbladder has its chamber honey- 
combed by many irregularly arranged septa lined by 
normal epithelium with an underlying muscular layer. 
The gallbladder is usually of normal size and position. 
The embryogenesis of this congenital anomaly is 
speculative (Beilby, 1967). The association of multi- 
septation and hypoplasia is probably coincidental. 
This is only the second reported case of this combined 
anomaly. 


Case report 

K. E. S., a 28-year-old married woman, had complained for 5 
months of repeated episodes of right-sided upper abdominal 
colicky pain radiating to the back and to the tip of the right 
shoulder. On one occasion the pain had lasted for 5 days and 
was relieved when the patient went on a fat-free diet. There 
was no nausea, vomiting, jaundice or pale stools. 

Physical examination in September 1975 revealed a young 
woman in good general health. There was mild localized 
tenderness over the gallbladder area but no palpable mass. 
Routine laboratory investigations including liver function tests 
were within normal limits. A preliminary film of the gall- 
bladder area was normal. An oral cholecystogram (April 1975) 
had shown a round opacity, 1-2 cm in diameter, in the gall- 
bladder area; the opacity was denser on the second-day films 
(Fig. 1). The common bile duct was faintly visualized and was 
of normal calibre and appearance. The radiological report 
suggested that the opacity was a calculus that had become mani- 
fest by absorbing some contrast from the common bile duct. A 
diagnosis of calculous cholecystitis was made and cholecystec- 
tomy advised. 

At operation the gallbladder was very small with a thread- 
like cystic duct. The gallbladder felt spongy but no calculus 
was palpable. The liver, the rest of the extrahepatic biliary 
channels and the accessible abdominal organs appeared normal. 
Peroperative cholangiography was not attempted in view of 
the minute size of the cystic duct. Cholecystectomy was 
performed. 

The operative specimen revealed a pear-shaped gallbladder 
measuring 1-5 cm long and 0-75 cm in its greatest diameter, 
with a gently bosselated exterior (Fig. 1). The cystic duct 
measured 0-2cm in diameter. A longitudinal section after 
formol-saline fixation revealed a multilocular organ with inter- 
communicating chambers of various sizes (Fig. 2). The largest 
loculus, 0-5 cm in diameter, was situated in the fundus. The 
gallbladder contained deep green bile and the lining mucosa 
was bile-stained. Microscopically, the septa were lined by 
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Fig. 1. Oral cholecystogram (second day film) showing the 
round opacity in the gallbladder area. The gallbladder specimen 
removed at operation has been superimposed on the X-ray 
film for comparison and shows the gently bosselated surface. 


typical columnar epithelium with underlying bundles of smooth 
muscle. Both the epithelium and the muscle were continuous 
with the respective layers of the gallbladder wall (Fig. 3). There 
was no evidence of inflammation or calculi. 


Discussion 

A tiny functioning gallbladder is a surgical curiosity. 
Hypoplastic functioning gallbladders are reported to 
be fairly common in sufferers of mucoviscidosis. 
Feigelson et al. (1970) suggested the term ‘micro- 
gallbladder’ and reported an incidence of 9 out of 30 
cases of mucoviscidosis investigated radiologically. A 
similar incidence has been reported by other workers 
(Rovsing and Sloth, 1973). Micro-gallbladders have 
been found in patients with mucoviscidosis under 6 
months of age; hence, a congenital origin has been 
postulated. 





* Department of Surgical Studies, The Middlesex Hospital 


and Medical School, London. 





Fig. 2. Longitudinal section through the gallbladder specimen 
showing the multilocular character of the interior. The largest 
loculus can be seen in the fundus. 


Septation of the gallbladder is not uncommon. One 
to three septa have been reported fairly frequently 
(Haslam et al., 1966). However, cases of true multi- 
septation are extremely rare and only 5 other authenti- 
cated cases are available in the literature (Croce, 1973). 
Of these, the gallbladder was of normal size in 4 cases. 
Only in the case reported by Bhagavan et al. (1970) 
were hypoplasia and multiseptation associated. The 
6 patients (including the present case) had a mean age 
of 30:8 years with a range of 15-45 years, and these 
were 5 females and | male. All 6 cases presented with 
symptoms of right upper abdominal pain and were 
relieved by cholecystectomy. Evidence of inflamma- 
tion and/or calculus were inconstant findings. No 
Operative or microscopic evidence of inflammation 
was found in 4 out of the 6 cases and stones were found 
in only one patient; he was the oldest (45 years) in the 
group (Croce, 1973). Thus a multiseptate gallbladder 
may Cause pain in the absence of any other associated 
pathology. It is probable that the small size of the 
communications between the numerous compart- 
ments interferes with adequate emptying of the gall- 
bladder. The presence of smooth muscle in the septa 
may not only add to the strength of the painful 
contractions but also impede emptying. 
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Fig. 3. Complete longitudinal section through the rudimentary 
gallbladder showing multiloculation with numerous transverse 
septa. HE. (= 6). 


Had we been familiar with the condition of small 
functioning gallbladders the preoperative cholecysto- 
gram should have suggested the diagnosis. Even with 
hindsight, we could not, from the available films, have 
made the diagnosis of septation. However, a small 
functioning gallbladder is not necessarily associated 
with symptoms of cholecystitis, whereas a multi- 
septate gallbladder is usually associated with such 
symptoms. The combination of the small gallbladder 
and pain in the right upper quadrant might have made 
us Suspect the true diagnosis. 
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The medium term results after profundaplasty 
PETER MARTIN AND JOHN BOUHOUTSOS#* 


SUMMARY 

The medium term results of 112 profundaplasties for 
lower limb ischaemia are reviewed for periods of up to 
9 years after operation. Death from cardiovascular 
causes was found to be more common than subsequent 
amputation. Though immediate relief from symptoms 
was not so dramatic as after a femoropopliteal graft, the 
longer term results showed a much lower late amputation 
rate, The enly reasonable operation for failure of a 
previous femoropopliteal graft appears to be a pro- 
fundaplasty. 


BETWEEN 1966 and 1971, 612 reconstructions of the 
profunda femoris artery were done at the Hammer- 
smith and Chelmsford Hospitals. In the earlier cases 
in the series the indications for operation were 
threatened or established digital gangrene, but with 
further experience, coupled with dissatisfaction with 
the long term results of femoropopliteal grafting, the 
indications were widened to include cases with 
significant lower limb ischaemia if a stenosis of the 
profunda was demonstrated on angiography. The 
Operation carried out (profundaplasty) was first 
described in 1972 (Martin et al., 1972). Ninety-five 
consecutive patients treated by this operation were 
reviewed in 1975 after an average follow-up period of 
69 months and form the basis of this report. We were 
able to examine 59 of the 95 patients reviewed. Those 
not available for interview were sent a questionnaire, 
and if no reply was received their general practitioner 
was asked for the relevant information. 

Of the 95 patients reviewed, 17 had the operation 
bilaterally, giving a total of 112 profundaplasties. The 
male to female ratio was 8 : 1, and the average age was 
63 years (40-87 years). Fifty-five limbs were operated 
on for impending gangrene and 57 for severe claudi- 
cation. Seventy-three patients had profundaplasty 
alone, 24 also had an iliac endarterectomy, 4 aorto- 
iliac reconstruction, 5 femorofemoral cross-over graft, 
3 lumbar sympathectomy, | axillofemoral graft and 
2 a common femoral-profunda graft. A previous 
femoropopliteal graft had been performed in 14 limbs. 


Clinical results 
Precise evaluation of the results is difficult, particularly 
as regards walking ability. Many elderly patients are 
unable to walk far because of associated cardio- 
pulmonary and other conditions, Four groups were 
recognized in this assessment: 

i. Failure: When amputation 
before discharge from hospital. 


was demanded 


2. Limited success: Those who, though relieved at 
first, suffered amputation within 4 years. 

3. Satisfactory: When there was a marked improve- 
ment in walking distance. 

4. Good: Those in whom there was no limitation of 
walking relative to the patient’s demands. 

Twelve patients (14 operations) were lost to follow- 
up between 6 months and 3 years after operation, but 
when last seen the results were satisfactory in 9 and 
good in 5. 


Mortality 
There was no mortality directly attributable to the 
operation. Five patients died within 1 month of 
operation: 2 from myocardial infarction, 1 from 
cerebrovascular accident, 1 from cardiac arrest and 
1 from gastroduodenal haemorrhage. 

Nineteen patients died between 7 months and 
6 years after operation (mean 2 years and 8 months) 
at an average age of 69 years: 16 from cardiovascular 
disease, | from cancer and 2 from unknown causes. Of 
these, 2 had suffered amputation before death, but 
17 limbs had a satisfactory and 5 a good result when 
last seen. 


Amputation 
In the whole group there were 16 known amputations 
in 12 patients. Five were necessary before discharge 
from hospital because of failure to restore an adequate 
circulation. 

Amputation was closely related to the presenting 
symptoms (Table 1), and also to the extent of disease 
of the below-knee arteries as shown on angiography 
(Table IT). However, of 55 limbs with critical ischaemia 
before operation, 45 were satisfactory at review up to 
9 years after operation. Table HI shows the overall 
results. Of the 12 patients undergoing amputation, 
4 had diabetes and 2 polycythaemia and in these 
amputation was early. 

Ten of the 59 patients who attended for examination 
in 1975 had undergone 12 amputations. Of the 
remaining 49 patients, 48 were satisfied with the result 
of the operation. Twenty-three could walk for 
200 metres without pain, and 26 a greater distance, 
23 of whom had no claudication though 6 suffered 
from cardiopulmonary disease which limited their 
walking. 


* Departments of Surgery, Hammersmith and Chelmsford 
Hospitals, London. 
Present address of J. Bouhoutsos: The Army Hospital, Athens. 





Fig. 1. Angiogram showing on the right side the circulation 
to the lower limb maintained through the internal iliac 
artery and a profuse anastomosis to the profunda femoris 
artery. This patient could walk slowly for about 200 metres. 


In those with a good result the pulsating profunda 
artery could in most cases be felt half-way down the 
thigh, and foot pulses could be felt in 8. Three 
patients in this group required an iliac endarterectomy 
2-5 years after profundaplasty and in all cases the 
previous operation site remained satisfactory and 
needed no interference. Five patients had no palpable 
femoral pulse, though the results were satisfactory in 
4 and good in one patient who went dancing 4 nights a 
week! Fig. | shows the angiographic appearance of a 
patient with an anastomosis from the internal iliac 
artery to the profunda, of which, though the orifice was 
obstructed, the branches had probably been enlarged 
by the previous profundaplasty. In this respect one of 
us (J. B.) has successfully used the internal iliac artery 
for revascularization of an ischaemic limb. 
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Table I1: AMPUTATIONS RELATED TO PRESENTING 
SYMPTOMS 


Results after profundaplasty 


No. of No. of 
Symptom legs amputations 
Intermittent claudication at 200 m 8 0 
Intermittent claudication at 100 m 10 0 
Intermittent claudication at 20-50 m 34 5 
(0-2 yr 
postop.) 
Rest pain 37 6 
(0-5 yr 
postop.) 
Gangrene of toes 18 5 
(0-6 yr 
postop.) 
Total  107* 16 





* Five legs not included (patients died within 1 month of 
operation). 


Table Il: RESULTS OF PROFUNDAPLASTY IN 
RELATION TO STATE OF BELOW-KNEE ARTERIES 


State of Result 
three main No. of Limited 
vessels legs Failure success Satisfactory Good 
Three 44 — 2 24 18 
healthy (6 mth- 
3 yr) 
Three 35 3 4 25 3 
stenosed (4 mth- 
5 yr) 
One 2 -- ~~ l l 
occluded 
Two 16 2 14 — 
occluded 
Three 7 — 5 2 — 
occluded (1-5 yr) 
Unknown 3 -- -— 2 l 
Total 107* 5 11 68 23 


* Five legs not included (patients died within | month of 
operation). 


Table Il: OVERALL RESULTS OF 112 
PROFUNDAPLASTIES 
Interval between operation and 
review (yr) 


5 5-7 7-9 Total 
No. of cases 78 28 6 112 
No. lost to follow-up 12 l 0 13 
No. reviewed 57 28 6 91* 
Attended for examination 28 25 6 59 
No. of deaths 27 2 0 29 
No. of amputations 16 0 0 16 
Result satisfactory 44 20 2 68 
Result good 13 8 4 25 


* Limbs lost by amputation or death before discharge 
excluded. 


A point of interest in the review was the presence of 
an associated abdominal aortic aneurysm in 4 patients. 
These had been found at follow-up and were checked 
regularly by tomography (anteroposterior and lateral) 
but no enlargement had been detected. None has been 
treated by operation. 
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Discussion 


The profunda femoris artery, being an artery of 
supply, is usually relatively free from atherosclerosis. 
Orificial or proximal stenosis has been found in 59 per 
cent of patients with lower limb ischaemic symptoms 
{Beales et al., 1970). This observation was based on the 
presence of a 50 per cent stenosis; lesser degrees of 
stenosis are commoner and clinically important. 

All vascular surgeons have observed patients with no 
symptoms but with an obliterated superficial femoral 
artery, the circulation being maintained by an 
enlarged profunda. It is therefore a valuable substitute 
for the superficial femoral artery, and has not been 
found to degenerate after being fed with blood under 
high pressure after restoration of its lumen, a possi- 
bility which was suggested by Waibel (1973). 

The results presented here show that though early 
relief of symptoms may not be as impressive as after 
femoropopliteal reconstruction, amputation is avoided 
for 5-9 years in a larger proportion of patients. It is 
instructive to note that in this series there were 12 
patients below the age of 50 years, in whom only one 
amputation (in a patient with polycythaemia) became 
necessary. In this age group the amputation rate after 
femoropopliteal reconstruction has been reported as 
34-6 per cent within 5 years (Bouhoutsos and Martin, 
1973). In the present series death from cardiovascular 
causes (24 patients) was commoner than amputation 
(12 patients). 


In spite of extensive disease of the below-knee 
arteries and a narrowed or obstructed popliteal artery, 
a profundaplasty, under a local anaesthetic if necessary, 
appears to be well worth while, with good results as 
regards limb salvage, even if claudication is not greatly 
relieved in some patients. 

When a femoropopliteal reconstruction is necessary 
for limb salvage, we believe a profundaplasty, if 
indicated by angiography, should be done at the same 
time to improve the long term prognosis. A pro- 
fundaplasty remaining patent after a femoropopliteal 
graft has thrombosed will often maintain the relief of 
symptoms, 
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Treatment of critical ischaemia of the lower limb 
by venous arterialization: an interim report 


A. G. R. SHEIL* 


SUMMARY 

A method to revascularize the critically ischaemic 
lower limb by arterialization of the dorsal venous arch 
of the foot via the long saphenous vein is described. 
Satisfactory procedures were achieved in 5 of 6 patients 
for whom standard arterial reconstructions were not 
possible and who would otherwise have required 
amputation. Of these, 2 failed in the early postoperative 
period and amputation was performed. Two others 
failed after 1 year and 18 months respectively but 
amputation was not required, One patient died 8 months 
after operation with a functioning arterialized vein and 
pain-free limb. In the 5 patients with successfully 
revascularized limbs rest pain was relieved, and incisions, 
ischaemic ulcers and gangrene healed, showing that 
effective nutrition of the lower limb was achieved by 
delivering arterial blood through the venous system. 
Complications were miner and easily controlled. 
Although as a result of the precedure amputation was 
avoided in 3 out of 6 patients, the place of the method in 
the treatment of critical ischaemia of the lower limb 
remains dubious. Further investigation and modification 
of the method are planned. 


ALTHOUGH vascular reconstructive operations prevent 
the need for amputation in large numbers of patients 
with critical ischaemia of the lower limb, amputation 
remains distressingly frequent because distal arteries 
are often unsuitable for reconstruction. In difficult 
cases arteriovenous fistulas have been used in an 
attempt to maintain patency of bypass conduits or 
endarterectomy segments (Root and Cruz, 1965; 
Blaisdell et al., 1966), and attempts have also been 
made to arterialize the capillary network of the foot 
by means of arterio-bone fistulas (Vetto and Belzer, 
1965). However, no satisfactory method to relieve 
critical ischaemia where distal arteries are unsuitable 
for reconstruction has been found. 

A technique is described here which obviates the 
need for distal arterial anastomosis. Arterial blood is 
led directly to the dorsal venous arch of the foot via 
the long saphenous vein, with arterialization of the 
venous system within the foot. During the past 6 years 
the procedure has been evaluated in 6 patients with 
rest pain and gangrene due to atherosclerotic peripheral 
vascular occlusion in circumstances in which ampu- 
tation was otherwise inevitable. 


Patients and methods 
All the patients had severe claudication and rest pain. 
Five of the 6 had frank gangrene. In addition, 2 
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patients had ischaemic ulcers of the lower leg. The 
patients were aged between 46 and 82 years, with an 
average of 67 years (Table J). In all the patients there 
was atherosclerotic obstruction to the superficial 
femoral, popliteal and tibial vessels, and standard 
reconstructive procedures were judged not possible. 

In 5 patients the saphenous vein in situ was used to 
arterialize the veins of the foot. Incisions were made 
over the vein including one small incision on the 
dorsum of the foot over the origin of the vein at the 
termination of the dorsal venous arch. All tributaries 
of the saphenous vein were ligated and divided to the 
level of the medial malleolus; all valves, including 
those in the foot guarding the dorsal venous arch, 
were broken down by retrograde passage of irrigating 
cannulas. The saphenous vein was anastomosed to the 
common femoral or proximal superficial femoral 
artery. In the sixth patient (J. H.) the procedure was 
the same except that the valve guarding the dorsal 
venous arch of the foot was not broken down. Opera- 
tive angiography was undertaken in 4 patients. Blood 
flow in the arterialized veins was measured by means 
of an electromagnetic flowmeter. 


Results 
The results are shown in Table J. Of the 6 patients, 
amputation was avoided in 3. 

Angiography performed during operation in 4 
patients showed that blood from the arterialized long 
saphenous vein entered the dorsal venous arch and 
passed rapidly through large communicating vessels 
between the metacarpal bases to enter the deep 
sinusoids and ascend in the deep venous system. In 
none of the patients was dye detected in the distal 
arterial circulation or in the toes. Blood flow in the 
arterialized veins varied from 40 to 200 ml/min. 

Satisfactory revascularization of the foot occurred 
in all the patients except one in whom the valve 
guarding the dorsal venous arch was not disrupted. In 
this patient the leg was warm but the distal half of the 
foot remained cold and rest pain continued. The 
arterialized vein remained patent but amputation was 
required | month after operation. In the other 5 
patients the feet and legs became warm though the 
toes remained cool. Rest pain was relieved. 

With the exception of one patient described below, 
all the wounds healed primarily. In every case a loud 
machinery murmur was audible over the veins of the 
foot from the time of operation. In 2 patients mild 


* Department of Surgery, University of Sydney. 





198 A. G. R. Sheil 


$ 





Table 1: DETAILS OF PATIENTS AND RESULTS OF VENOUS ARTERIALIZATION 


Date of 
thrombosis of Duration 
Date of arterialized of 

Patient Age operation vein function 
P.M. 60 13.6.69 2.6.70 l yr 
A. R. 74 17.7.69 19.8.69 i mth 
E. G. 72 14.8.69 28.8.69 2 wk 
G. T. 46 13.2.70 14.8.71 18 mih 
J. H. 82 6.9.72 —_ l mth 
M. R. 60 1.5.74 me 8 mth 


Cause of thrombosis of 


arterialized vein Result 
Long car journey Pain-free limb, patient alive 
Pressure of surgical truss on Amputation 
arterialized vein 
Wound infection Amputation 
Uncertain Pain-free limb until death 
on 8.9.73 


Valve guarding dorsal venous Amputation 
arch not broken down 
_ Limb pain-free until death 
on 31.1.75, Gangrene of 
heel separating 
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oedema of the revascularized foot occurred, but this 
soon disappeared spontaneously. In the early post- 
operative weeks all the patients showed marked 
colour changes in the revascularized feet, the feet 
being purple when dependent and pale when elevated. 
This phenomenon gradually changed to a more 
normal pattern with time. 

There were 2 early failures following successful 
arterialization. One patient with moist infective 
gangrene of the toes before operation developed frank 
infection in the surgical wounds. Thrombosis of the 
arterialized vein occurred and above-knee amputation 
was required | month after operation. Histology of the 
arterialized vein examined after amputation revealed 
severe phlebitis. The second patient, after discharge 
from hospital and without reference to his clinicians, 
recommenced wearing a surgical truss for hernia 
control] on the side of the previously ischaemic limb; 
the truss accurately occluded the take-off of the 
arterialized saphenous vein, resulting in thrombosis. 
Rest pain occurred and below-knee amputation was 
required | month after operation. 

Of the 3 patients with satisfactory results, gangrene 
of the great toe (1 patient) and of the heel (2 patients) 
healed, though one remained with a slowly separating 
eschar. In both patients with ischaemic ulcers the 
lesions healed. In one patient (G. T.) amputation of 
the terminal gangrenous great toe was performed, 
with primary healing of the amputation stump. The 
2 patients in whom the saphenous vein remained 
functional for the longest periods were not troubled by 
claudication which had been present previously, 
though this recurred later when the arterialized veins 
thrombosed. The most recent patient was difficult to 
assess in this regard as walking was limited by the 
presence of healing gangrene. No patient developed 
cardiac symptoms or signs which could be related to 
the arterialized venous system. In none of the patients 
did temporary occlusion of the arterialized vein by 
direct pressure cause alteration of the cardiac rate. 
Although 2 patients suffered myocardial infarction 
some time after operation both had had previous 
episodes of cardiac angina. 

One patient (M. R.) developed superficial venous 
hypertension in veins coursing up the anterior aspect 


of the skin from the foot. Diapedesis of red blood 
cells occurred, and later, venous ulceration. The ulcer 
healed rapidly following subcutaneous ligature of the 
arterialized superficial veins. 

There were 2 late thromboses in the arterialized 
veins, Thrombosis in one patient occurred 1 year after 
operation following a journey by car of 300 miles. 
However, the limb was pain-free at review 6 years after 
operation. Thrombosis in the arterialized vein of the 
second patient occurred for unknown reasons 15 
months after operation, but this patient also had a 
pain-free limb until his death from cancer 3 years and 
7 months after operation. 


Discussion 

The need for amputation was avoided in 3 out of 6 
patients. In these patients effective nutrition of the 
lower limbs was achieved by delivering arterial blood 
through the venous system—rest pain was relieved; 
incisions and gangrene healed; ulcers of the lower leg 
healed in 2 patients; claudication was relieved in 2. In 
none of the patients successfully treated did serious 
complications ensue. Even in the 3 patients who 
required amputation, failure occurred for reasons 
which appeared largely preventable, as discussed 
below. 

Although postoperative angiography revealed rapid 
passage of blood from the dorsal venous arch to the 
deep venous system, effective tissue nutrition occurred. 
Presumably, when the arterial circulation failed to the 
point of rest pain and gangrene, blood pressure at the 
arteriolar side of the capillary bed was close to zero. 
Following arterialization of the long saphenous vein, 
and despite shunting of blood to the deep venous 
system, blood must enter the capillary bed in a 
retrograde fashion. Surprisingly, the haemodynamics 
were such that effective capillary perfusion occurred 
without the presence of incapacitating oedema. Mild 
oedema occurred in 2 patients but did not persist. 

It seems important to ensure that all blood reaching 
the foot is directed into the deep system and cannot 
ascend in superficial tributaries. In one patient in 
whom superficial communications over the front of 
the leg remained, venous hypertension occurred with 
venous ulceration. Following interruption to the 


superficial veins the ulcers cleared rapidly. Otherwise 
there have been no complications caused by venous 
hypertension and the presence of an arteriovenous 
fistula. 

In the 3 failures which occurred within | month of 
operation there were clear predisposing factors. One 
occurred when the valve guarding the dorsal venous 
arch of the foot was not broken down. Although it 
was thought likely that this was an important part of 
the procedure it is a delicate manceuvre requiring 
incision on the dorsum of the foot—in this patient it 
was deliberately not done to evaluate the need for it. 
Good blood flow through the vein occurred but 
satisfactory nutrition of the distal foot and toes did 
not result. A second failure was caused by wound 
infections when operation was undertaken in the 
presence of infective gangrene. The third failed 
because of mischance following the use of a surgical 
truss. 

In 2 of the 3 patients successfully treated, late 
thrombosis of the graft occurred, but the limbs 
remained viable and pain-free though claudication 
recurred. This suggests that the arterialized veins 
sustained the limbs after critical arterial occlusion for 
a sufficient time to allow development of adequate 
collateral arterial circulation. It is possible that 
arterialized veins may be prone to late thrombosis as 
prolonged pressure on any aspect of the entire length 
of the saphenous vein may cause thrombosis. Such 
pressure might occur while legs are crossed, while 
asleep, with prolonged sitting or because of footwear. 

Although flow rates in the arterialized veins 
recorded at operation were low (40-200 ml/min), it 
seems likely that flow increases in the early days 
following operation. One concern regarding the 
procedure was the possibility of development of a 
large arteriovenous shunt into the low pressure 
venous system, though this was thought unlikely 
because of the need for arterial blood to traverse the 
entire length of the small diameter long saphenous 
vein before entering the veins of the foot. Although 
measurements of cardiac output with and without the 
vein patent have not been made, the patients with the 
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vein functioning for the longest periods showed no 
evidence of cardiac decompensation, and temporary 
occlusion of the arterialized vein did not result in 
alteration of the heart rate. 

When the saphenous vein in situ is used, the pro- 
cedure is tedious, though the operating time may be 
kept within 2-3 hours if two surgeons operate simul- 
taneously, one in the groin and thigh and the other in 
the leg and foot. The operation is not difficult, though 
breaking down the valve guarding the dorsal venous 
arch of the foot must be done with care, and it seems 
necessary to expose the origin of the saphenous vein 
in the foot so that this may be accomplished without 
danger of venous disruption. It is possible that reversed 
saphenous vein allografts or other biological or 
synthetic conduits could be used instead of the auto- 
genous saphenous vein. If so, the practicality of the 
procedure would be increased. 

The procedure has been evaluated over a number of 
years in order to discover if late or unexpected 
complications occur. This question has not yet been 
answered because the longest duration of function of 
an arterialized vein has been 18 months. To date the 
only notable complication has been superficial venous 
hypertension in one patient, and this was easily dealt 
with. Although the place of the operation in the 
treatment of critical peripheral ischaemia remains 
doubtful, successful salvage of limbs and the absence 
of serious complications encourage further investi- 
gation and modification of the method. 
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Prosthetic replacement of a long segment of vein 
in the treatment of a lower limb injury 


S. S. TACHAKRA AND J. E. M. SMITH* 


SUMMARY 
A patient who sustained exceptionally severe damage to 


the main blood vessels and to the collateral circulation of 


his left lower limb is reported. The femoropopliteal vein 
was replaced by a Dacron prosthesis which remained 
patent for 6 weeks until an adequate collateral circu- 
lation was established. 


RECENTLY there has been an increasing awareness of 
the importance of venous trauma, although until a 
few years ago the treatment recommended was 
ligation of the vein (Levitsky et al., 1968: Rich and 
Hughes, 1969). 

About 55 per cent of patients with arterial trauma 
have an associated venous injury. Injury of the 
accompanying vein is present in 58-80 per cent of 
cases of popliteal artery trauma, and some surgeons 
now repair veins because venous occlusion must reduce 
arterial blood flow and impair long term patency of the 
repaired artery. The procedures used are lateral suture, 
end-to-end suture and replacement of segments of 
veins with autogenous vein grafts. Replacement of 
segments of vein with prosthetic materials has hitherto 
been felt to be of little benefit as these materials 
encourage infection and rapidly become thrombosed 
(Silver and Anlyan, 1961; Rich and Hughes, 1972; 
Rich, 1973). The purpose of the present report is to 
show that when injury to a limb is so severe that in 
addition to severance of the main artery, nearly all 
collateral venous channels are destroyed, a long 
prosthetic vein replacement can function for a sub- 
stantial length of time; it remains patent presumably 
because of the high rate of flow through it. 


Case report 
A 38-year-old man fell into a sand-rolling machine and was 
spun inside it. He was brought to the Birmingham Accident 
Hospital 20 minutes after the accident. When first seen he was 
severely exsanguinated; his pulse was felt with difficulty and 
was in excess of 160/min and his blood pressure was unrecord- 
able. The patient was resuscitated and found to have the 
following injuries. There was a large, almost circumferential, 
spiral laceration of the lower third of the left thigh and upper 
part of the leg with a bridge of skin approximately 7-5 cm in 
width on the outer side of the limb. An extensive muscle defect 
could be seen and felt in the lower half of the thigh. No pulses 
were felt in the foot which was cold and blue. Active bleeding 
had ceased. Radiographs showed a fracture of the neck of the 
fibula. In addition, he had a laceration of the right occipital 
region with a fracture of the right temporal bone, a fracture 
of the left clavicle and an anterior dislocation of the left 
shoulder. 

At operation it was found that the muscles had been divided 
through the entire circumference of the lower third of the thigh, 
the only intact structures being the femur, the sciatic nerve and 


a bridge of skin, approximately 7-5 cm in width, on the outer 
side of the thigh. Much of the damaged muscle was ischaemic. 
The femoral artery and vein (including both the common and 
superficial femoral) and profunda artery and vein were torn 
and unrecognizable. The proximal stumps of the femoral 
artery and vein were located high in the groin. The upper parts 
of the popliteal vessels were also crushed and lacerated. 

Although we were well aware of the desirability of using 
autogenous vein grafts, it was clear that such lengths of veins 
were unobtainable, The opposite saphenous vein was being 
used as an additional route for transfusion of large amounts of 
blood and the cephalic and jugular veins were not long enough. 
Therefore an 8-mm wide Teflon graft was attached to the 
proximal stump of the femoral artery. As it was clear that there 
were insufficient intact collateral veins to maintain an adequate 
circulatory return, prosthetic replacement of the femoral vein 
was also done. An 8-mm wide Dacron prosthesis was attached 
to the proximal stump of the femoral vein, leaving the loops of 
the continuous suture somewhat looser than those used in the 
arterial suture line to prevent constriction. The patient was 
then turned on to his right side and the ends of the prostheses 
were attached to the distal stumps of the popliteal artery and 
vein in the popliteal fossa. Special care was taken to ensure 
that the venous prosthesis was inserted without any tension. 
The length of each of the prostheses was 27 cm. Good skin and 
muscle cover was obtained for both implants initially. 

Postoperatively wound infection developed, the wound 
broke down behind the knee, the vein prosthesis became exposed 
and, during subsequent dressings, it was observed to be 
functioning for 30 days after its insertion. It was felt to be 
patent for the following reasons: 

1. The popliteal vein distended when the prosthesis was 
pinched, 

2. Pinching the femoral vein at the upper end resulted in 
partial obliteration of the convolutions of the prosthesis. 

3. The prosthetic wall sprung back to its normal shape when 
it was released after pinching. When the prosthesis thrombosed, 
the wall could be indented easily, presumably because the 
thrombus broke at that particular site. 

4. When removed, the whole length of the venous prosthesis 
was found to be well endothelialized. 

After 33 days it became obvious that the venous prosthesis 
was acting as an infected foreign body, preventing healing, for a 
portion of it was exposed in a gap in the muscles, 1-3 cm in 
diameter. The arterial prosthesis was well covered by granula- 
tion tissue. The venous prosthesis remained patent for at least 
33 days before it finally thrombosed; it was then removed, the 
infection subsided and the extensive skin defects in the various 
parts of the limb were covered with split skin grafts. The 
patient had a lateral popliteal paralysis, which was probably 
associated with the fracture of the neck of the fibula, and which 
has now recovered. 

About 11 months after the injury the patient, who was then 
ambulant, had sudden pain in the thigh. There was a warm and 
tender swelling which when drained was found to be a large 
haematoma. After initial difficulty in finding the source of the 
bleeding, it was noticed that the arterial prosthesis had 
fractured where it was being kinked during knee flexion. The 
prosthesis was pulsating as well as on the first day after insertion 
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but it was decided to accept the risk of gangrene and remove the 
prasthesis. There was an adequate collateral circulation and the 
limb survived. When last seen 18 months after injury the 
patient had no intermittent claudication. He walks moderate 
distances without support although he still limps. Active 
knee movements are 0—50°. The limb shows some gravitational 
oedema and is wasted in the lower part of the thigh where 
the muscles were extensively damaged (Fig. 1). 


Discussion 

Much experimental work has been done to evaluate 
grafts of the vena cava, pulmonary artery and the 
portal system (East and Muller, 1960; Dale and Scott, 
1963; Moore and Mandelbaum, 1963; Haimovici 
et al., 1970), but there have been few studies of the 
replacement of peripheral veins, particularly those of 
the lower limbs (Silver and Anlyan, 1961). One report 
of replacement of the femoral artery and vein with 
nylon prostheses following excision of a tumour 
showed both implants to be patent after a year 
(Lawrence, 1957). 

Infection and thrombosis are the most common 
complications of the use of prostheses for repair of 
vascular injuries in contaminated wounds (Rich and 
Hughes, 1972). An additional problem in the utiliza- 
tion of prostheses across joints arises from damage 
due to kinking and possible thrombosis in the implant. 
This was demonstrated radiographically when a 
Dacron prosthesis used to repair a popliteal artery 
was shown to become kinked when the knee was 
flexed (Hershey and Spencer, 1963). 

The majority of plastic implants bridging vascular 
defects remain patent if there is a high flow rate 
through them (Bryant et al., 1958; Dale and Scott, 
1963; Haimovici et al., 1970). 

Acute venous insufficiency has been documented in 
4 patients following venous trauma of the lower limb. 
Two cases required an amputation after ligation of a 
major vein in the lower limb (Rich et al., 1975). 

There have been several reports of venous bypass 
grafts using the long saphenous vein and synthetic 
material (Allansmith and Richards, 1958; Palma and 
Esperon, 1960; Izquierdo, 1963). In one case a 
femorofemoral venous Teflon graft was found to be 
patent after 11 days (Hamer and Smith, 1974). 

The patient reported here had a severe combination 
of extensive damage to the skin and muscles with 
large defects of the femoral, profunda femoris and 
popliteal vessels. Venous return was grossly impeded, 
the only bridge of continuity being a narrow skin flap, 
which was already contused, and the intramedullary 
channels of the femur via some muscle attachments at 
its lower end. While it is well recognized that auto- 
genous vein grafts fare better than prosthetic implants, 
an autogenous graft was not possible in this patient: 
the long saphenous was already damaged on the left 
side, the opposite saphenous vein was being used for 
rapid blood transfusion and the cephalic and jugular 
veins would have been too short to bridge the defects. 
A 27-cm long Dacron vein prosthesis was therefore 
used, and it remained patent for 5 weeks because there 
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Fig. 1. Appearance of the limb 18 months after injury. 


was a high flow rate through it. As new collateral 
channels formed, the flow through the prosthesis 
presumably diminished in rate until it reached a point 
where the venous prostheses became thrombosed. The 
predictable complications of infection and thrombosis 
did occur, but insertion of the venous prosthesis 
ensured an adequate circulatory return until a good 
collateral circulation was established. 

There has not been an associated increase of 
thrombophlebitis and pulmonary embolism following 
the use of autogenous vein grafts in the venous system 
(Gaspar and Treiman, 1960). This may also apply for 
prosthetic materials currently in use. 

From the experience gained in the care of this 
patient we feel that a more aggressive approach should 
be adopted in lower limb venous trauma, as first 
suggested by Rich et al. (1974). In a limited number of 
cases prosthetic replacement of vessels may be the 
only operative procedure available to save a limb. 
Further experience may show that the end result in 
such cases can be suprisingly good. 
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Agenesis of the vermiform appendix ina á 


thalidomide child 


J. E. G. SHAND AND D. N. BREMNER* 


SUMMARY 

A case of congenital absence of the appendix occurring 
in a child with severe thalidomide deformities is de- 
scribed. The literature on agenesis of the appendix is 
reviewed. The frequency and significance of internal 
abnormalities in thalidomide children are discussed., 


AGENESIS of the vermiform appendix is a rare finding 
at operation or autopsy. Collins (1951) reviewed 60 
reported cases of which 24 were discovered at opera- 
tion, 15 at autopsy and 11 during anatomical dissec- 
tion, the others being unspecified. He estimated the 
incidence of agenesis of the appendix to be 1 in 
104 066 laparotomies for suspected appendicitis and 
2 in 15025 autopsies. Since 1951 a further 15 cases 
have been reported (Pester, 1965; Elias and Hults, 
1967; Host et al., 1972; Tilson and Touloukian, 1972), 
but it is probable that other cases have not been 
reported or have been overlooked in the foreign 
medical literature. 

Collins (1951) classified the cases he reviewed into 
five types: 

I. Caecum and appendix absent. 
H. Rudimentary caecum, appendix absent. 

HI. Normal caecum, appendix absent (78 per cent 

of cases). 

TV. Normal caecum, rudimentary appendix. 

V. Enlarged, deformed caecum distal to ileocaecal 
valve, absent appendix. 

Collins accepted all cases of types I, Il, IH and V 
as true examples of agenesis of the appendix, and 
this group is equivalent to primary congenital absence 
of the appendix, thought to result from a failure of 
differentiation of the primitive caecal diverticulum 
(Cavé, 1936). Secondary congenital absence of the 
appendix, on the other hand, results from intra- 
uterine atrophy of an originally developed appendix 
(type IV). 

To make a diagnosis of agenesis of the appendix 
it is essential that there be a meticulous search of the 
whole ileocaecal region with mobilization of the 
caecum, inspection of the retrocaecal area and careful 
examination of the right colon and of the confiuence 
of the taeniae for a rudimentary appendix. 

Recently, we encountered agenesis of the appendix 
in a thalidomide patient, and since this has not been 
described before in a clinical situation it is reported 
here, — 


Case report 
A 14-year-old female with severe congenital anomalies was 
admitted with a 2-day history of abdominal pain. 


Her known abnormalities consisted of complete absence of 
the arms with a rudimentary finger at the right shoulder, 
bilateral dislocated hips, congenital shortening of the femora, 
severe bilateral talipes equinovarus and a pigeon chest. These 
abnormalities were due to her mother having taken thalidomide 
during the first trimester of pregnancy. During the patient’s 
childhood she had been rehabilitated to the extent that she 
could feed, write, stand and walk by herself and had developed 
useful function with fitted powered upper limb prostheses. 
According to the classification of Smithells (1973), her defects 
were groups Al, A2, B2, B2, and her disability group 2. 

After admission to hospital, her pain increased and localized 
in the right iliac fossa. She was nauseated and had vomited 
once. There were no urinary, bowel, gynaecological or respira- 
tory symptoms. She had had no previous abdominal surgery. 

On examination, she was pyrexial with a tachycardia. There 
were no physical signs apart from localized tenderness in the 
right iliac fossa with some rigidity but no rebound tenderness. 
She was seen to have a pilonidal sinus. Rectal examination and 
examination of the urine were unhelpful. 

Appendicitis could not be excluded and she was accordingly 
prepared for surgery. 

At operation, when the abdomen was opened through a right 
grid-iron incision, the caecum and terminal ileum presented 
immediately and there was no evidence of an appendix. Careful 
examination of the caecum, which was normal, the confluence 
of the taeniae and the ascending colon failed to reveal the 
appendix (Collins’s type HI agenesis of appendix). The right 
kidney was noted to be low in position, the lower pole being 
felt deep to the caecum. There were no abnormalities in the 
small bowel or the reproductive organs and the gallbladder 
was impalpable. There were, however, moderately enlarged 
lymph glands in the small bowel mesentery. The abdomen was 
closed without drainage. 

Postoperatively the patient made an uneventful recovery and 
was discharged on the seventh postoperative day. 


Discussion 

Thalidomide (alpha-phthalimidoglutarimide) was in- 
troduced in 1958 and rapidly gained popularity as a 
mild sedative and an anti-emetic, being doubly popular 
with the medical profession since it could not be used 
to commit suicide. However, between 1958 and 1961, 
several cases of potentially irreversible polyneuritis 
were reported in patients after long-continued use of 
the drug, and in West Germany, where it had been 
freely available, it was placed on prescription in 
August 1961. 

The first reports linking the rapidly increasing 
incidence of phocomelia in neonates with the maternal 
ingestion of thalidomide during the first trimester of 
pregnancy (critical period is 28-42 days after concep- 
tion-——Taussig, 1962) appeared in late 1961 and 1962, 
from Lenz in West Germany and McBride in Aus- 
tralia in December 1961 and from Spiers in Scotland 
in February 1962, and the drug was withdrawn in late 
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November 1961. However, the incidence of newborn 
babies with severe limb and visceral abnormalities 
increased rapidly and cases were reported from most 
parts of the world (United Kingdom, Europe, especi- 
ally West Germany, Australia, Japan, Canada, United 
States, Brazil and elsewhere). It has been estimated 
that there are alive today between 5000 and 6000 
children who have been affected by the drug and 
many others died before or shortly after birth (Sjés- 
tr6m and Nilsson, 1972). 

The most frequently reported abnormalities involve 
absence of part or all of the upper and/or lower limbs; 
however, cardiovascular, gastro-intestinal and genito- 
urinary abnormalities have frequently been reported 
as well as abnormalities of the ear, eye, teeth or nose. 
Smithells (1973) examined a group of 154 thalidomide 
children for medicolegal purposes and formulated a 
classification of the common defects and degrees of 
disability which he encountered. 

The main abnormalities in the gastro-intestinal 
system, usually discovered at autopsy, include oeso- 
phageal atresia, pylorospasm, duodenal stenosis with 
valves, duodenojejunal atresia, ileal atresia, malrota- 
tion of the intestines, anorectal stenosis, anorectal 
atresia, imperforate anus and absent gallbladder (Lenz, 
1961; Lécutier, 1962; Ling et al., 1962; Spiers, 1962; 
Taussig, 1962; Hagen, 1965; Smithells, 1973). The 
appendix was absent in 4 of the 10 autopsies on 
thalidomide babies which have been reported (Lécu- 
tier, 1962; Ling et al., 1962; Spiers, 1962; Stewart, 
1963). 

Although congenital absence of the appendix occurs 
rarely in the general population, it is possible that it 
is a more frequent occurrence in thalidomide children. 
To determine this, it would be worth while recording 
the presence or absence of the appendix if the abdomen 
of one of these children has been opened for another 
purpose. Certainly, when assessing a thalidomide 
child with acute abdominal pain, the relative fre- 
quency of gastro-intestinal abnormalities in this group 
should be remembered. 
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Carcinoma of the large bowel presenting as a 


subcutaneous abscess of the thigh: a report of 4 cases 
W. S. J. MAIR, W. A. F. McADAM, P. W. R. LEE, 


K. JEPSON AND J. C. GOLIGHER* 


SUMMARY 

Four cases of carcinoma of the distal large bowel are 
described in which the presenting feature was a sub- 
cutaneous abscess of the lateral aspect of the thigh. The 
high morbidity and mortality of this presentation are 
discussed and the literature is reviewed. 


` CARCINOMA of the large bowel caused 15 778 deaths in 
England and Wales in 1969, carcinoma of the bronchus 
being the only malignancy to cause more deaths during 
that period (Registrar-General, 1971). Over the 
preceding 30-year period the number of deaths due to 
colorectal cancer had shown little change (Goligher, 
1975). Despite the incidence of the disease, perforation 
of the bowel is a rare event. Previous large series 
(Merrill et al, 1950; Goligher and Smiddy, 1957; 
Donaldson, 1958; Miller et al., 1966; Crowder and 
Cohn, 1967; Welch and Donaldson, 1974) have 
reported an incidence of perforation of 2-6-78 per 
cent, including cases in which free perforation into the 
peritoneal cavity had occurred and those where 
perforation had remained localized, forming an 
abscess cavity or fistula. In these series localized 
perforation was more common, comprising 86 per cent 
of the series of Miller et al. (1966) and 79 per cent of 
that of Donaldson (1958). Perforation usually occurs 
at the site of the tumour and it is thought to remain 
localized because of malignant fixation or because of 
inflammatory adhesions provoked by the tumour. 

Rarely, an abscess, subcutaneous emphysema or an 
enterocutaneous fistula of the abdominal wall has been 
described as a complication of colorectal malignancy 
(Gratiot and Nunes, 1944; Shaumbaugh and Burgert, 
1962; Hughes, 1963; Shucksmith, 1963; Das, 1970; 
White et al., 1973). An even more uncommon event is 
involvement of the lower limb in such a process. Only 
10 such cases have been reported in the world litera- 
ture (Gillies, 1941; Beaconsfield, 1953; Ainsworth, 
1959; Duncan and Samuel, 1960; Lee, 1960; Altemeier 
and Alexander, 1961; Shaumbaugh and Burgert, 1962; 
Fiss et al., 1975). We report 4 cases in which a subcu- 
taneous abscess of the thigh has been the presenting 
feature of carcinoma of the distal large bowel. 


Case reports 

Case 1: An 81-year-old woman admitted as a social problem 
developed an unexplained pyrexia of 39-8 °C on the day before 
her planned discharge from hospital. Her previous history 
included a pelvic floor repair and a fracture of the left femoral 
neck treated by excision of the head of the femur and insertion 
of a Moore’s prosthesis within the year before admission. Her 
only bowel complaint had been of persistent loose stools for 
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some months. Ten days after the development of the pyrexia a 
subcutaneous abscess, 5x6cm in diameter, was noted over 
the lateral aspect of the left thigh behind the greater trochanter. 
Aspiration produced faecal-smelling gas and thick pus which 
contained coliform bacilli, bacteroides and Pseudomonas 
pyocyanea. Antibiotics were given but a faecal fistula developed 
9 days later. A barium enema examination was unsuccessful, 
but a sinogram showed a large abscess cavity communicating 
with the rectosigmoid junction through the greater sciatic 
foramen posterior to the femoral prosthesis (Fig. 1). A diagnosis 
of perforated carcinoma of the colon was made, and at lapar- 
otomy a carcinoma of the rectosigmoid junction, 3cm in 
diameter, was found fixed to the left posterolateral wall of the 
pelvis with no signs of metastases or sepsis. A defunctioning 
left iliac colostomy was performed and the abdomen closed. 
Following a satisfactory early recovery the patient collapsed 
and died from a pulmonary embolism on the eighth post- 
operative day. 


Case 2: Five days after a 77-year-old man was admitted 
complaining of severe low back pain radiating into his left 
buttock a gas-containing abscess was detected over the lateral 
aspect of the left thigh. Plain X-rays confirmed this, and 
aspirated pus grew coliform bacilli and bacteroides on culture. 
At laparotomy a localized carcinoma of the rectosigmoid 
junction was found fixed posteriorly just below the sacro-iliac 
joint. There were no signs of distant spread or intra-abdominal 
sepsis. A transverse loop colostomy was fashioned and the 
abdomen closed. The lateral aspect of the thigh was then laid 
widely open, draining a large gas-containing abscess deep to 
the tensor fascia lata extending almost to the knee, up into the 
gluteal region and around into the medial compartment. 
Dependent drainage was established.’ 

Despite initial improvement, septicaemia with a diffuse 
intravascular clotting syndrome supervened and the patient 
died on the fourth postoperative day. Autopsy showed that 
infection had tracked along the left psoas major and external 
iliac vessels to enter the thigh deep to the inguinal ligament. 


Case 3: A 72-year-old man gave a 10-week history of pain in the 
right thigh which had also been swollen for 5 weeks. Examina- 
tion showed the thigh to be red, swollen and tender with 
marked subcutaneous emphysema over the anterior and lateral 
aspects. Rectal examination revealed a deep, hard posterior 
ulcer, which was shown on biopsy to be an adenocarcinoma. 
X-ray of the limb showed many marked gas shadows in the 
soft tissues (Fig. 2). 

On laying open the lateral aspect of the thigh, large quantities 
of dark pus and gas were found both superficial and deep to the 
fascia lata. Postoperatively, marked general improvement was 
obtained with intravenous fluids and antibiotics, and healing 
of the thigh progressed rapidly. Because of the patient’s poor 
general condition and local extension of the carcinoma into the 
sacrum, further operative intervention was not undertaken. 


Case 4: A 74-year-old woman developed an unexplained 
pyrexia following admission for investigation of general ill- 
health and pain in the left thigh. Three days later she collapsed 
and was found to have a tense crepitant swelling of the upper 
third of the left thigh with discoloration and blistering of the 
overlying skin. The aspirate grew Clostridium welchii on 
culture. Exploration of the thigh revealed an extensive cavity 
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Fig. 1. Case 1. Sinograms showing a large abscess cavity 
over the lateral aspect of the left thigh communicating with 
the rectosigmoid junction posterior to the femoral 
prosthesis. 





containing faecal material extending into the retroperitoneal 
space deep to the inguinal ligament. At laparotomy a small 
scirrhous carcinoma of the sigmoid colon was found fixed to 
the posterior wall of the left iliac fossa and a transverse loop 
colostomy fashioned. Two months later a left hemicolectomy 
and closure of the colostomy were performed. There was no 
evidence of local or distant tumour spread. Eleven months 
later recurrent carcinoma was detected in the left iliac fossa and 
the patient died 8 months later. 


Discussion 

Lower limb signs and symptoms may arise in a number 
of ways in both neoplastic and inflammatory bowel 
disease. Even when the disease process remains 
within the abdomen and pelvis, involvement of struc- 
tures passing into and out of the lower limb may give 
rise to vascular, lymphatic and neurological signs and 
symptoms. A generalized septicaemia such as reported 
by Lee (1960) arising within the abdomen may produce 
distant signs. 

Direct extension into the lower limb may occur, 
usually as a cellulitis complicating the primary lesion, 
be it inflammatory or neoplastic. Surgical emphysema 
of the area involved has been a constant feature of 
sepsis arising from the gastro-intestinal tract under 
these circumstances. The routes by which sepsis may 
enter the thigh and buttock are discussed by Fiss et al. 
(1975), who also pointed out that gas may originate 
either in a perforated viscus or from gas-producing 
organisms. 

Fig. 2. Case 3. X-ray of the right thigh showing many gas Twenty-seven cases of subcutaneous emphysema 
shadows in the soft tissues. and sepsis of gastro-intestinal origin involving the 
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Table I: CASES SECONDARY TO BENIGN DISEASE 
Route of entry into 
Author Age Sex Diagnosis lower limb Outcome 
Barrington and Gardham 52 M Diverticulitis Along left external iliac Death a few hours after 
(1932) vessels admission 
Dawson and Hardy (1948) 73 F Diverticular abscess Left psoas sheath Death at 2 months 
Gow (1951) 58 F Peri-ureteric abscess with Deep to right inguinal Survived 
rupture into caecum ligament 
Spring and Kahn (1951) 49 F Following appendicectomy Subcutaneous Survived 
in a diabetic 
Bernstein et al. (1952) 49 F Blunt injury to rectum Direct extension of Survived 
ischiorectal abscess 
Pierleoni and Johnson 74 F Appendicitis Deep to right inguinal Death at 45 hours 
(1955) ligament 
39 F Appendicitis Deep to right inguinal Survived 
ligament 
Ainsworth (1959) 56 F Diverticulitis Deep to left inguinal Death at 5 weeks 
ligament 
Duncan and Samuel (1960) 36 F Crohn’s ileitis with abscess Deep to left inguinal Survived 
formation ligament 
Linscheid et al. (1963) 4i F Perforated diverticular disease Left psoas sheath Survived, discharged on 
day 25 
Case record (1965) 60 M Diverticulitis, diabetes Left psoas sheath Death on day 8 
Shaffer (1969) 52 M = Toothpick perforation of Femoral canal Died 52 hours after 
terminal ileum admission 
Korsten et al. (1973) 65 F Diverticulitis of ascending Right psoas sheath Death 
colon 
Nicell et al. (1975) 55 F Appendicitis Right femoral canal Survived 
46 M Gunshot wound of rectum Deep to left inguinal Survived 
ligament 
Goligher (1976) 47 F Diverticulitis, diabetes | Left psoas sheath Survived 


lower limb have been previously reported. Of these, 16 

have been associated with benign disease (Table I) and 
10 with primary carcinoma of the large bowel (Table 
if). One further case of perforation of the sigmoid 
colon secondary to recurrent carcinoma of the cervix 
uteri and radiotherapy has been described where 
communication with the leg was established through 
the sacrosciatic notch (Linscheid et al., 1963). The 
4 cases reported in this paper bring the total to 31. 

Table IHI summarizes the routes of entry into the 
lower limb and shows that in two-thirds of the cases 
the pathway was beneath the inguinal ligament. 
Correlation between the route and the primary 
disease was poor other than the predilection of 
appendiceal and right colon lesions for the right side 
and left colon lesions for the left. Rectal lesions may 
spread into either leg. 

A comparison of the present cases with the 10 
reported in association with large bowel cancer reveals 
some common features but there are also important 
differences. The morbidity of this complication is high; 
2 of our 4 cases died in the postoperative period com- 
pared with 7 out of the 10 detailed in Table II. Of the 
5 patients who survived the postoperative period, 
2 had irremovable growths, 1 died of recurrent 
disease 21 months after presentation and the fate of 2 
is not recorded. Prolonged hospital treatment was the 
rule in each case. 

The average age of our 4 patients was higher: 76 
years compared with 61-4 years. In each of our cases 
the limb signs and symptoms predominated, with only 
one having any history of bowel symptoms or previous 
abdominal disease (Case 1), and these were not 


sufficiently marked to draw attention to the abdomen 
in the absence of physical findings. Indeed, an obvious 
orthopaedic abnormality—suspected osteomyelitis 
related to the hip prosthesis in Case 1 and gross spinal 
osteoarthritis in Case 2—served to divert attention 
from consideration of an intra-abdominal lesion. 
These contrast with the earlier reports where the 
previous history and presenting signs and symptoms 
all clearly indicated an intra-abdominal or rectal 
origin in 9 of the 10 cases. Only in the report by 
Beaconsfield (1953) were the signs limited to the leg 
and the only history available was of a back injury 12 
days before admission. In that instance an erroneous 
diagnosis of gas gangrene was made. 

None of our 3 cases with an intra-abdominal origin 
of the abscess had any signs of major intra- or retro- 
peritoneal cellulitis or abscess formation, either on 
repeated examination or at laparotomy. Even the 
perirectal tissues of Case 3 were remarkably 
uninvolved. In 7 of the earlier reports an extensive 
intra-abdominal cellulitis, abscess or inflammatory 
mass was present. The case of perforated rectal 
carcinoma had extensive perianal and perirectal sepsis 
extending directly into both thighs (Gillies, 1941). The 
case reported by Lee (1960) as cystitis emphysematosa 
had widespread intra-abdominal gas vesicle formation, 
and in one report no mention was made of the degree 
of intra-abdominal sepsis (Fiss et al., 1975, Case 1). 

Comparison of our cases with those of benign origin 
summarized in Table I is more difficult. The age group 
is quite different, the average for the benign cases being 
53-2 years. Several different pathological processes were 
involved, mainly acute disease without prolonged 
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Table H: CASES SECONDARY TO MALIGNANT DISEASE 


Author Presentation 
Gillies (1941) Obstructed carcinoma of rectum: 7 
(63 M)* days after colostomy a crepitant 


swelling of both thighs developed 


Beaconsfield (1953) 
(35 F) 


Unconscious, shocked and toxic 12 
days after back injury. Left thigh 
swollen, discoloured and crepitant 


Ainsworth (1959) 
(62 F} 


Abdominal pain and constipation. 
Laparotomy and drainage of 
pelvic abscess. X-ray of left hip 
for later pain showed gas in the 
left hip 

Two-week history of left iliac fossa 
mass. Examination showed a huge 
crepitant swelling extending over 
left hip. X-ray showed a large 
gas-containing cavity 


Duncan and Samuel 
(1960) 
(32 F) 


(47 M) Three-week history of back pain 
radiating to left leg. Tender 
fluctuant swelling across left groin. 
X-ray showed abscess containing 
gas in the upper lateral aspect of 
left thigh 


Lee (1960) 
(72 F 


History of 8 months’ abdominal 
pain and weight loss, 3 months’ 
constipation and diarrhoea and 
8 hours’ low back pain radiating 
to left buttock and calf. Large 
abdominal mass in right iliac 
fossa 

Found moribund in street. 
Crepitation and swelling of whole 
of left thigh. Large abdominal and 
rectal masses. X-ray showed 
surgical emphysema 

Fever and abdominal swelling for ! 
week. Swelling spreading over 
left thigh. X-ray showed a large 
gas loculus 


Altmeier and 
Alexander (1961) 
(72 F) 


Shaumbaugh and 
Burgert (1962) 
(72 F) 


Fiss et al. (1975) Bloody diarrhoea for 3 weeks. Pain 


(47 F) in right buttock for 5 days. 
Large rectal mass. Subcutaneous 
emphysema of thigh 

(92 F) Nausea and abdominal distension 


for 2 weeks. Swelling of right side 
of body from neck to hip 


Diagnosis and treatment 


Gas-forming infection 
Antibiotics 


Gas gangrene 

Antibiotics and anti-gas 
gangrene serum. Wide 
incision of thigh 


Antibiotics. 
Aspiration of abscess 


Drainage of abscess, then 
laparotomy and 
colostomy 4 days later 


Antibiotics. 
Incision and drainage 


Provisional diagnosis of 
cystitis emphysematosa 
following emphysema of 
buttock and abdominal 
wall 

Antibiotics 


Antibiotics. Wide incision 


Incision and drainage of 
large abscess. Transverse 
colostomy. Resection of 
carcinoma of descending 
colon 2 weeks later 


Incision and drainage of 
thigh. Sigmoid colostomy 


Laparotomy. ? procedure 


Result and final diagnosis 


Death within a few hours 

Adenocarcinoma of rectum 
invading perirectal tissues. Gas- 
forming cellulitis of both thighs 

Death 12 hours after admission 

Carcinoma of sigmoid colon, 
gangrene and abscess of left 
iliacus muscle. Egress deep to 
inguinal ligament 

Death 10 weeks after operation 

Carcinoma of rectosigmoid 
junction extending through left 
sacrosciatic notch into large 
thigh abscess 

Survived 

Irremovable mass due to 
adenocarcinoma of junction of 
descending and sigmoid colon 
with subcutaneous abscess 
extending into thigh 

Septicaemia and death 12 hours 
after admission 

Three carcinomas of colon. 
Retroperitoneal abscess from 
descending colon lesion 
communicating deep to the 
inguinal ligament 

Death 18 hours after admission 

Carcinoma of caecum with 
inflammatory mass. Diffuse 
generalized cellulitis with gas 
formation 


Death 3 hours after operation 
Left-sided retroperitoneal abscess 
from perforated carcinoma of 

colon communicating along the 
psoas sheath 

Survived 

Mucinous carcinoma of colon. 
Communication via defect in 
abdominal wall and thence into 
the thigh in subcutaneous 
tissues 

Death 8 hours after operation 

Carcinoma of rectum perforating 
into obturator foramen 


Survived 

Obstructed carcinoma of sigmoid 
colon. Perforation of hepatic 
flexure of colon 





* Age and sex. 


Table HI: ROUTES OF ENTRY INTO THE LEG 


Route 


Tissue plane No. of cases 


debilitating illness preceding the presenting episode, 
and 3 patients were also diabetic. 
When considering therapy for this complication of 


Deep to inguinal Psoas sheath 7) large bowel cancer it is difficult to believe that any 
ngameng Aas ee 3 L20 improvement in prognosis can be achieved. The 
Not specified g rapidity with which death has supervened in many of 

Fibro-osseous canals Sacrosciatic notch or the cases indicates the fulminating nature of the infec- 
Obturator foramen i tion once it gains access to the wide tissue spaces of the 

aes abdominal wall sander RU i : lower limb. Seven of the total of 31 cases reviewed died 


within 24 hours of admission and 2 others within the 
next 24 hours. The high mortality rate in the benign 
group of diseases—7 out of 16 (43-8 per cent}—also 


pelvic floor 
Generalized emphy- Septicaemia 


sematous cellulitis 


Faama 





draws attention to the lethal nature of spreading 
sepsis in the leg. 

Clearly, wide local drainage and faecal diversion 
together with appropriate antibiotic therapy after 
vigorous resuscitation will remain the mainstays of 
surgical management. However, the advanced nature of 
the disease when it presents in this manner is unlikely 
to allow more than a very guarded prognosis at best. 

This report draws attention to the importance of 
considering a visceral origin of lower limb signs and 
symptoms, and to the possibility that a retroperitoneal 
cellulitis or abscess may produce these symptoms in 
the absence of physical findings. The serious nature of 
this complication of large bowel cancer is stressed. 
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Prostatectomy: its safety in an Australian 


teaching hospital 
R. SACH AND V. R. MARSHALL* 


SUMMARY 

A comparison of the results of prostatectomy in the 
same hospital after a 15-year interval has shown that 
there has been a significant reduction in the mortality 
(2:3 per cent versus 6'7 per cent). However, on reviewing 
the results of prostatectomy over the past 30 years it is 
evident that in spite of improved pre- and postoperative 
care the mortality and morbidity for high risk patients 
have remained constant. If the safety for this operation 
is to improve, it would seem that more care in patient 
selection is necessary and that other means of achieving 
urinary drainage will need consideration and evaluation 
in elderly men with significant cardiovascular and 
respiratory disease. 


In 1958 McEachern in Adelaide showed that there 
had been a significant improvement in the safety of 
prostatectomy in the preceding half century. It is 
always tempting to assume that because significant 
advances have occurred in other areas of medicine, 
the safety of a particular operation will continue to 
improve. It has been estimated (Blandy, 1971) that 
about 10 per cent of all males will require surgery for 
prostatic disease. This high incidence of surgery 
demands that surgeons constantly review their results. 
McEachern’s study has provided us with an 
opportunity to examine the results of prostatectomy in 
the same hospital 15 years later to determine whether 
there has been the anticipated improved safety. We 
have paid particular attention to the results obtained 
in patients over the age of 80 for whom various series 
(Salvaris, 1960; Lytton et al., 1968) have reported 
mortality rates in excess of 10 per cent. 


130 
120 
10 
100 


7O 
$0 
AQ 
30 
‘o i f 
i a 
— coma 


AS+ 30+ 55+ 60+ 65+ 7O+ 75+ 80+ 85+ 90+ 
AGE 
632% 


NUMBER OF PATIENTS 
un 
© 


300> 7O 1OO > BO 20% 


Fig 1. Age distribution of the patients. 


The series 

The case records were examined of all patients under- 
going prostatectomy at the Royal Adelaide Hospital 
over a 2-year period (July 1972 to June 1974). There 
were 474 cases and of these, 396 (84 per cent) underwent 
open operation and 78 (16 per cent) had a transurethral 
resection. The relatively low incidence of transurethral 
operations reflects the fact that the majority of these 
operations were performed by general surgeons or 
registrars in training. 


Findings 

Age 

The age distribution of the patients is shown in Fig. 1. 
There was a high proportion of elderly patients: 
63 per cent were over the age of 70 and 21 per cent were 
over 80. This represents a greater proportion of elderly 
patients than reported in similar series (Lytton et al., 
1968; Ashley et al., 1971; Singh et al., 1973). 


Cardiorespiratory status 

In examining the mortality and morbidity associated 
with prostatectomy in predominantly elderly patients. 
it was thought necessary to take into account their 
preoperative medical state. The patients studied were 
divided into three groups based on criteria of Singh et 
al. (1973): grade 1 patients were considered fit with no 
anaesthetic restrictions, grade 2 patients were con- 
sidered moderately fit but had significant associated 
medical disease while grade 3 comprised high risk 
patients (Table 1). From Table II it can be seen that 
only a small proportion of the patients were considered 
fit. This proportion would become even smaller if, in 
addition, the age criteria used by Singh et al. (1973) 
were applied, as in their study all patients over the age 
of 80 were designated group 3. In the present study age 
was disregarded in the assessment of fitness. 


Indications for operation 

Prostatectomy was performed for acute retention in 
244 patients (51 per cent) and for chronic retention or 
symptoms consistent with outflow obstruction in 230 
(49 per cent). 


Histology 
All the glands were submitted to routine histological 
examination. In 406 (86 per cent) the gland was 
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Table I: GRADING OF CARDIORESPIRATORY 
STATUS 


Grade i: No significant concurrent disease 


Grade 2: a. Myocardial infarction or cerebrovascular accident 
more than 6 months before operation 

. Congestive cardiac failure controlled on treatment 

. ‘Benign’ arrhythmias 

. Hypertension requiring treatment 

. Moderate chronic obstructive airways disease 

. Diabetic requiring treatment 


. Myocardial infarction or cerebrovascular acci- 
dent within 6 months before surgery 

. Uncontrolled ventricular ectopics 

. Complete heart block 

inadequately controlled congestive cardiac failure 

or severe chronic obstructive airways disease with 

gross limitation of normal daily activities 


aa oO 


a THA 


Grade 3: 
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Table H: CARDIORESPIRATORY STATUS OF - 
PATIENTS IN THE PRESENT SERIES COMPARED 
WITH THAT OF SINGH ET AL. (1973) 


Cardiorespiratory No. of Singh et al. 
status patients A (1973) (4) 
Grade | 106 22 46 
Grade 2 287 60 42 
Grade 3 81 17 12 


Table IHH: CAUSES OF DEATH 


Cause of death No. of deaths % Of total 


Myocardial ischaemia 8 40 
Respiratory 3 15 
Septicaemia 3 15 
Renal failure 2 10 
Hepatorenal failure I 5 
Cerebrovascular accident I 5 
Haemorrhage l 5 
Ruptured iliac aneurysm i 5 


Table IV: MORTALITY RELATED TO 
CARDIORESPIRATORY STATUS 


Cardiorespiratory status 


Grade 1 Grade 2 Grade 3 

Number of patients 106 287 81 
I month 

Number of deaths 0 5 6 

%o mortality 0 17 74 
3 months 

Number of deaths 2 10 8 

% mortality 1-9 DS 9-9 


considered to show benign hyperplasia and in 68 
(14 per cent) carcinoma. 


Mortality rate 

The mortality rate was determined at 1 and 3 months 
after operation. At the end of 1 month the overall 
mortality rate was 2°3 per cent, and although patients 
over the age of 80 had the highest mortality rate of 
5-0 per cent, this was not significantly different from 
that for patients under the age of 80. At 3 months 
(Fig. 2) the mortality rate for patients over the age of 
80 was 9-0 per cent, and this was significantly higher 
than that for the other age groups (P< 0-05). In an 
elderly population it is often difficult to be certain how 
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Fig. 2. Mortality after prostatectomy related to age. 


much the life expectancy of an individual has been 
altered by a particular operation. From Australian 
life tables (Aitchison, 1973) the expected death rate 
for men aged 80 in their eighty-first year of life is 
0-8 per cent per month or 9-1 per cent per annum. 
Therefore subjecting such individuals to operation has 
resulted in a fivefold increase in their mortality rate. 
When similar figures were calculated for men in their 
seventy-first year of life the mortality rate was increased 
threefold. For men over 80 for whom there was a 
5-0 per cent mortality at 1 month the expected mortality 
rate at 3 months on the basis of the life tables would be 
6-6 per cent. This is, however, lower than the observed 
figure of 9-0 per cent, suggesting that the surgery was 
still influencing mortality at 3 months. Similarly, for 
men over 70 the expected mortality was 2-0 per cent 
and the observed 3-0 per cent. 

The causes of death are shown in Table HI The 
principal cause of death was myocardial ischaemia, 
which is in accord with the findings in other series. 
Cardiorespiratory status: From Table LV it can be seen 
that the mortality was higher in patients with a poor 
cardiorespiratory status: in grade 3 patients there was 
a significantly higher mortality rate at both 1 and 3 
months (P< 0-05). 

Indications for operation: Of the 244 men who had a 
prostatectomy for acute retention, 4-5 per cent died 
within 3 months of operation, which was not signifi- 
cantly different from the 3-9 per cent mortality rate in 
the 230 men who had a prostatectomy for chronic 
retention or other symptoms. 

Type of operation: The mortality rate (Table V) was 
similar for transurethral resection and open operation, 
and the results for each type of operation did not 
appear to be affected significantly by the cardio- 
respiratory status. 

Malignancy: The presence of malignancy did not 
significantly affect the survival rate at 3 months 
although the mortality rate was higher: 7-3 per cent 
compared with 3-7 per cent for benign hyperplasia. 
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Table V: MORTALITY FOR THE DIFFERENT OPERATIONS RELATED TO CARDIORESPIRATORY STATUS 








AND AGE . 
Cardiorespiratory status Age 
Grade ł Grade 2 Grade 3 <70 70-79 > 80 
Transurethral resection 
Number of patients 10 49 19 20 34 24 
1 month 
Number of deaths 0 ł 2 
Yo mortality 0 2 10-5 co 1 3 
3 months i 
Number of deaths 0 i 2 0 2-9 8&3 
5s mortality 0 2 10-5 
Open operation 
Number of patients 96 238 62 154 166 76 
t month 
Number of deaths l 3 4 3 2 3 
2%% mortality pi 1-3 6:5 1-9 i-2 4 
3 months 
Number of deaths 2 9 6 5 5 7 
“% mortality 2:1 3-9 9-7 3-2 3-0 9-2 
* Figures for 1 and 3 months combined. 
Table Vi: INCONTINENCY RELATED TO ; | 
CARDIORESPIRATORY STATUS AND AGE Uraemia: The mean blood urea nitrogen for the 
Incentinent patients who died was 26-4 + 13-5 (s.d.) mg per cent, 
No. of e , ie a | 
baent No. 7 which was not significantly greater than that for 
EE RSE ERIE patients who survived for 3 months after operation 
Grade He ar 106 2 19 (22:2+ 18-4 mg per cent). 
Grade 2 287 g 28 
Grade 3 81 7 8-6 Incontinence 
Age Any patient who needed to wear a penile clamp or had 
<70 174 F = an indwelling catheter at 3 months after operation was 
ee rit g go Considered to be incontinent for the purposes of this 


Table VH: FAILURE OF PROSTATECTOMY AT 
3 MONTHS RELATED TO CARDIORESPIRATORY 
STATUS AND AGE 

Cardiorespiratory status 


Age Grade | Grade 2 Grade 3 

<70 

Number 3/55 4/94 6/25 

”, failed 5-5 4:3 24 
70-79 

Number 0/41 8/132 4/27 

% failed 0 61 14:8 
=> 80 

Number 1/10 9/61 7/29 

% tailed 10 14-8 24-0 
All ages 

Number 4/106 21/287 17/81 

$% tailed 3-8 T3 20-9 


Results given as number of failures out of the total number 
of patients in the grade and age group. 


Infection: The mortality rate in men whose urine was 
infected preoperatively was 8-3 per cent (5/60), which 
was more than double that found in non-infected 
cases (3°6 per cent, 15/414). While this appears 
relevant in the management of these patients it did not 
achieve significance at the 5 per cent level, but this may 
be attributable to the small cell numbers for those who 
died. 


study. The overall incontinence rate was 3-7 per cent 
(17 patients), and of these, 8 had malignant glands, 
which resulted in an incontinence rate of 12-7 per cent 
if prostatectomy was performed for obstruction by a 
carcinoma, but was only 2-3 per cent when the opera- 
tion was performed for benign hyperplasia. Table VI 
shows that incontinence rates rose both with age and 
with poorer cardiorespiratory status. In the small 
group of patients (16) in whom these factors were 
summated, namely those over the age of 80 who had a 
cardiorespiratory status of grade 2 or 3 and a carci- 
noma, the incontinence rate was 25 per cent. 


Failed operation 

The operation was considered to have failed if the 
patient died within 3 months of prostatectomy, was 
incontinent or was unable to void after the operation 
and had to be recatheterized. In Table VH it can be 
seen that the failure rate rose markedly with age and 
cardiorespiratory status, but it is important to note 
that the outcome of the operation was influenced 
equally by general health and age. Irrespective of age, 
the patients who were graded as ‘poor risk’ had a 
failed operation in 21 per cent of cases. Considering 
patients who had the unfavourable combination of 
factors cited above (over 80, with carcinoma and 
cardiorespiratory grade 2 or 3), the failure rate was 
40 per cent. 


a® 


Discussion 

The inortality rate for prostatectomy in this series was 
2:3 per cent at 1 month and 4:2 per cent when the 
follow-up period was extended to 3 months. This is 
significantly lower (P < 0-05) than the 67 per cent that 
McEachern (1958) reported in a personal series from 
the same hospital 15 years earlier. The important 
question that presents itself is whether the mortality 
rate can be reduced even further? In recent large 
series Singh et al. (1973) and Melchior et al. (1974) 
have reported mortality rates of 1-4 and 1:3 per cent 
respectively at 1 month after operation, although in 
1951 Creevy reported a mortality of only 0-6 per cent 
for a series of 1000 cases. These mortality rates are 
_lower than that found in the present series, and perhaps 
surprisingly it was in patients under the age of 80 who 
were moderately fit where the greatest differences have 
been observed. The mortality rate for patients in the 
present series over the age of 80 was 5-0 per cent, or 
if they had a grade 3 cardiorespiratory status 7-4 per 
cent, which compares favourably with the 3-5 per cent 
mortality reported for men over 80 by Melchior et al. 
(1974) and a mortality of 9-2 per cent reported by 
Singh et al. (1973) for grade 3 patients. 

Direct comparison between series is difficult 
because of the number of variables involved and the 
difficulty of being certain that patients have been 
graded in a similar manner. One potentially important 
difference is the preponderance of patients in the 
present series who had an open operation. In the series 
quoted above the patients were treated in almost all 
instances by transurethral resection. This would lend 
support to the widely accepted idea that transurethral 
resection is a safer procedure than open operation. 
However, in the high risk patients where it might be 
expected that the greatest benefit would occur no 
difference exists between the results for the two 
operations. In this series the results of transurethral 
resection in patients who could be considered high 
risk individuals by virtue of either age or cardio- 
respiratory status were slightly inferior to those for 
open operation. Because of the small number of 
patients undergoing transurethral resection in this 
study these results may not be representative of the 
true picture. However, the mortality for open opera- 
tion at | month compares favourably with the results 
for large series of cases of transurethral resection. 
Melchior et al. (1974) reported a mortality of 3-5 per 
cent and Holtgrewe and Valk (1962) one of 67 per 
cent, while in the present series the mortality for open 
operation was 4-0 per cent, and if patients of the same 
cardiorespiratory grade are compared the survival 
rate of 93-5 per cent found for open operation is 
slightly better than the 92-4 per cent reported by Singh 
et al. (1973) for transurethral resection. 

In determining the mortality attributable to a 
particular operation it is often difficult to decide when 
the procedure per se is no longer having a significant 
effect. On the basis of our observations it would 
appear that patients should be followed up for at 
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least 3 months, and even after that period of time the 
mortality rate was still higher than anticipated on the 
basis of Australian life tables. 

Seventeen patients (3:7 per cent) were incontinent at 
3 months after operation. This relatively high figure 
appeared to be attributable to the presence of malig- 
nancy and the high proportion of very unfit and elderly 
patients. It is apparent that the ultimate aim of 
prostatectomy, namely to enable the patient to void 
satisfactorily, is greatly affected by patient selection. 
In our experience patients who had grade 3 cardio- 
respiratory status had a 9-9 per cent mortality rate 
and a 1 in 5 chance of the operation being totally 
unsuccessful in as much that they either died or left 
hospital with an indwelling catheter or an inconti- 
nence device. If age and histology are also taken into 
account, then patients over the age of 80 who were 
graded as being moderate or poor risk patients with a 
malignant gland had a failed operation in 40 per cent 
of cases. 

Preoperative urinary tract infection appears to 
influence mortality, but contrary to the observations 
of a number of other series poor renal function on 
admission did not significantly influence the outcome 
of surgery. 

If greater safety is to be achieved it appears that 
surgeons should review their criteria and indications 
for operation. Before embarking upon operation in 
these high risk patients it would seem important to try 
to evaluate the function of their external sphincter 
mechanism by a urethral pressure profile. If adequate 
resistance cannot be demonstrated in the region of the 
membranous urethra, it would seem unlikely that 
there will be a satisfactory functional result. The other 
important consideration is whether all men with 
retention should be offered prostatectomy, because in 
spite of vastly improved pre- and postoperative care 
the overall mortality for prostatectomy is no better 
than in 1951 (Creevy, 1951). The mortality rate is 
heavily influenced by the proportion of high risk 
patients and it seems that the safety for this group has 
reached a plateau (Latchem and Emmett, 1945). If 
better results are to be obtained, consideration must be 
given to either modifying the operation and evaluating 
lesser procedures such as bladder neck incision, or 
more readily acknowledging the place of prolonged 
catheter drainage. 
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Herniation through the foramen of Morgagni 


in children 
G. G. THOMAS AND N. R. CLITHEROW#* 


SUMMARY 

Eight cases of herniation through the foramen of 
Morgagni are described. They fell into two distinct 
groups presenting either as neonatal respiratory distress 
or as an incidental finding in older children. Diagnosis is 
essentially radiological, stressing the importance of a 
lateral film. Surgical repair is advocated, the abdominal 
approach being preferred. Pneumopericardium is a rare 
but severe complication. 


THE exact incidence of herniation through the 
diaphragm is difficult to estimate, as a small hernia 
may remain undetected throughout life. If oesophageal 
hiatal hernia is excluded, a diaphragmatic hernia in a 
child is usually through the foramen of Bochdalek. The 
foramen of Morgagni is involved much less frequently, 
and this paper describes such a type of hernia in 
infants and children. 


Patients 

All the patients with diaphragmatic hernia who 
attended Alder Hey Children’s Hospital during a 
20-year period (1954-73) were studied. Those with 
oesophageal hernia were excluded. Thus 142 patients 
remained and 8 of these had unequivocal evidence of 
herniation through the foramen of Morgagni. 


Findings 

There were 3 females and 5 males in our series. The 
hernia was present on the right side in 3 and on the 
left in 5. It was possible to divide the patients into two 
groups on clinical grounds: 4 older infants and 
children who were well at birth (Table I), and 4 who 
presented at birth with acute symptoms (Table IT). 

The older patients were investigated for recurrent 
chest infections or vomiting. The hernia was discovered 
on chest X-ray and it was confirmed by barium 
studies in 2 cases. All 4 underwent surgical repair; 3 via 
the abdomen and | by a right thoracotomy. Their 
pre- and postoperative conditions were good and the 
follow-up has been between 1 and 13 years, with 
normal chest X-rays. 

Four patients presented soon after birth with 
symptoms very similar to those of cases with the more 
usual foramen of Bochdalek hernia. Three had 
respiratory distress and in the remaining patient the 
defect had been found on chest X-ray performed 
because of an apparent dextrocardia. 

All 4 had a surgical repair via the abdomen, and 
there is no doubt from the operation notes that the 
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Fig. 1. Postoperative chest X-ray showing 
pneumopericardium. There is also a right haemopneumo- 
thorax present. 


defect was in the anterior part of the diaphragm, the 
remainder of the diaphragm being intact. Three have 
been followed up for periods between 3 months and 
10 years. Two are perfectly well but one developed a 
hemiplegia from an unrelated cause at the age of 
7 years. 

One neonate died within 24 hours. At operation a 
sac containing the right lobe of the liver and small 
bowel was found anteriorly on the right. This was 
easily reduced and the defect was repaired without 
difficulty, but the baby had a cardiac arrest 6 hours 
later. An X-ray showed a _ pneumopericardium 
(Fig. 1); 10 ml of air were aspirated but the baby’s 
general condition remained poor and he died shortly 
afterwards. 


* Neonatal Surgical Centre, Alder Hey Children’s Hospital, 
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Table I: DETAILS OF THE PATIENTS WHO PRESENTED WITH NON-ACUTE SYMPTOMS 
Age at $ 
Patient Sex presentation Symptoms X-ray findings Operative findings Outcome 
S. H. M 22 mth Recurrent colds. Bowel in right side of chest Abdominal approach. Sac con- Well at I yr 
Pigeon chest confirmed by barium tained small bowel and liver 
meal 
G. A. F 8 mth Intermittent Bowel in right side of chest Right thoracic approach. Con- Well at 13 yr 
vomiting tained small bowel and hepa- 
tic flexure 
J.N. M 3 wk Snuffles and Bowel in left side of chest Abdominal approach. Contents Well at 18 mth 
dyspnoea not mentioned 
P. F. M 8 yr Mongol. Recurrent Right side hernia. Barium Abdominal approach. Sac Well at 13 yr 
colds meal showed colon tn empty at operation 


chest 


Table Il: DETAILS OF THE PATIENTS WHO PRESENTED WITH ACUTE SYMPTOMS 


Age at 
Patient Sex presentation Symptoms X-ray findings 
A. H. F 24 hr Irregular breathing Left side hernia 
J, R. F 12 hr No symptoms. Right side hernia 
Heart on left 
side 
P. T. M Birth Cyanosed and Right side hernia 
dyspnoeic 
A. S. M Birth Cyanosed Left side hernia 


A sac was present in 7 patients, but there was no 
reference to one in the operation notes on the other 
patient. The hernia contained small bowel (6), liver 
(3), spleen (2) and large bowel (2), while the sac was 
empty at operation in one case, The transverse colon 
contained in the hernia in one patient had undergone 
volvulus but was quite viable at operation. 


Discussion 

The incidence of foramen of Morgagni herniation is 
low. Baron et al. (1967) described 8 cases out of 134 
diaphragmatic hernias (excluding those through the 
oesophageal hiatus) in children at the Mayo Clinic, 
giving a similar incidence to the present series. In their 
series 5 of the 8 had a right-sided hernia, and the 
majority are on the right in most reports, especially if 
adults are included (Comer and Clagett, 1966; Paris 
et al., 1973). However, in our series 5 were on the left 
and only 3 on the right. This discrepancy is difficult to 
explain but it is probably due to the high incidence of 
left-sided hernias in the neonatal group. 

These hernias invariably have a sac (Paris et al., 
1973) and can contain any abdominal viscus or 
omentum. Symptoms may be non-existent, especially 
in older children and adults. Chin and Duchesne 
(1955) discovered 30 in symptomless adults by mass 
radiography. Most commonly the patients present 
with recurrent chest infections or vague gastro- 
intestinal symptoms, as in our older group. However, 
all the neonatal patients were acutely ill with respi- 
ratory embarrassment requiring prompt surgery, and 


Outcome 
Weill at 3 mth 


Operative findings 


Abdominal approach. Sac con- 
tained stomach, small bowel, 
spleen and left lobe of liver 

Abdominal approach. Sac con- 

tained small bowel, spleen 
and stomach 

Abdominal approach. Sac con- 
tained right lobe of liver and 
small bowel. Easy repair 

Abdominal approach. Sac 
contained liver and bowel. 
Volvulus of colon present 


Well at 10 vr 


Postoperative pneumo- 
pericardium. Died at 
24 hr 

10-yr follow-up. Devel- 
oped left hemiplegia 
at 7 yr (unrelated) 


differentiation from Bochdalek herniation was only 
made at operation. 

The preoperative diagnosis is essentially radiological. 
An anteroposterior chest X-ray in neonates with severe 
respiratory symptoms usually shows loops of bowel in 
the chest. A lateral view is required for precise 
diagnosis, but in our cases this was not taken because 
they underwent emergency laparotomy. In the less 
urgent cases the lateral view demonstrates a mass sited 
anteriorly in the cardiophrenic angle. The differential 
diagnosis includes lymphoma, teratoma, lipoma, 
peripheral pulmonary neoplasm, hydatid cyst, 
empyema, pleuropericardial cysts and encysted 
pleural fluid. Other possibilities are fat deposits and a 
right pericardiac or middle lobe collapse (Sutton and 
Grainger, 1969). These hernias have also simulated 
left ventricular hypertrophy (Hillman et al., 1964) and 
right atrial enlargement (Korobkin et al., 1973). 

The diagnosis is easier if there is gas-containing 
bowel in the sac, as this shows a characteristic 
appearance. A film of the abdomen can show visceral 
displacement. If the hernia contains mainly omentum 
it can be difficult to differentiate from a solid intra- 
thoracic lesion; a clue may be obtained from the colon 
shadow being higher and more anterior than usual (if 
not above the diaphragm) or merely angulated up- 
wards. Careful study of the lateral view (especially if 
taken with a low kV to increase radiographic contrast) 
may show the parietal~properitoneal peritoneum line 
which bulges upwards anteriorly into the chest above 
the mass, simulating the handle of a cane in profile 


\ 


(Lanuza, 1971) and indicating a subdiaphragmatic 
lesioh. If the possibility of a parasternal diaphragmatic 
hernia is borne in mind, the diagnosis may often be 
made from plain films. 

Barium meal and follow-through or barium enema 
studies can be used to confirm the diagnosis and to 
identify some of the contents. Chest screening and 
tomography often have little to contribute other than 
to show that the mass is non-pulsatile and cannot be 
separated from the heart shadow. Pneumoperitoneum 
may be of value to show the abdominal origin and the 
size of the sac, though it may not fill if the neck of the 
sac is tight (Comer and Clagett, 1966). 

Other contrast studies can be used if different 
viscera have herniated. In a child whose herniated liver 
simulated right atrial enlargement, right and left 
angiocardiography, inferior venacavography, coeliac 
angiography and a liver scan were also used (Korobkin 
et al., 1973). 

The treatment of Morgagni herniation is operative. 
Though symptoms in older patients may be minimal 
and it has been suggested that a symptomless hernia 
in an adult can be left untreated (Chin and Duchesne, 
1955), others recommend surgery (Comer and Clagett, 
1966). In children, surgical repair should be advised 
as strangulation of herniated bowel can occur. In one 
of our cases there had been volvulus of the transverse 
colon though it was not strangulated. 

We encountered one other serious complication. 
One patient died following the development of a 
pneumopericardium. The mechanism of this is not 
clear but it has been described previously. Thomsen 
et al. (1954) treated a 7-week-old patient who survived 
a stormy postoperative course including a pneumo- 
pericardium. Two other neonates with diaphragmatic 
hernia have been reported who developed a pneumo- 
pericardium following repair (Mansfield et al., 1973; 
Baudry et al., 1975). Both cases died, indicating that 
pneumopericardium occurring following a diaphrag- 
matic hernia repair is usually a lethal complication. 

The operative approach to diaphragmatic hernias 
has been controversial. Thoracic surgeons tend to 
favour the thoracic route whilst paediatric surgeons 
approach the hernia transabdominally. A thora- 
cotomy should be considered if the diagnosis is in 
doubt when X-rays do not differentiate a solid chest 
mass from a hernia, usually one containing omentum 
only. If a definite diagnosis has been made, the 
abdominal route is advisable, and this was emphasized 
by Bentley and Lister (1965) who described a case with 
a Morgagni hernia which was repaired through a 
thoracotomy, but the patient died from a further 
obstructed Morgagni hernia which had occurred 
simultaneously on the opposite side. 
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As even the largest hernias can be repaired easily 
via the abdominal route, this approach is the one of 
choice, and the outlook for the patient is excellent. 


Addendum 

Another child has been treated recently. This 13- 
month-old boy presented with recurrent chest infec- 
tions, and a left-sided hernia was found on chest X-ray. 
It was repaired via the abdominal route and the sac 
contained liver and bowel. He was still ‘chesty’ but 
otherwise well when examined as an outpatient 4 weeks 
later. 
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Secretagogue-produced duodenal ulcers in the rat 
S. N. JOFFE, R. J. GASKIN, A. A. J. BARROS D’SA AND J. H. BARON#* 


SUMMARY 

Duodenal uicers were produced in rats by the sub- 
cutaneous infusion for 6-48 hours of two gastric 
secretagogues in combination: pentagastrin (2 or 
4 ug kg™ min“) and carbachol (0-4 or 0-8 ug kg 
min). With increasing duration of infusion and higher 
doses there were increases in the incidence, severity, 
number and perforation rate of duodenal ulcers, their 
caudad distribution and mortality from peritonitis. This 
method of producing duodenal ulcers may sufficiently 
resemble the clinical situation to provide a model for the 


study of anti-ulcer drugs and the natural history of 


duodenal ulcers. 


THE aetiology of duodenal ulcer disease is poorly 
understood, and most attention has been paid to the 
increase in acid in the duodenum. Comparable 
duodenal ulcers have been produced experimentally 
in the guinea-pig, cat and rat by gastric hypersecretion 
in response to secretagogues (Robert et al., 1970: 
Konturek et al., 1974; Kowalewski, 1974; Ridley et 
al., 1974). In the present study the dose and duration 
relationship of two secretagogues, pentagastrin and 
carbachol, alone and together, have been investi- 
gated in the rat. This was both to examine further the 
relationship between hypersecretion and duodenal 
ulcer disease as well as to produce a quantifiable 
ulcer model for experimental ulcer treatment or ulcer- 
preventive regimens. 


Materials and methods 
Male Wistar rats, weighing 150-250 g, were fasted 
overnight. A regular 18-G bore thin wall siliconed 
needle (Abbots Butterfly R-19) was inserted sub- 
cutaneously under ether anaesthesia into the dorsal 
region, sutured in place with 2/0 silk and connected by 
25cm of flexible tubing to a 50-ml syringe. The 
secretagogues were infused at the rate of 18 ml/24 
hours for 6, 12, 18, 24 or 48 hours. Studies were 
performed on 30 rats in each group. During the 
infusion the animals were placed in individual plastic 
cylindrical restraining cages with flat wire bottoms, 
and water and food were withheld. The gastric 
secretagogues pentagastrin (2 or 4 ug kg min=!) and 
carbachol (0-4 or 0-8 ug kg-t min?) were used alone 
or in combination. They were diluted in normal saline, 
and when used together were infused from the same 
syringe. Control animals were infused with saline alone 
under identical conditions. 

At the end of each experiment, the animals were 
killed with anaesthetic ether and the stomach and 
whole duodenum were removed. The specimen was 


opened along the mesenteric attachment of the 
duodenum and the greater curvature of the stomach, 
and examined for ulceration with the naked eye and 
with a lens of x 10 magnification. Any duodenal or 
gastric ulcers were noted in each rat, together with the 
number of ulcers, situation, size, depth and caudad 
distance in the duodenum from the pylorus. 

The individual rats in each set of experiments were 
numbered, so that even if the final observer were 
occasionally the person who had set up the experi- 
ment, his assessment of the mucosal damage was 
without knowing whether saline or secretagogue had 
been given. 

The severity of the duodenal lesions was graded 
semiquantitatively as shown in Table I. In each group 
of 30 rats the duodenal ulceration was expressed as 
the duodenal ulcer score which was a modification of 
that described by Robert et al. (1971). This was the 
sum of percentage incidence divided by 10, the mean 
severity (grade 0-5) and the mean number of ulcers 
per duodenum. 


Table I: GRADING OF DUODENAL LESIONS 
Ulceration, 


Petechial Super- penetration 
Mucosal haemor- ficial or 
Grade Oedema reddening rhage erosions perforation 
0 a a aus pen ee 
I “fe — m — — 
2 + 4 ~ =~ _- 
3 ~ -+ f- — — 
4 -+ = + -H -— 
5 i: 4. + + + 





Results 

Of the control rats in each group which were infused 
with saline alone for 6-48 hours, none developed any 
mucosal changes in their stomach or duodenum. 
Pentagastrin infusion alone, in doses of 2 or 4 ug 
kg~' min` for 24 or 48 hours, gave inconstant and 
poor duodenal ulceration in 30 rats. When carbachol 
was infused alone at 0-8 ug kg? min~! over 24 or 48 
hours no duodenal lesions were produced. 

With a low dose infusion of pentagastrin 2 ug kg=} 
min~? and carbachol 0-4 ug kg-t min for 24 hours, 
16 of the 30 rats developed duodenal ulcers. All these 
ulcers were in the first part of the duodenum with a 
mean severity score of 2-4 and none of the rats died. 
Perforation occurred in 5 rats (16 per cent), and of 
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these, 4 had spontaneously sealed off by becoming 
adherent to the liver and omentum. The remaining rat 
had an early free perforation with minimal macro- 
scopic evidence of a generalized peritonitis, although 
there was gastric juice in the peritoneal cavity. By 
increasing the perfusion time from 24 to 48 hours, the 
incidence of duodenal ulcers increased from 53 to 90 
per cent with an increase in the ulcer index from 8°3 
to 13:1 (Fig. 1), and ulcers were now found in the 
second part of the duodenum as well. Seven per cent 
of the animals died of peritonitis from perforation of 
the duodenal ulcers (Table I). 

When double the doses of pentagastrin (4 ug kg 
min“) and carbachol (0-8 ugkg-'min-') were 
infused for varying times, the incidence of duodenal 
ulcers increased with the duration of infusion from 
3 per cent at 6 hours to 100 per cent at 24 hours, with 
a similar increase in severity, number, duodenal ulcer 
index score, caudad distribution, perforation and 
death from peritonitis (Fig. 1, Table I). 

In some animals with or without perforation, the 
intestinal contents were often black because of 
altered blood, indicating bleeding from the ulcers. In 
other cases, the site of perforation was sealed by the 
liver or omentum so that there was no free fluid in the 
peritoneal cavity. 

Histologically, all degrees of duodenal ulcer 
severity were found, from shallow erosions, lesions 
involving the whole thickness of the wall, penetration 
of the muscularis mucosa with inflammation of the 
submucosa, necrosis of the seromuscular layer and 
finally perforation. 


Discussion 

These results suggest that in the rat the defence 
mechanisms that protect the duodenal mucosa from 
ulceration can be overcome by gastric secretagogues 
if administered in combination and by continuous 
infusion. It is not clear why, if ulcerogenesis is due to 
excessive acid/pepsin, pentagastrin alone does not 
produce ulcers, but when administered with another 
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Fig. 1. Incidence of duodenal ulcers and duodenal ulcer score 
produced by infusion of pentagastrin (P) and carbachol (C). 


secretagogue the drugs in combination have a 
potentiating ulcerogenic effect. To speculate further, 
perhaps the cholinergic drug carbachol has the 
additional effect of decreasing the resistance of the 
duodenal mucosa to acid and pepsin. The initiation of 
the duodenal ulcers appears to be related to the hyper- 
secretion of gastric juice which presumably overcomes 
the duodenal protection. This process is then con- 
tinued by the sustained secretion of a highly acid 
peptic juice which has been shown by the gastric 
secretory studies of Robert et al. (1972) using 
histamine and carbachol. They found that if the 
gastric juice produced was removed through an open 
gastric cannula, the incidence of duodenal ulcers 
produced decreased by 60 per cent, and if sodium 
bicarbonate was perfused through the oesophagus 
the duodenal ulceration was totally prevented. 
Furthermore, the gastric secretory inhibitors prosta- 
glandin E, (Robert et al., 1971), secretin (Stanley 
et al, 1972) and metiamide (Konturek et al., 1974) 
decreased the incidence of duodenal ulcers. 

With the increase in the duration of infusion and 
doses of pentagastrin and carbachol there was an 


Table 11: PRODUCTION OF DUODENAL ULCERS IN RATS BY SUBCUTANEOUS INFUSION OF GASTRIC 


P, 2 ug kg min, + 
C, 0-4 ug kg? min~ 


24h 


SECRETAGOGUES 
Saline 
6-48 h 
No. of rats 34 30 
Duodenal lesions 
incidence of duodenal ulcers (7%) 0 53 
Mean severity 0-5 0 
Mean No. ulcers/rat 0 
Ulcer index score 0 8-3 
Perforation (°4) Q 16 
Mortality (4) 0 0 


Distribution of ulcers in duodenum 
First part only 30 
First and second parts 0 
First, second and third parts 0 


Pentagastrin (P)+-carbachol (C) 


P, 4 ug kg mini, -+ 
C, 0-8 ug kg min-* 


48h 6h i2h 18h 24h 
30 30 30 30 30 
90 3 32 78 100 
35 1-4 25 3°9 5 
0-6 0-1 0-5 p3 23 
13-1 1-8 6-2 13-0 18-3 
17 9 4 13 at 
7 0 0 0 T 
26 30 28 23 15 
+ 0 2 6 10 
0 0 Q 1 5 











220 S. N. Joffe et al. 


increase in the incidence, severity, number, duodenal 
ulcer index score, caudad distribution, perforation and 
death from peritonitis. In the latter cases, excessive 
gastric juice was found in the peritoneal cavity with 
evidence of a generalized peritonitis affecting the 
abdominal organs. It would appear that the gastric 
juice with its highly digestive ability could not be 
sufficiently neutralized to prevent tissue damage. This 
resulted in ulcers forming not only in the first part of 
the duodenum, but extending into the second and 
third parts during the 18- and 24-hour stimulation, 
as in the Zollinger--Ellison syndrome. 

{t is of particular note that the ulcers were present 
in the duodenum only. Although Robert et al. (1970) 
found gastric ulcers in animals with peritonitis 
subsequent to perforation which were probably due 
to stress, these were not found in the present study. 
Why the stomach did not show ulceration whereas the 
duodenum did is not explained. The gastric mucosal 
barrier, if it exists in the rat as it does in the dog 
(Davenport, 1964, 1974), may remain intact in the 
conditions of this experiment, despite excessive 
gastric secretion. 

Investigation of the natural history of duodenal 
ulcers induced by pentagastrin and carbachol has 
shown that healing begins on the first post-infusion 
day and by the following day some have already 
developed a normal mucosa. After the fifth post- 
infusion day the lesions remaining have several 
histological features similar to the human chronic 
duodenal ulcer, and by the twelfth day no ulcers are 
seen (Gaskin et al., 1975). 

The results presented here suggest that this method 
of producing selective duodenal ulcers in the rat may 
provide a model for the study of anti-ulcer drugs. 
Preliminary results with two gastric secretory 
inhibitors tend to support this statement. Pfizer UK- 
9040, which is an analogue of the antihistamime 
triprolidine, and GIH secretin have been found to 
inhibit the production of these gastric secretagogue- 
induced duodenal ulcers (Joffe and Ferrie, 1976; 
Joffe et al., 1976). 
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Penetrating airgun injuries of the head 


M. D. M. SHAW AND S. GALBRAITH* 


SUMMARY 

Five cases of intracranial airgun injuries are presented. 
The accepted principles of treatment of a compound 
depressed fracture of the skull are easily overlooked in 
these patients because of the rarity of the injury and the 
apparent well-being of the patient, who is usually fully 
conscious with only a small scalp laceration. 


THE management of gunshot wounds of the head has 
been periodically reviewed by military surgeons 
during successive wars: the Second World War 
(Gillingham, 1947; Small and Turner, 1947), the 
Korean War (Lewin and Gibson, 1956; Meirowsky, 
1966) and most recently the Vietnam War (Carey et al., 
1974). With the exception of Northern Ireland, such 
injuries are rare in neurosurgical practice in peace- 
time Britain. The few that occur are mostly due to 
either accidental shootings or suicide attempts, and 
involve airguns rather than rifles or revolvers. These 
present somewhat different problems from those of 
military injuries and appear not to have been discussed 
previously. We report here the only 5 cases of intra- 
cranial airgun pellet injuries managed over the past 
8 years in the Institute of Neurological Sciences, 
Glasgow. This serves as a secondary referral centre for 
head injuries requiring neurosurgical care from a 
population of approximately 3 million, and admits 
about 300 such patients annually. During the period 
under review only one other gunshot wound was 
treated in the Institute, namely a -45 revolver bullet 
injury inflicted during a gangland revenge execution. 


Patients 

All the patients were male and 3 were under the age of 
16 (Table D. One was a suicide attempt and the others 
were accidental. The range was less than 4 feet in 4 
cases and unknown in the other. In 2 cases the entry 
wound was in the upper eyelid, but in neither was the 
globe damaged, in 2 cases entry was through the fore- 
head and in the remaining case the pterion. The pellet 
was in, or closely related to, the ventricle in 2 cases, 
extradural deep to the pterion in 1 case, in the frontal 
lobe in 1 and in the other was suprasellar (located in a 
sling consisting of the right optic nerve medially, the 
carotid artery laterally and the anterior cerebral artery 
superiorly, Fig. 1). All 5 patients were initially well 
following their injury, only one having been rendered 
unconscious for a short period of time. Each had a 
small clean puncture wound giving the impression of a 
relatively trivial injury, yet 2 died and 1 is permanently 
disabled. Two of the 3 patients had an acute intra- 
cranial haematoma; one was subdural and was 
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considered to be significant in terms of occupying 
intracranial space. One fatal case survived two epi- 
sodes of meningitis only to die 19 months after injury 
when an abscess around the pellet ruptured. 


Discussion 

It is clear that the initial impression of a relatively 
trivial injury proved deceptive to staff who were 
unfamiliar with missile injuries ; consequently, débride- 
ment was delayed in the 3 cases who developed com- 
plications. That compound depressed fractures due to 
other causes may likewise be inadequately treated, 
with resulting infective complications, has previously 
been reported (Miller and Jennett, 1968). Penetrating 
airgun injury thus forms another type of ‘talk and die’ 
injury as recently reported by Reilly et al. (1975). 

The commonest causes of death in 359 war casu- 
alties suffering head injuries alone were identified by 
Ascroft (1947) as being neuronal damage 41 per cent, 
infection 40 per cent and haematomas 13 per cent. 
Neuronal damage is an important cause of death in 
high velocity rifle (M16 rifle muzzle energy approxi- 
mately 3500 joules) bullet injuries, because the dissipa- 
tion of the high energies involved results in violent 
stretching and oscillation of the structures distant 
from the penetration track. At close range, shotgun 
injuries can be as destructive, but lower velocity 
weapons, such as revolvers (45 revolver muzzle 
energy approximately 780 joules) or airguns (muzzle 
energy approximately 1-5--14 joules) do not cause such 
extensive destruction. Primary neuronal injury 1s, 
therefore, limited, and whilst it may cause morbidity 
(Case 1, Table I), it is seldom directly fatal unless the 
missile transects some vital structure. 

Infection is an important complication in any com- 
pound injury of the skull, particularly if there is dural 
penetration. There would appear to be two reasons for 
infection after bullet injuries. The first is retention 
within the brain of dirt and non-viable tissue. Ascroft 
and Pulvertaft (1947) showed that the bacterial flora of 
brain wounds, at least in the desert, resembled that of 
hair, particularly of the roots, and Cairns et al. (1947) 
showed that intracerebral infections were all, with one 
exception, related to indriven bony fragments, 
though Small and Turner (1947) found that 3 out of 4 
clostridial abscesses were related to the missile. 
Secondly, late meningitis was usually due to a para- 
nasal sinus fracture with an overlying dural tear 
(Cairns et al., 1947). Guthkelch (1960) emphasized the 
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Table I: CLINICAL FEATURES OF THE PRESENT SERIES 


Initial state 


Entry 
Case Sex Age Range (ft) site Unconscious Signs 
l M 20 3-4 Glabella No No 
2 M 15 3 Orbit No No 
(drowsy) 
3 M 3 — Pterion No No 
4 M 44 Close* Orbit No No 
5 M 13 3 Forehead Yes No 
(<1 h) 


/ 


Pellet 
Site of pellet Complications removed Outcome 
Paraventricular Right hemi- No Right hemi- 
(medial wall paresis and paresis, 
of occipital dysphasia at mental 
horn) 3 h, track disability 
haematoma, 
brain swelling 
Intraventricular Meningitisat48h. No Sudden death 
(became fixed Recurrence from abscess 
in temporal with ventri- at 19 mth 
horn) culitis at 18 mth 
Extradural sphe- Early epilepsy at Yes Death at 36h 
noid wing 7 h. Respiratory 
arrest 4h later. 
Subdural haema- 
toma and brain 
swelling 
High frontal None Yes Full recovery 
Suprasellar None Yes Full recovery 





* Suicide attempt. 
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difficulties that may be experienced in recognizing a 
penetrating fracture in the orbital plate following 
perforation through the upper eyelid. Two of our cases 
had such injuries. 

Small and Turner (1947), analysing 1200 cases of 
missile injuries to the head, found a mortality of 5 per 
cent from infection, which was much lower than the 
31 per cent recorded by Cushing (1918) for the First 
World War. The difference is attributed to a more 
thorough and earlier débridement and to the use of 





Fig. 1. Skull radiographs showing suprasellar pellet and 
small depressed fracture at entry site. a, Lateral view. 
b, Anteroposterior view. 


antibiotics. Gillingham (1947) showed that the inci- 
dence of infection increased rapidly with the passage 
of time from injury to primary débridement (less than 
5 per cent at 24 hours to 25 per cent at 72 hours). In the 
Korean War the incidence of intracranial infection in 
penetrating wounds of the brain was reduced from 
41 per cent to less than | per cent (Meirowsky, 1966) 
by organizing mobile neurosurgical teams ensuring 
Skilled débridement within hours of injury, instead of 
after periods from 1 to 23 days (Harsh, 1965). Small 
and Turner (1947) described 10 cases of meningitis in 
whom bacteria were never isolated from the cere- 
brospinal fluid, even though there was an increase in 
both the protein content and the polymorph response. 
Four of these cases eventually developed gross fatal 
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infective complications. This syndrome occurred most 
commonly in patients with a small area of para- 
ventricular infection, which was associated with either 
retained bony or metallic fragments. The present 
Case 2 fitted this clinical picture very closely during 
both attacks of meningitis. 

Significant intracranial haematomas following gun- 
shot wounds to the head appear to be relatively 
uncommon (Gordon, 1975). Schorstein (1947) found 
83 haematomas which he considered significant in 
2000 cases of missile injury (3 extradural, 12 subdural 
and 68 intracerebral haematomas), though 75 per cent 
of the penetrating small missile wounds had intra- 
cerebral haematomas. Meirowsky (1966) suggested 
that the evacuation of the track haematoma can be 
life-saving, and Lewin and Gibson (1956) felt that it 
might reduce the ultimate neurological deficit. 

The present Case 3 developed early epilepsy in 
addition to an acute haematoma. Caveness (1963), 
reviewing 244 patients with missile injuries of the brain, 
found that the incidence of epilepsy within the first 14 
days was 9 per cent. Late post-traumatic epilepsy was 
reported by Russell (1951) in 43 per cent of patients 
with a gunshot wound of the brain. Caveness (1963) 
found a similar incidence (42 per cent) in the Korean 
campaign. Within 6 months 50 per cent of these 
patients had experienced their first convulsion, and by 
24 months this had increased to almost 80 per cent. 
This is a higher incidence of late epilepsy than the 24 
per cent reported by Jennett (1975) for non-missile 
injuries resulting in a depressed fracture with dural 
penetration. 

Of the 3 patients in the present series who had a 
definitive débridement of the missile track, all sur- 
vived without added morbidity. In 2 of these cases the 
pellet was removed, even though before surgery in 
Case 5 it was felt that the pellet was situated in the 
hypothalamus. It is important always to explore the 
track fully, even in cases where radiographically 
the pellet would seem to be in an inaccessible position 
(Fig. 1). 


Conclusions 

The treatment of airgun pellet injuries should be 
similar to that undertaken for the higher energy 
missile injuries. Though an attempt should be made in 
both types of injury to remove the metallic fragments 
if possible (Meirowsky, 1966) it would appear that it 
is more important to remove the airgun pellet than it is 
to remove a rifle bullet, because the latter develops 
such energy as to be self-sterilizing (Matson, 1948) 
whereas the former does not. We would therefore 
suggest the following régime: 

1. The immediate institution of prophylactic 
antibiotics (Potter, 1974). 

2. Prophylactic anticonvulsant therapy. 

3. Close observation in order to achieve early 
recognition and treatment of a developing mass lesion 
(haematoma), hyperaemia or oedema whilst awaiting 
arrangements for débridement. 
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4. Early débridement of the wound by a neuro- 
surgeon, as advocated for other civilian injuries by 
Miller and Jennett (1968). 
5. A formal dural repair if an internal compound 
fracture (into the air sinuses) is found. 
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Reviews and notices of books 


Total Parenteral Nutrition 
Edited Josef E. Fischer. 235% 155 mm. Pp. 454+ xviii. Illus- 
trated. 1976. Boston: Little Brown. 325. 


Taere have been several books published recently on paren- 
teral nutrition and this multi-author contribution is a welcome 
addition. This is essentially a practical book dealing with 
techniques of administration and patient care. 

The majority of the contributors are from North America. 
The chapters on the preparation of solutions and the organi- 
zation of a parenteral nutrition unit in hospital reflect the 
more detailed and complicated North American approach to 
the delivery of this form of therapy. The section on ambu- 
latory parenteral nutrition by Solassol and Joyeux is most 
interesting, and the case for home intravenous feeding in a 
small number of patients is presented convincingly. The 
results of this extension of the use of intravenous feeding, 
particularly in patients with malignant disease, will be most 
interesting. 

Recent developments in parenteral nutrition are presented 
clearly. The hypothesis that peripheral amino acid infusions 
are very effective in sparing lean body mass is proposed, but 
further work to explain the results presented by Blackburn 
and his colleagues is needed. The section on elemental diets 
indicates that total nutritional care requires the use of the 
alimentary canal when it is available, and complete reliance 
should not always be placed on the intravenous route. The 
chapters on intravenous feeding in hepatic failure and paedi- 
atric patients are particularly useful. Problems of technique 
of administration and complications are also covered effec- 
tively. The contributions in this volume emphasize that 
parenteral nutrition is not something to be carried out casually 
but that a team approach is necessary if patients with alimen- 
tary failure are to receive the maximum benefit. 

This book is really a mixture of previously published work 
by well-known authorities plus a fair amount of new material. 
It can be recommended to anyone seeking answers as to 
which calorie or nitrogen sources should be used in various 
clinical situations. This is a valuable book for surgeons in 
training and would be an important addition to any post- 
graduate library. 

I D. A. JOHNSTON 


Care for the Injured Child 

Surgical Staff of the Hospital for Sick Children, Toronto. 250 x 
180 mm. Pp, 444 +- xviii, Ilustrated. 1973. Baltimore: Williams 
& Wilkins. $28. 


THE mammoth task of presenting the experience in the care 
of the injured child at the Hospital for Sick Children, Toronto, 
was a project conceived by Dr R. B. Salter to celebrate the 
centenary of the hospital in 1975. AH 28 members of the 
surgical staff of the hospital were involved in the production 
of this book, with the help of physicians in the hospital for 
special sections. 

The introductory chapters on the general features of injuries 
in childhood are of a much higher standard than one has 
become accustomed to in a volume of this sort and will repay 
careful reading by the young doctor in an accident and emer- 
gency department. In particular, one would commend the 
emphasis on examining the patient carefully for abdominal 
and thoracic injuries in cases of concussion. In fact, the 
section on head injuries is a model of clear presentation and 
includes useful teaching ideas such as ‘the 6 B priorities -— 
breathing, bleeding, brain, bowel, bladder and bone—in 
reference to the child with multiple injuries. 


Br. J. Surg. Vol. 64 (1977) 225-228 


The forty-six chapters seem to cover every conceivable 
aspect of trauma in childhood, and at first sight some of them 
are so short that they hardly seem worthwhile. The half page 
on anorectal injuries, for example, would seem hardly to 
justify inclusion, but in fact all that is really essential in the 
diagnosis, investigation and management is included in this 
half page. In contrast, the chapter entitled “Gynecologic 
Injuries’ occupies 16 pages, but includes extremely good 
advice about the examination and documentation of cases 
of possible sexual assault. 

There is a very useful chapter on eye injuries which would 
alert the young doctor to the possible serious complications 
of apparently trivial injuries, and the section on facial bone 
injuries is also likely to be of great help. 

In summary, this book is the distillation of many years of 
personal experience by the staff of the Hospital for Sick 
Children, and it describes the methods of management current 
in the hospital at the present time. In this lies its particular 
value, and also in the way that it is presented, both in the 
text and the illustrations, with the clear objective of helping 
the man on the spot—the doctor in the casualty department. 
The authors would not pretend that other surgeons are likely 
to agree with every technique described, but in general the 
advice is so clearcut and sensible that the book should be on 
hand in every accident and emergency department which 
deals with children. 

K. B. ZACHARY 


Shock. Clinical and Experimental Aspects 
Edited lain McA. Ledingham. 240x 170 mm. Pp. 3424 xiv. 
lilustrated. 1976. Amsterdam: Excerpta Medica. $44.25. 


EXPERIMENTAL studies on shock are often criticized by clini- 
cians as having little relevance to the problems they face in 
dealing with shocked patients. This book, the fourth in an 
Excerpta Medica series of monographs in anaesthesiology, 
demonstrates how close the Haison is between the laboratory 
and clinical practice. Virtually all the progress made in the 
management of the various clinical shock problems has been 
on a basis of careful clinical and laboratory measurements. 

The sixteen chapters in this book have been carefully chosen 
to give a balance between theoretical background and clinical 
practice. The book begins with a concise review of the patho- 
physiology of shock, passes through chapters on specific 
points, such as the role of humoral factors in shock and dis- 
seminated intravascular coagulation, and concludes with some 
very good chapters on specific clinical problems, such as septic 
shock, shock in pregnancy and the shocked child. 

It is inevitable in a book such as this that the quality of 
individual chapters will vary, but overall the twenty-two 
contributors have maintained a high standard. The chapter 
on vasoactive agents in the treatment of shock is too super- 
ficial, little data being provided to support statements in the 
text and important drugs such as isoproterenol being dealt 
with in only one page. At the other extreme, the section on 
blood flow, oxygen transport and metabolic rate, whilst con- 
taining much that is of value, is written in a style more suit- 
able for a journal of physiology than a textbook of this nature. 
These are, however, minor criticisms of a book which is 
interesting and informative. Of most importance is the fact 
that it contains practical guidance on how to deal with the 
various shock problems encountered so frequently in clinical 
practice. It can be strongly recommended for use by surgeons, 
anaesthetists, clinical physiologists and all who may have to 
deal with patients in shock. 

M. IRVING. 








226 Reviews and notices of books 


Biocompatibility of Implant Materials 
Edited David Williams. 250x 155 mm. Pp. 220. Illustrated. 
1976. Tunbridge Wells: Pitman. £8. 


Tuts book, which is nicely produced, well edited and easy to 
read, consists of papers presented at an international confer- 
ence on materials for use in medicine and biology held at 
Churchill College, Cambridge, in July 1974. 
it is divided into five parts—wear factors, stability of joint 
prostheses, special problems, adhesives and blood compati- 
bility-—-with roughly five papers in each section, making a 
total of twenty-six chapters, each consisting of about six 
pages. Every section is introduced by a summary to com- 
pensate for the lack of discussion between contributors. The 
book will mainly be of interest to orthopaedic surgeons and 
bio-engineers, for it brings together the views of experts in 
this expanding field from Europe and the United States. Ik 
is difficult to pick out any single chapter for special mention 
because the standard of all is high and there are ample well- 
produced illustrations. Hence, it is recommended as a useful 
source of information for everyone working with implants. 
JAMES CALNAN 


lleostomy. Surgery, Physiology and Management 


New York: Grune & Stratton. $15.75. 


ILEOSTOMY is important in many ways, for not only has it 
entirely altered the prognosis of ulcerative colitis since the 
invention of the adherent bag in 1944, but in the ensuing 
thirty years the development of techniques for fashioning the 
stoma and of appliances and adhesives has revolutionized 
stoma care generally, to the advantage of colostomists and 
patients requiring external urinary diversion. For ileostomy 
to succeed Its management had to be efficient in every minute 
detail; whereas life with a colostomy is tolerable without 
special care, any patient unable to master the details of ileo- 
stomy management is disabled. So attention and invention 
were concentrated upon ileostomy management where they 
had previously been lacking as regards colostomy. Much of 
the impetus and many of the ideas came from ileostomists 
themselves—a unique and shining example of the value of 
feedback from patients into medicine and, indeed, nursing. 
lleostomy thus became the pacemaker and its success in the 
intestinal field led to its acceptance as a urinary conduit and 
improvements in colostomy management. 

Success with a stoma therefore depends upon attention to 
detail before, during and after operation. Graham Hill has 
grasped this fact and his monograph is admirable in this 
respect and in the comprehensive review of the various opera- 
tions and possible complications. It is limited to the intestinal 
conduit and bids fair to being the best work yet on the subject. 
The historical prelude (Chapter 1) is of considerable interest, 
but is not quite the last word. 

B. N. BROOKE 


Scientific Foundations of Urology, Volume 1 

Edited David Innes Williams and Geoffrey D. Chisholm. 280 x 
220 mm. Pp. 374+ xiii. Illustrated. 1976. London: Heinemann. 
£18, 

Tris book is a new and most interesting contribution not only 
to urology but also to nephrology. The rapidly increasing 
knowledge of these subjects, particularly of physiology and 
pathology, was the motivating factor behind the production 
of this volume. The completed production will be in two 
volumes. Volume | deals mainly with renal disorders, infec- 
tion and calculi, with a section on tissue response and tissue 
replacement. 

There are 52 contributors, each a recognized authority on 
his own subject, representing the laboratory disciplines as 
well as physicians and surgeons. It is refreshing to see that 
the anachronism of separating medical disorders from surgical 
conditions is avoided. It may be said that this volume con- 
tains more nephrology than urology, but is equally accept- 
able to both specialities. The list of references is very complete. 


The publishers are to be congratulated on the quality of 
this production. The text is well set out and easy to read and 
the reviewer has seldom seen such a high quality of reproduc- 
tion of X-rays and drawings. 

This book will prove a constant source of reference to 
every urologist and nephrologist, both consultant and trainee. 
Because of the quality of production it is considered very 
moderately priced, 

W. SELBY TULLOCH 


Tissue Banking for Transplantation 
Kenneth W. Sell and Gary E. Friedlaender. 255 x 180 mm. 
Pp. 257, illustrated. 1976, New York: Grune & Stratton. $14.50. 


THis book is a hardback reprint of an issue of Transplantation 
Proceedings of a Tissue Bank Symposium held in August 1975 
in Washington and organized by the United States Naval 
Medical Research Institute and the American Institute of 
Biological Sciences. It consists of a number of short papers 
which cover a very wide field but concentrate mainly on 
dead structural grafts, the banking of which has been de- 
veloped for a long time in a number of countries. There are 
reports from several countries of experiences in tissue banking 
and of the use of preserved structural grafts in orthopaedic 
surgery, dentistry, cardiac surgery and ophthalmology. Preser- 
vation of living tissues for transplantation is included although 
the presentation is rather short and superficial. The legal 
aspects of tissue banking in America and the definition of 
death are also discussed. 

It is clear that human semen, marrow and cornea can be 
kept for long periods at subzero temperatures. This would 
appear to depend on the ease of access for cryoprotective 
agents such as glycerol and DMSO which prevent damage 
from osmotic changes and ice crystals. It has proved to be 
very difficult to use similar techniques for preserving whole 
organs, such as the kidney, and no satisfactory practical 
method has yet been developed. 

Because of the diversity of the subjects included in this 
volume it would be most valuable as a short reference book pro- 
viding stimulus and easy access to further reading. It could 
also serve as an introduction to the subject of tissue banking 
for those considering working in this field. 

R. Y. CALNE 


Fundamentals of Vascular Radiology Robert I. White jun. 
255x 175 mm. Pp. 151. Illustrated. 1976. London: Kimpton. 
£8-45, 


Tuts slim volume of 151 pages concerns itself primarily with 
the technique of all major forms of angiography, arterial as 
well as venous, and with the instruments, materials and 
apparatus used fo~ them. It also deals with the indications 
for these examinauons and with the patient management 
before, during and after the studies. No attempt is made to 
describe angiographic appearances and diagnosis, apart from 
providing a very adequate list of almost entirely American 
references at the end of each chapter and sub-chapter. 

The understanding of catheterization methods ts facilitated 
by a wealth of diagrammatic explanation, all clearly based 
on personal experience. It is understandable that unusual and 
intricate forms of examination such as thyroid venous samp- 
ling have been omitted; however, no mention is made of 
transhepatic portal catheterization even though quoted refer- 
ences Include the year 1974. 

This book is primarily designed for the trainee angio- 
grapher, and in this field it answers a great need. The author 
Stresses the importance of involving both the clinician and 
radiologist in deciding the need for and the method of an 
angiographic examination in an individual patient. In this 
sense the Information so clearly made available in this book 
ought to be of interest to medical and surgical clinicians who 
use angiography in their patient management. 

The reviewer has greatly enjoyed reading this volume and 
has learnt from it at the same time. He cannot think of any 
other publication which contains so much in so little. 

H. HERLINGER 


\ 


Clinical Otolaryngology and Allied Sciences, Volume 1, Number 
1, 1976 

Edited P. M. Stell and A. D. Cheesman, 250 x 190 mm. Pp. 99. 
Illustrated. 1976. Oxford: Blackwell. Annual subscription £15, 


To the uninitiated and the unimaginative it must appear near 
financial suicide to launch a new specialized journal at this 
time of national and international uncertainty. Yet, on more 
sober reflection, there is probably never a really right time for 
such a venture and certainly no sure way of predicting its 
future fortunes. Providing the publishers are not impatient 
for profit, the editors remain enthusiastic and their editorial 
board active, then even well-established competitors must 
look to their laurels, for complacency has been the downfall 
of many publications which have enjoyed the apparent security 
of regular patronage for decades. There are but a handful of 
otolaryngological journals published in English and most 
have been established for many years. Some have recently 
undergone a welcome change in attitude and style, usually 
associated with the appointment of a new editor, but as yet 
such renovations have not applied to the two European repre- 
sentatives. Perhaps it is a deficiency which has prompted the 
appearance of this new quarterly publication, for it is certainly 
orientated towards Europe and brings a most welcome new 
look to the world of ENT. 

As might be expected, the first number is almost experi- 
mental and it would be both unfair and meaningless to com- 
ment on the contents except to say that the quality of both 
the paper and illustrations exceeds anything in this field at 
present. The two editors have clearly defined their policy; 
now they have to ensure a regular supply of high quality 
original articles. There are no guidelines for this, but with the 
lengthy delay in publication and the decreasing quality of 
reproduction now found in most of their competitors, an 
opportunity ts clearly available. 

As a voracious reader of medical publications—-surely one 
definition of masochism---the reviewer is sure that the real 
strength of any clinical journal Hes in the original contribu- 
tions. Correspondence columns, review articles and similar 
niceties are really only the gilt on the gingerbread, and good 
gingerbread is scarce. 

Despite this note of pessimism this is a nicely produced 
publication, reasonably priced and with a favourable chance 
of long term success although probably only at the expense 
of one of its established competitors. 

D. F. N. HARRISON 


Congenital Malformations of the Heart 
Daniel A. Goor and G. Walton Lillehei. 255 x 175 mm. Pp. 430 
--xeviti. Ilustrated. 1975. New York: Grune & Stratton. $32.50. 


THis publication represents the most recent of a series of 
books on a rapidly extending area in the field of cardiac 
surgery, that is, complex congenital heart disease. It is fitting, 
therefore, that approximately 100 pages or about a quarter 
of the total volume is devoted to detailed embryology and 
the anatomy of the various cardiac malformations. 

The text is well written, erudite and well illustrated and 
each chapter is followed by an entirely adequate bibliography. 
For the serious student of congenital heart disease it offers 
excellent in-depth background reading. However, practical 
surgery is rather lightly touched upon and receives perhaps 
less space than it deserves. The various surgical techniques 
described probably do not always represent the management 
as practised by cardiac surgeons involved with these problems 
on a day-to-day basis. This may well be deliberate policy, as 
the authors point out in the preface that they ‘have purposely 
avoided a step by step description of each repair’. Looked 
at in this ight and as a reference source to be used in con- 
junction with more conventional textbooks of surgery, this 
is an admirable presentation. 

In view of the evident surgical interest in the correction of 
single or primitive ventricle, common atrium and Ebstein’s 
and tricuspid atresia it is surprising not to find these subjects 
discussed. 

DONALD ROSS 
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Symposium on Tendon Surgery in the Hand 

American Academy of Orthopedic Surgeons. 250 x 170 mm. Pp. 
336, with 388 illustrations. 1976. London: Kimpton, £17-90, 


Tuts book of twenty-nine chapters is a record of the forty-one 
contributions to the Philadelphia hand symposium entitled 
‘The hand—a decade of tendon surgery’ that took place in 
1974. 

It is suggested in the preface that the appendix—a paper 
written by Sterling Bunnell in 1922 on the repair of tendons 
in the fingers—-should be read first. This provides a backcloth 
to our present concepts and a yardstick to measure the pro- 
gress that has been made since then. 

itis rare to find a book which contains so much information 
on each particular aspect of tendon repair so adequately dealt 
with by an acknowledged expert. It is a superb collection of 
papers, and one which everyone interested in hand surgery 
should possess. 

Having read it from cover to cover, the reader will no doubt 
agree with Sterling Bunnell, who in 1922 said that ‘one of the 
most baffling problems in surgery is to restore normal function 
to a finger in which the tendons have been injured’. Times 
have not changed a great deal. Selling at £17-90 the book is 
not expensive. 

DONAL BROOKS 


An Introduction to the Operating Theatre 
Eileen P. Dixon. 215 * 135 mm. Pp. 51+ ix, with 21 illustrations. 
1976. Edinburgh: Churchill Livingstone, £1:25, 


‘THIS book is intended as a guide for the different grades of 
learners in the theatre.’ Written by a teacher of nurses, this 
is a slim paperback which contains 17 pages about what is 
done in an operating theatre, the tasks of nurses and orderlies 
in the anaesthetic room, theatre and recovery room and the 
principles of scrubbing-up. The second half of the book is 
devoted to lists and illustrations of commonly used surgical 
instruments. 

A student nurse or a new theatre orderly would find this a 
useful book to read before entering an operating theatre and 
should benefit from the emphasis given to the sympathetic 
care of the conscious patient and vigilant skilful attention to 
the unconscious one. The emphasis given to the pre-eminent 
position of the surgeon seems a little dated, now that we 
recognize that each person who works in theatre is a member 
of a team. There may be doubts about the value of the lists 
of instruments because these vary so much between different 
hospitals and surgeons. 

P. F, JONES 


Lecture Notes on Urology 
John Blandy. 235 x 210 mm. Pp. 326. Illustrated. 1976. Oxford: 
Blackwell. £5-60. 


I REALLY cannot praise this book enough. It is excellently 
written, excellently illustrated and excellently produced. It is 
much more than its modest title, Lecture Notes on Urology, 
would suggest. It is a textbook of urology and nephrology 
suitable for the undergraduate medical student, which will 
give him in concise form all the basic facts that he needs and 
stimulate him to maintain a lasting interest in these subjects. 
Postgraduates whe become involved in urology in any way 
will also find it useful when they wish to revise their know- 
ledge of the subject. 

The best thing about this book is the amusing, even light- 
hearted, yet clear way in which it is written, so that it is a 
pleasure instead of a chore to read it from cover to cover. 
The views expressed are sound common sense. Urologists, 
being surgeons, tend to be individualists, yet few will quarrel 
seriously with this presentation. At the end of each chapter 
there is a useful list of references of suggested further reading. 

John Blandy is a great writer, but he also has another 
inestimable gift—he is a skilled artist. The delightfully clear 
line drawings, not to forget the caricatures, which so profusely 
illustrate this book are a joy and contribute considerably to 


its undoubted value. 
PHILIP CLARK 
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Book notices 


[The Editorial Committee acknowledge with thanks the receipt of the following volumes. A selection will be made from these for 
review, precedence being given to new books and to those having the greatest interest to our readers.] 


Teaching Children with Development Problems 

K. E. Barnard and M. L. Erickson. Second edition. 230% 
155 mm. Pp. 182-+xii, Hlustrated, 1976, London: Kimpton. 
£385. 


Principles of Clinical Electrocardiography 
Mervin J. Goldman. Ninth edition. 260 x 180 mm, Pp. 412. 
illustrated, 1976, Los Altos, Calif.: Lange. 310. 


In the Name of Life. Reflections of a Soviet Surgeon 
V. V. Kovanov. 200 x 130 mm. Pp. 327. 1976. Moscow: Progress 
Publishers. £1-30. 


Complications in Foot Surgery. Prevention and Management 
Edited Ben Hara et al. (American College of Foot Surgeons.) 
255 x 180 mm. Pp. 235+ xviii. Hlustrated. 1976. Baltimore: 
Williams & Wilkins. $22.50. 


Aids to the Examination of the Peripheral Nervous System 
Medical Research Council, London. 245x 155 mm, Pp. 61-+- vi, 
with 90 illustrations, 1976. London: HMSO. 80p. 


Transactions of the American Association of Genito-urinary 
Surgeons, Volume LXVII, 1975 

280 x 215 mm. Pp. 133. Ilustrated. 1976, Baltimore: Williams 
& Wilkins. $15. 


Review of Medical Microbiology 

Ernest Jawetz, Joseph L. Metinick and Edward A. Adelberg. 
Twelfth edition. 260 = 185 mm. Pp. 542. Hlustrated. 1976, Les 
Altos, Calif.: Lange. 310. 


Cell Surfaces and Malignancy 
Edited Peter T. Mora et al. 230 135 mm. Pp. 2934- xe. Hus- 
trated, 1976, Bethesda, Md: DHEW. No price given. 


Symposium on Osteoarthritis 
American Academy ef Orthopedic Surgeons. 250 x 175 mm. 
Pp. 312+ xi. Hlustrated. 1976. London: Kimpton. £21-10. 


Urological Radiology of the Adult Male Lower Urinary Tract 
R. W. McCallum and V, Colapinto. 250 x 173 mm. Pp. 3358 +- 
xe. Hlustrated. 1976. Springfield, HI.: Thomas. $35.50. 


Medicine in Chinese Cultures. Comparative Studies of Health 
Care in Chinese and Other Societies 

Edited Arthur Kleinman, Peter Kunstadter, E. Russeil Alexander 
and James L. Gale. 230 x 155 mm. Pp. 803. 1976. Bethesda, Md: 
DHEW., $11. 


Principles of Surgery 
D. J. du Plessis, Second edition, 215 x 140 mm, Pp. 186+ vi. 
1976. Bristel: Wright, £3. 


Chest Injuries. A Guide for the Accident Department 
G. Keen. 220% 140 mm. Pp. 186, with 78 illustrations. 1975, 
Bristal: Wright. £7. 


Community Medicine in England and Scotland 

US Department of Health, Education and Welfare. 230% 
150 mm, Pp. 804-x. Ilustrated. 1976. Bethesda, Md: DHEW., 
No price given. 


A Surgical Diversion 

Edited T. K. Clarke. 260 x 185 mm. Pp. 53, with 10 illustrations. 
1976. Wakefield & District Postgraduate Medical Centre. No 
price given, 


Progress in Surgery. Volume 14 

Edited M. Allgéwer. S. E. Bergentz, R. Y. Caine and U. F. 
Gruber, 245 x 175 mm. Pp. 191, Hlustrated. 1975, Basle: Karger. 
SFr.92, 


Gastric Surgery and the Dumping Syndrome. The ‘‘Mirror- 
image” Concept 

Leon A. Frankel. 250% 175 mm. Pp. 340+x. Illustrated, 1975. 
Springfield, IH: Thomas, $45.50, 


Les Fistules Externes de Intestin Gréle 
P. Maillet, G. Edelmann and J. Tremoliéres. 240 x 160 mm. 
Pp. 144, with 2 illustrations. 1975. Paris: Masson. S3F. 


Atlas of Vaginal Surgery. Surgical Anatomy and Technique, 
Volumes 1 and 2 
Gunther Reiffenstuhl and Werner Platzer. 280 x 215 mm, Pp. 
733-+-xxvlii, with 371 illustrations. 1975. Philadelphia: Saunders. 
No price given. 


Statistical Reference Book of International Activities. Fiscal 
Year 1975 
315x190 mm. Pp. 40+ vii. 1976. Bethesda Md: DHEW. No 
price given. 


Basic and Clinical Immunology 

Edited H. Hugh Fadenberg, D. P. Stites, J. L. Caldwell and 
J. V. Wells. 260 x 180 mm. Pp. 653. Ilustrated. 1976. Los Altos, 
Calif.: Lange. $12.50. 
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Sclerosing peritonitis due to practolol: a report 
on 9 cases and their surgical management* 


W. K. ELTRINGHAM, H. J. ESPINER, C. W. O. WINDSOR, D. A. GRIFFITHS, 


J. D. DAVIES, H. BADDELEY, 


SUMMARY 

Nine patients with an unusual and serious intra- 
abdominal complication of the beta-adrenergic blocking 
agent practolol seen since 1973 are reported. The 
striking and bizarre peritoneal changes induced by the 
drug have distinctive features that are not shown by 
other forms of peritoneal disease. 

The cases presented with small bowel obstruction, 
usually chronic in type and often associated with 
profound weight loss and an abdominal mass. Charac- 
teristic radiological features were present. The abnor- 
malities at laparotomy were impressive, with a gross 
proliferation of the visceral peritoneum which formed 
a dense white cocoon which encased, constricted and 
markedly shortened the small bowel, usually from the 
duodenojejunal flexure to the ileocaecal valve. The 
obstruction was relieved by mobilizing the small bowel 
from the ensheathing tissue. Restoration of alimentary 
function after surgery was delayed but the long term 
result was satisfactory with full relief of symptoms and 
the absence of recurrent obstruction during the follow-up 
period. 

This complication may arise after treatment with the 
drug has been stopped, and although long term oral 
therapy has been discontinued, further cases will 
almost certainly present for some time to come. 


AGENTS with the ability to block beta-adrenergic 
receptors were introduced into clinical practice in 
1963 and have been extensively used since that time to 
treat cardiac arrhythmias, angina pectoris and hyper- 
tension, together with other conditions produced or 
exacerbated by excessive or inappropriate sym- 
pathetic activity. Pronethalol (Alderlin) was the first 
drug used (Alleyne et al., 1963) but following reports 
that it produced tumours in animals (Paget, 1963) it 
was replaced by propranolol (Inderal) (Black et al., 
1964; Keelan, 1965; Rowlands et al., 1965). Practolol 
(Eraldin) (Fig. 1), which has a marked selectivity for 
beta-adrenergic receptor sites in the myocardium, 
was introduced in 1970 following successful clinical 
trials (Gibson et al., 1968; Sowton et al., 1968) and 
has been widely used both in Britain and in Europe 
(but not the United States of America) since that time. 

Although a very effective therapeutic agent, 
reports of its toxic effects soon began to appear. 
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Fig. i. Practolol (Eraldin. ICI 50 172). 


Skin reactions—-micropapular, eczematous and urti- 
carial rashes—were reported in 1971 (Wiseman, 1971) 
and in 1972 exfoliative dermatitis (Rowland and 
Stevenson, 1972) and psoriaform eruptions (Zacharias, 
1972} were described. A syndrome similar to lupus 
erythematosus with fever, polyarthritis and an ery- 
thematous rash associated with positive results of 
tests for LE cells and anti-nuclear factor was reported 
by Raftery and Denman in 1973. Ocular damage was 
reported in 1974 by Felix et al. and confirmed in 
1975 by Wright, who also recorded deafness, tinnitus 
and ulceration of the oral and nasal mucosa. 

The purpose of this paper is to report some of the 
first cases of a serious complication of practolol 
therapy of surgical importance—a sclerosing process 
affecting the peritoneum-—seen during the past 
3 years. 


Patients 

Five of the patients were male and 4 female; their ages ranged 
from 52 to 74 years (mean 63 years). They had received oral 
practolol 200-400 mg daily for periods of 15-43 months (mean 
28 months} for a variety of cardiac disorders (Table I) In 3 
patients (Cases 1, 8 and 9} propanolol had been administered 
prior to practolol therapy. 


* Based on a paper presented at the Annual Meeting of the 
Association of Surgeons of Great Britain and Ireland in 
April 1976, 

+ Bristol and Worcester Royal Infirmaries. 

Requests for reprints to W. K. Eltringham, Bristol Royal 
Infirmary, Bristol. 





W. K. Eltringham et al. 
Table I: PATIENTS AND DRUG DATA 


Duration of 


Interval between . 


cessation of 


Dose of practolol practolol therapy Reason for 6-blocker 
Case practolol therapy and onset of practolol substituted for 
No. Age Sex (mg/24 h) (mth) symptoms (mth) withdrawal practolol 
i 63 F 200-300 22 0 abet pe 
2 62 F 200 15 8 Toxic effect on skin None 
3 74 F 300 36 0 e SS 
4 56 F 200-300 32 0 sams ma 
5 65 M 300 28 0 iss ray 
6 53 M 300 36 0 — sa 
4 52 M 300 17 J Toxic effect on skin Oxprenolol 
and eyes 
8 64 M 300 43 8 Toxic effect on eyes Oxprenolol 
and mucous 
membranes 
9 73 M 400 24 2°5 Potential danger of Sotalol 
practolol recognized 
Mean 62:5 — — 28:1 6-4 ~— _ 
Table H: CLINICAL DATA 
Other 
Type of manifestations Date of Interval between 
Case small bowel Abdominal of toxicity first Date of first symptom 
No. Symptoms obstruction mass Skin Eyes symptom operation and operation 
I Initial nausea, then vomiting Chronic + — — Feb. 73 Aug. 73 6 mth 
and weight Joss. No pain 
2 Initial nausea and occasional Chronic -f -+ ~ Dec. 73 May 74 3 mth 
vomiting. Later vague upper 
abdaminal discomfort 
3 Recurrent abdominal colic and Chronic — + + Jan. 74 Sept. 74 9 mth 
vomiting. Later developed 
diarrhoea and weight loss. 
Increased appetite 
4 Intermittent lower abdominal Acute on + 4 + March 74 Oct. 74 6 mth 
pain eased by defaccation. chronic 
Later associated with 
vomiting 
5 Occasional nausea and Chronic men -j + April74 March 75* {1 mtht 
vomiting. No pain 
6 Vague epigastric discomfort, Chronic + — — Aug. 74 Sept. 75 13 mth 
anorexia and weight loss. 
Later large vomits 
7 Mild generalized abdominal Acute on -+ -4 -+ April 75 May 75 I mth 
pain and flatulence. Then chronic 
colic and vomiting G d} 
8 Colic and vomiting Acute ~ +- - June 75 June 75 10d 
9 Colic and vomiting Acute — —— —~ Sept. 75 Sept. 75 5d 


* Admitted in extremis and died; no operation. 
t Interval between first symptom and death. 


In 4 cases practolol had been discontinued because of toxic 
effects involving the eyes, skin or mucous membranes, or 
because the potential danger of the drug was recognized, 
2-5-8 months before the onset of gastro-intestinal symptoms. 
Three of these patients had received treatment with an alter- 
native beta-adrenergic blocking drug (oxprenalol or sotalol 
from the time practolol was stopped until symptoms com- 
menced; the fourth received no other beta-blocking drug 
during this time. The remaining 4 patients were being treated 
with practolol up to and beyond the time of the appearance of 
the first gastro-intestinal symptoms. 


Clinical features and investigations 
The clinical data for the 9 patients are given in 
Table l. 


Intestinal obstruction 
All the cases developed small bowel obstruction. 
Chronic obstruction was present in 5 cases, acute 


on chronic obstruction in 2 and acute obstruction 
in 2. In 7 cases, therefore, the initial symptoms 
were due to slowly developing small bowel ob- 
struction. 

Intermittent anorexia, nausea and vomiting with 
or without abdominal pain were the most common 
early symptoms; later, vomiting became more marked 
and frequent but the degree of pain remained very 
variable, Some had recurrent small bowel colic, 
others little or no abdominal pain even when severe 
obstruction was present. Changes in the bowel habit 
were inconstant. Because the early symptoms were 
variable and vague, and before the classic features of 
obstruction were evident, misdiagnoses were common. 
Abdominal colic and bile-stained vomiting suggested 
gallbladder disease in Case 3 and a cholecystectomy 
was performed (gallstones were in fact present), but 
the symptoms were unaffected. Dyspeptic symptoms 


and large offensive vomits suggested pyloric stenosis 
in Case 6, 

The time interval between the first symptom and 
the need for operation (or death in Case 5) in cases 
with chronic or acute on chronic obstruction was 
between 1 and 13 months (mean 7-3 months). 

Cases 8 and 9 presented with acute small bowel 
obstruction with no previous abdominal symptoms. 

The physical signs were those of intestinal obstruc- 
tion, and in cases with long-standing chronic obstruc- 
tion, visible peristalsis, borborygmi, a succussion 
splash and sometimes distension were well-marked 
features. 


Weight loss 

Loss of weight was a feature of the cases presenting 
with chronic obstruction. Accurate weight recordings 
were only available in 5 of the 7 cases with chronic 
obstruction (Table II), the average weight loss prior 
to surgery being 25-9 per cent of their normal body 
weight. The maximum loss was 40 per cent (Case 6) 
with a fall from 77-1 kg to 46kg over a 13-month 
period (Fig. 2). 


Abdominal mass 

An abdominal mass or masses were present in 5 cases 
(Table ID. The site of the mass was variable (Fig. 3) 
as was its size, but in some cases the mass reached 
striking proportions (Fig. 4). The masses mimicked 
other lesions and caused errors in diagnosis, especially 
in the patients who presented early in the series before 
the association of practolol and sclerosing peritonitis 
was known. Cases | and 2, with lower abdominal and 
pelvic masses, were originally thought to have 
uterine or ovarian tumours; bilateral loin swellings 
suggested renal lesions (Case 7) and a swelling in the 
left hypochondrium resembled splenomegaly (Case 4). 


Other features 

Malabsorption with diarrhoea and bulky, pale, 
offensive, floating stools developed in Case 3 with a 
faecal fat excretion of 14-5 g/24 h. None of the other 
cases with chronic obstruction had malabsorption. 


Associated lesions 

Other toxic manifestations of practolol therapy— 
involvement of the skin, eyes or mucous membranes 
(Case 8 only)-—were present in 6 patients (Table II) 
and they preceded the onset of gastro-intestinal 
symptoms, usually by several months. 

In the remaining 3 cases (Cases 1, 6 and 9) the onset 
of abdominal problems was the first indication of 
toxicity. Chest complications, pleural or lung disease, 
were noted in 8 cases. 


Laboratory investigations 

Laboratory investigations were unhelpful. Blood 
counts were normal with no leucocytosis or dis- 
tinguishing features. The sedimentation rate (or 
plasma viscosity) was estimated in 8 cases as being 
normal in 3 and elevated in 5. The mean ESR in the 
3 cases where it was raised was 26mm in | hour 
(range 22-31 mm); the mean plasma viscosity in 2 
cases where it was raised was 1-98 mPas (upper limit of 
normal in laboratory, 1-72 mPas). Cases of chronic 
obstruction with malnutrition had hypo-albuminaemia 
and electrolyte abnormalities. 
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Table HI: WEIGHT CHANGES IN CASES WITH 
CHRONIC OBSTRUCTION 
Lowest 
recorded 
Normal preop. Final 
Case weight weight Loss weight Change 
No. (kg) (kg) (% (kg) Co 
l 662 Sil 22-8 64-6 24 
2 66-2 568 15-7 64-2 3-2 
3 69-9 44-5 36-0 52-6 22-9 
4 677 57-7* 14-8 —F _ 
6 771 46-0 40-0 75-4 22 
Mean 69-4 $1.2 25-9 en 


Cases 3 and 7-—insufficient data available for inclusion in 
the table. 

* Six weeks preop. Weight fell further after this but was not 
accurately recorded. 

+ Died on fourth postoperative day. 


Radiology 
Plain abdominal X-rays: These were carried out in 8 
of the 9 patients. The features of small bowel obstruc- 
tion were present with gas/liquid levels and variable 
degrees of distension. 
Barium examination of the small bowel: This was 
performed (600 m! Baritrop) in 5 of the 7 patients 
with chronic obstruction. There was dilatation of the 
whole length of the small bowel. The entire duodenum 
was grossly dilated in all cases, the average transverse 
diameter of the second part being 76cm (range 
6:°5~-8-5 cm). Marked jejunal dilatation was present, 
the mean maximum transverse diameter being 5-2 cm 
(range 45-65cm). Less marked dilatation was 
present in the ileum, the mean maximum transverse 
diameter being 40cm (range 3-5-4-5 cm). Delayed 
transit of barium was a constant finding, with an ~ 
average time of 5-2 hours to the caecum (range 
3-5-8 hours); upper limit of normal approximately 2-5. 
Loss of mobility of the small bowel loops to external 
palpation was present. In some cases the tethered 
loops were rigidly fixed in position forming an intra- 
abdominal cocoon. Individual loops of bowel were 
separated one from another by tissue several milli- 
metres in thickness; a characteristic feature in several 
cases was a concertina-like deformity, giving the small 
bowel a sacculated outline like that of the normal 
colon. 
Chest X-rays: Eight of the 9 cases had demonstrable 
abnormalities—pleural thickening or effusion, or 
lesions of the lung parenchyma. 


Management 


Medical 

Steroids were administered to Case 6 for a period of 
8 months prior to operation. No detectable clinical 
improvement occurred. Postoperatively steroids were 
administered to Cases 1 and 6 for 20 and 9 months. 


Surgical 
Eight of the 9 cases were operated on for small bowel 
obstruction; the remaining case (Case 5) was admitted 
with severe cardiopulmonary problems and intestinal 
obstruction and died before surgery could be con- 
sidered. 


Operative findings - 
On opening the abdomen the striking feature was 
the replacement of the normal visceral peritoneum 
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Fig. 2. Weight changes in practolol peritonitis (Case 6). 


Note: Weight gain from July to August 1975 owing to 


steroid-induced fluid retention. Weight gain 


in September 


1975 before operation owing to rehydration and intravenous 
feeding. GI, gastro-intestinal; CVA, cerebrovascular 


accident (with dense left hemiparesis). 
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Fig. 4. Lower abdominal mass (Case 6). 


by grossly abnormal tissue which was thick, white and 
opaque (Fig. 5). The abnormal tissue covered the 
small bowel—usually its whole length—and produced 
a number of secondary effects on the bowel itself. 
Loops of bowel were adherent to each other, con- 
voluted and kinked, so that the whole of the affected 
bowel was tightly bound in a mass, resembling a 
cocoon. In addition, the bowel itself was constricted 
both circumferentially, producing areas of narrowing, 
and longitudinally, producing a concertina-like effect 
and considerably shortening the bowel. In some cases 
the distance from the duodenojejunal flexure to the 
ileocaecal valve was only 1 m. 

Superior to the small bowel cocoon, the greater 
omentum was opaque, thickened and contracted. 
The degree of involvement of the upper abdominal 
structure was more variable, but in some cases the 
stomach, duodenum, liver, gallbladder and spleen 
were covered, partially or completely, by a thick 
sheet of opaque tissue. This tissue, when well 
developed, obscured the upper abdominal viscera 
which were not visible until it was removed. 

Inferiorly, the pelvic structures were involved by 
the thickened tissue which obliterated the cavity of 
the pelvis and extensively involved the pelvic viscera. 

The mesentery of the small bowel was also involved 
by thickened tissue and was somewhat shortened. 
Towards the root of the mesentery the tissues were 
normal, as was the posterior parietal peritoneum over 
the pancreas and great vessels. Laterally, the posterior 
parietal peritoneum was variably affected. There were 
usually minimal changes over the ascending and 
descending colon and slightly more obvious changes 
over the transverse and sigmoid colon. The caecum 
and appendix were encased in very thick tissue in 
several of the patients. 

The anterior and anterolateral parietal peritoneum 
was spared but was often adherent to the thickened 
visceral layer, obliterating the peritoneal cavity. In 
some cases it was difficult to enter the peritoneal 
cavity at surgery because of this, but in other cases 
some areas of the peritoneal cavity were free while 
other areas were obliterated. 

The majority of the abnormal tissue was avascular. 
In some cases there was patchy vascularity, the 
vascularization being confined to those areas of the 
bowel adjacent to the attachment of the mesentery; 
the anti-mesenteric aspect of the bowel was always 
avascular. 
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Fig. 6. Plaque of thickened peritoneal tissue in process of 
removal. 





Fig. 7. Incision through encasing tissue with bowel bulging 
forcibly outwards. 


After removal of the thickened tissue the underlying 
bowel wall looked entirely normal; the retroperitoneal 
areolar tissue was also inspected, in some cases by 
removal of the posterior peritoneum adjacent to the 
ascending and descending colon, and this too was 
normal. There was no ureteric involvement or 
obstruction, although the ureters at the pelvic brim 
were occasionally overlaid by thickened peritoneum. 


Fig. 8. Histological appearances. Prominent submesothelial 
fibrosis in practolol peritonitis. Focal superficial fibrin 
exudate and inflammatory infiltration also present. 
Haemalum and eosin. (x 18.) 


Similarly the adipose core of the greater omentum 
had a normal appearance once the thickened surface 
covering had been removed. In none of the cases was 
ascites present. 


Operative procedure 

A long midline or paramedian incision was employed 
to give adequate access to the whole length of the 
small bowel. Entry into the abdominal cavity was 
sometimes difficult owing to adherence of the abnor- 
mal visceral peritoneum to the parietes, but once the 
cavity was entered, the lightly adherent visceral and 
parietal peritoneum separated easily. 

In order to relieve the intestinal obstruction, two 
problems needed to be overcome. The small bowel 
had to be released from the constricting tissue which 
replaced the normal visceral peritoneum, and loops 
of adherent bowel had to be separated from each 
other. Both objectives were achieved by removing 
the abnormal tissue or by making multiple incisions 
through it. Although incisions through the tissue 
sufficed in some areas, particularly in separating 
adherent loops of bowel from one another, in others 
plaques or segments of thickened tissue had to be 
removed in order to free the underlying bowel from 
both circumferential and longitudinal constriction 
(Fig. 6). Large areas of thickened tissue were removed 
in order to relieve all constriction, but it was unneces- 
sary, and indeed hardly feasible, to remove it all. In 
areas where the thickened tissue was not causing 
constriction it was left adherent to the bowel. 

Although time-consuming and tedious, the dissec- 
tion was not technically difficult because the plane of 
cleavage between the abnormal tissue and the under- 
lying bowel was easy to delineate and avascular. 
Because of this, bleeding was much less than might 
be anticipated from a dissection over a relatively 
large surface area. In all cases in this series it was 
possible to release the small bowel by a process of 
tissue removal and tissue incision without damage to 
the underlying bowel. No cases required bowel 
resection. 

Once the thickened tissue was removed or incised 
the bowel bulged forcibly outwards, indicating the 
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degree of contriction produced by the encasing tissue 
(Fig. 7). As more and more bowel was mobilized, so 
it lengthened as the concertina effect of the longi- 
tudinal constriction was released, and when the 
process was complete the bowel measured 2-5~3-5 m, 
less than its normal length but a considerable im- 
provement on the preoperative state. 

When the mesentery was involved this was released 
by incisions through the thickened tissue, as stripping 
of plaques of tissue was not feasible in this situation 
because of the danger of damage to the underlying 
mesenteric vessels. 

Once the small bowel was freed no further pro- 
cedure was necessary. Thickened tissue over the 
omentum or the upper abdominal structures above or 
the pelvic viscera below was not disturbed as it did 
not produce mechanical obstruction. Although fairly 
dense tissue covered the caecum and appendicular 
areas in some cases, and minor thickening involved 
the transverse and sigmoid colon, the changes have 
not been sufficient to constrict or kink the colon and 
no releasing procedure has been necessary at these 
sites. The fully mobilized bowel was returned to the 
abdominal cavity which was closed without drainage. 


Results 


Postoperative course 

The restoration of alimentary function, determined 
by the termination of intravenous therapy or the 
cessation of vomiting or significant nasogastric tube 
aspiration (whichever was the longest), averaged 
9-3 days for the series (range 5-16 days). Once 
alimentary function was re-established, however, 
progress was satisfactory and no cases had recurrent 
obstruction requiring either medical or surgical 
treatment prior to hospital discharge. 


Complications 
There was one death due to a massive myocardial 
infarction on the fourth postoperative day (Case 4). 

Two deep vein thromboses occurred (Cases 2 and 
5), one of which was complicated by a non-fatal 
pulmonary embolism (Case 2); treatment in both 
cases was by heparin anticoagulation. 

There were 2 cases of septic shock. Case 6 had a 
coliform septicaemia and severe cardiovascular 
collapse with hypotension for 48h, responding to 
supportive treatment and antibiotics. The primary 
site of the infection was uncertain. Case 7 had a 
staphylococcal septicaemia, without cardiovascular 
complications, from an infected drip cannula and 
recovered uneventfully. Case 3 had a severe chest 
infection, associated with rigors, but a blood culture 
was negative. Chest infections of significant degrees 
occurred in 2 other cases and wound sepsis without 
dehiscence in 3. 

Although none of these complications was fatal 
they resulted in an extended postoperative stay in 
hospital. This averaged 25-3 days for the series (range 
10-43 days). 


Long term progress 

The subsequent progress of the patients has been 
entirely satisfactory from the alimentary standpoint, 
with an absence of gastro-intestinal symptoms or 
recurrent obstruction. All but one of the patients in 
whom weight loss was a preoperative feature have 
had a satisfactory weight gain (Table I/]). The mean 


length of follow-up in the 7 surviving patients is 
11-4 months (range 3-20 months). ° 


Pathology 
The thickened peritoneal tissue rernoved at surgery 
was composed of several histological layers (Fig. 8). 
Superficially, it was covered by attenuated meso- 
thelium upon which there were focal deposits of a 
compact fibrinous exudate. Deep to the mesothelium 
was a prominent lamellar collagen bundle layer 
0-5-4 mm thick which formed the bulk of the tissue. 
In the areolar tissue between the fibrous layer and the 
underlying structures—-bowel, omentum, mesentry or 
retroperitoneum-—-there was usually a focal chronic 
inflammatory exudate composed of lymphocytes and 
macrophages. These cells mostly lay deep to the fibrous 
layer but they also penetrated the collagen lamellae. 
At neither site were giant or epitheloid cells found. 
Blood vessels were also found in this fibrous layer but 
were variable in distribution; most of the tissue was 
avascular but in certain areas moderate numbers of 
conspicuous dilated blood vessels were present. | 
The deeper underlying tissues—bowel muscularis 
propria, omental fat, mesenteric or retroperitoneal 
areolar tissue—were normal and not involved by the 
more superficial inflammation and fibrosis. There 
were no other specific features, and tumour cells, 
foreign material and micro-organisms were absent. 


Discussion 

The first 4 cases in this series presented and were 
investigated and treated before the relationship of 
practolol to the peritoneal abnormality was known. 
These cases established the relationship and a report 
on them was published by Brown et al. (1974) and 
Windsor et al. (1975). 

It seems clear that long term oral therapy is neces- 
sary to induce the peritoneal change, for the average 
duration of treatment before the onset of symptoms 
referable to the alimentary tract was 28 months (the 
shortest period was 15 months). The shortest recorded 
period of drug treatment that has produced peri- 
toneal change is 12 months (Kristensen et al., 1975). 
Of great interest is the development and progression 
of symptoms due to peritoneal disease after practolol 
had been discontinued in 4 cases. These cases had 
had no practolol therapy for an average of 6-4 
months (maximum period 8 months) and during this 
period were symptom-free. Three cases had had other 
beta-blockers during this symptom-free period, and 
it may be that they had had an influence on disease 
progression. This is unlikely, however, in view of the 
progression of the disease to the symptomatic stage 
in the fourth patient who received no beta-blockade 
after practolol was withdrawn and also because no 
other beta-blocking drug administered alone has to 
date been incriminated with toxic effects. The onset of 
symptoms after the withdrawal of practolol has been 
noted by others in published case reports. Dunstone 
and Ive (1975) reported an instance in which oxprenalol 
was substituted for practolol 5 months before the 
onset of symptoms, and Gurry et al. (1975) described 
a case in which propanolol had been substituted 
6 months before symptoms began. 

The diagnosis should be entertained in any patient 
who has evidence of small bowel obstruction or 
an abdominal mass and who is, or has been, on 
long term oral practolol therapy. Usually, but not 


invariably, other manifestations of practolol toxicity 
affecting the skin, eyes or mucuous membranes will 
be, or will have been, present. Changes in the skin and 
mucous membranes usually resolve quickly when 
practolol is withdrawn but changes in the conjunc- 
tivae, like those in the peritoneum, often persist. 

In the absence of a mass the differential diagnosis 
will include other causes of chronic and acute small 
bowel obstruction. The presence of a mass will 
suggest another differential diagnosis and certainly 
may be the cause of diagnostic difficulty. The mass 
is in fact the small bowel, or a major portion of the 
small bowel, wrapped in a dense cocoon of thickened 
tissue, and it has a firm or boggy feel. It is relatively 
fixed in position, though variable in site. The clinical 
diagnosis, once suspected, may be confirmed by 
small bowel radiology which presents several features 
that are characteristic of practolol peritoneal disease. 

The incidence of abdominal complications in 
patients on long term practolol therapy is unknown. 
Presumably minor peritoneal changes will occur and 
produce no, or insignificant, symptoms and will never 
be clinically diagnosed. The incidence of serious 
disease must be low in that practolol has been exten- 
sively used and to date only 74 cases of sclerosing 
peritonitis have been notified to the Committee on 
Safety of Medicines (Vaughan, 1976). The Committee 
has advised that long term oral practolol therapy 
should no longer be used but is uncertain whether 
this advice will receive universal acceptance (Com- 
mittee on Safety of Medicines, 1976). Because of 
this, and also because the disease once initiated may 
progress after cessation of therapy, further cases 
will almost certainly present to surgeons in the 
immediate future. 
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Wound infection following appendicectomy: the effect 
of extraperitoneal wound drainage and 

systemic antibiotic prophylaxis 

N. W. EVERSON, D. P. FOSSARD, J. R. NASH AND R. C. MACDONALD * 


SUMMARY 

The value of extraperitoneal wound drainage and a 
3-day course of prophylactic systemic cephaloridine 
used both separately and together have been assessed in 
a prospective controlled randomized trial involving 246 
patients undergoing appendicectomy at the Leicester 
Royal Infirmary, Extraperitoneal wound drainage was 
shown to reduce significantly the incidence of post- 
operative wound infection in patients with a gangrenous 
or perforated appendix (P<0-025). Prophylactic 
cephaloridine significantly reduced the overall incidence 
of wound infection (P<0-02) and was also effective 
when the appendix was gangrenous or perforated 
(P<0-01). A highly significant reduction in wound 
infection was achieved when the appendix was gangren- 
ous or perforated by the addition of wound drainage to 
the antibiotic regimen (P< 0-001). 


THE effect of extraperitoneal wound drainage on the 
incidence of wound infection after appendicectomy is 
uncertain. Some authors favour it (Vinnicombe, 1964; 
Farquharson, 1972), though others conclude that it is 
of no value (Brumer, 1970; Davidson et al., 1971; 
Farrar, 1973) or may even be detrimental (Gilmore and 
Martin, 1974). A controlled clinical trial is the only 
way of ascertaining the truth (Editorial, 1971). Other 
trials, however, have already established that a variety 
of regimens of chemotherapy are effective; among these 
cephaloridine was one of the first (Polk and Lopez- 
Mayor, 1969), though one study (Evans and Pollock, 
1973) suggests that it has little if any effect when 
wounds are grossly contaminated. 

There is no information available on the effect of 
the combined use of wound drainage and antibiotic 
prophylaxis, though it has been suggested that one 
might negate the other (Magarey, 1971). Therefore, 
by means of a prospective controlled randomized 
trial we investigated the effect of wound drainage, 
prophylactic systemic chemotherapy with cephalo- 
ridine and both together after appendicectomy. 


Patients and methods 

Patients with a preoperative diagnosis of acute appendicitis 
admitted to the Leicester Royal Infirmary from August 1974 to 
September 1975 were included in the study and randomly 
allocated to one of four groups by drawing a sealed envelope. 

Group 1: Appendicectomy alone. 

Group 2: Appendicectomy with the administration of 
cephaloridine 1 g intramuscularly ($00 mg in children under 
the age of 11) preoperatively and thereafter 1 g 6-hourly for 
3 days. (In children cephalexin 500 mg orally 6-hourly was used 
if this route was thought to be suitable.) 

Group 3: Appendicectomy with a corrugtaed polyvinyl drain 
inserted down to the closed peritoneum and brought out either 
at the lateral or the medial end of the wound. 

Group 4: Appendicectomy with prophylactic antibiotics as in 
group 2 and drainage as in group 3. 

Data were recorded on a form. The appendix was graded at 
Operation as normal, inflamed or gangrenous with or without 
obvious perforation. In addition, the nature of any peritoneal 


fluid was noted and categorized as either serous or purulent. 
In all cases wound closure was by continuous chromic catgut 
to the peritoneum, interrupted chromic catgut to the muscle 
layers and interrupted silk sutures to the skin. The surgeon was 
informed of the allocation to a group only after closure of the 
peritoneum. At this stage a culture swab was taken from the 
wound and immediately placed in Stewart's medium for trans- 
port to the laboratory, subsequently to be plated on blood agar 
for both aerobic and anaerobic culture. Aerobic cultures were 
made with MacConkey’s agar and Robertson’s meat broth 
medium, and if a growth did not occur in primary culture a 
subculture from the Robertson's meat broth was again plated 
on blood agar and MacConkey’s agar. 

A withdrawal clause was included. When the surgeon con- 
sidered an intraperitoneal drain necessary the patient was 
excluded. Other reasons for withdrawal were a wrong diagnosis 
at operation or an additional surgical procedure other than 
appendicectomy. Finally, failure to follow the scheme for the 
trial was another cause for exclusion (Table 1). 


Table I: WITHDRAWALS FROM THE TRIAL 





Group Group Group Group All 
I 2 3 4 groups 

intraperitoneal 3 | 4 i 9 

drain 
Wrong diagnosis 2 3 5 l ii 
Pro forma not ] I 2 2 6 

followed 
Total 6 5 li 4 26 
Statisties 


Student’s t-test for unpaired data was used to assess the com- 
patibility of the four groups and the ~?-test was used to study 
the incidence of infection between the groups. 


Results 

A total of 246 patients was entered into the trial. A 
comparison of the groups (Table I) failed to show a 
significant difference in sex, age distribution, duration 
of symptoms and of operation and the type of incision 
used. The proportion of normal appendices removed 
in the control group (group 1) was significantly greater 
than in groups 3 and 4, but there was no significant 
difference when group 1 was compared with group 2. 


Incidence of wound infection and its correlates 

The results of the study are shown in Table IHH. There 
is a significant reduction of sepsis in both groups 2 and 
4 by comparison with group 1. The difference between 
group 3 and group | is not significant. When groups 
1 and 3 (no antibiotics) are combined and compared 
with groups 2 and 4 (antibiotics) the difference is also 
significant. Intercomparison of groups 2 and 4 does 
not yield a significant difference. 





* The Leicester Royal Infirmary, Leicester. 
Present address of R. C. Macdonald: Western General 
Hospital, Edinburgh. 


Ceporin prophylaxis 
in abdominal surgery 
reduces primary wound sepsis 


In 5 trials’ involving 2,491 operations Resistance not a problem 

Ceporin was shown to significantly Ceporin has been shown not to alter 
reduce the incidence of primary sepsis hospital ecology of bacteria. Whereas 
in contaminated or potentially between 1971 and 1974 the number of 
contaminated wounds, when strains resistant to ampicillin increase 
compared with untreated controlsand significantly. 

with other antibacterials and 1. Journal of Antimicrobial 
antiseptics. Chemotherapy (1975) 1, (Suppl.) 71 


2. Lancet (1975) 4, 1251 








20% 





Full prescribing information on Ceporin (trade mark) is available from: Glaxo Laboratories Lid. Greenford, Middlesex UB6 OHE 


Br. J. Surg. Vol. 64: April 1977 


>i 

Mie. 
ete 
pety 






A SYNOPSIS OF ANAESTHESIA 
8th Edition 


R. 5. Atkinson, M.A., M.B., B.CHIR., F.F.A.R.C.S., | 
Consultant Anaesthetist, Department of Anaesthetics, Southend-on-Sea Hospital. 


and 


G. B. Rushman, M.B., B.S., HON. F.F.A.R.C.S.1., F.F.A.R.C.S., 
Consultant Anaesthetist, Department of Anaesthetics, Southend-on-Sea Hospital. 


Contributing Editor 


J. Alfred Lee, F.F.A.R.C.S., D.A., 
Department of Anaesthetics, Southend-on-Sea Hospital. 


185 x 120 mm 976 pp 27 illus. £9-25 net 


I JOHN WRIGHT 


42-44 Triangle West, Bristol BSG 1EX 





a 





BURNS: 


Eos | 
Injury |) ies 


Thermal Injury 
The British Journal of 


Accident Surgery 
Editor, R. L. BATTEN, F.R.C\S, (Eng) 


The Journal of the International 


Society for Burn Injuries 


Published Quarterly | Editor: J. E. LAING, F.R.C.S. 
Annual subscription: Published Quarterly 


£12.50 (post free) 


Annual subscription: {12-00 (post free) 


Single numbers: £3.60 (post free) E E E peo nos Gee) 


W JOHN WRIGHT Wy JOHN WRIGHT 
wi 42-44 Triangle West, Bristol BS8 1EX IN 42-44 Triangle West, Bristol BS8 1EX 





X 


ne | Br. J. Surg. Vol. 64: April 1977 











> toa positive Hoo. lock system 
but it's ay" moved to any / pant o of a 
aN theatre. Ee : 


osi | ‘And a toe pee -to 
iT thly move the table to the | 


‘Both controls ate e easily o — Eor fala Ltd. “Medical ene cee 
e from any angle, and Sue Division 1518 Chi pstone 





Br. J. Surg. Vol. 64: April 1977 X¥ 


in urinary infections 


the clinical superiority that makes sure 


In a study of the sensitivities of acute urinary infection isolates 
to commonly-used oral antibacterials, 99:1% of the pathogens 
isolated were sensitive to Septrin: 

Septrin* has a complete spectrum of activity against the 
organisms usually responsible for urinary tract infections. With 
its bactericidal action, speed of patient response and con- 
venient dosage, Septrin has become the most widely-used 


antibacterial for treating urinary infections. 








oeptrin contains trimethoprim and sulpnametnoxa 
Full prescribing information is available on request 
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Group 4 


- Group 3 Antibiotic 
Group | Group 2 Wound and wound 
Control Antibiotic drain drain Significance 

Sex 

Male 33 35 32 29 ns. 

Female | 30 29 31 27 ns. 
Mean age (yr) 21-4 22:1 21-7 19-4 nS. 
Age range 2-67 8-71 7-60 2-67 Is. 
Symptoms (h) 

Mean 29-4 27-1 36-2 31-3 n.s. 

Range 5-72 4-96 12-96 5-96 
Duration of operation (min) 

Mean 35 31 35 36 nS 

Range 12-65 11-60 12-90 15-90 
Incision | 

Grid iron 57 57 56 $2 

Muscle cutting 6 7 7 4 N.S. 
Pathology 

Normal 20 15 1i 8 $ 

Inflamed 24 33 30 34 ns 

Gangrenous/ perforated 19 16 22 14 TLS. 
Peritoneum 

Normal 31 33 25 26 n.s. 

Free serous fluid 18 19 23 20 ns. 

_Purulent fluid 14 12 is 10 ns. 





* Number of normal appendices removed significantly greater in control group when compared with groups 2 and 3 (P<0-025). 


No significant difference from group 1. 


Table IHH: NUMBER IN EACH GROUP DEVELOPING 
WOUND INFECTION AND RELATIONSHIP WITH 
SEVERITY OF APPENDICITIS AND NATURE OF 
PERITONEAL FLUID 


Group | Group 2 Group 3 Group 4 
Normal 2/20 1/15 0/11 1/8 
inflamed 0/24 0/33 §/30 3/34 
Gangrenous or 16/19 6/16 11/22 3/14 
perforated 
Total 18/63 7/64 16/63 7/56 
Purulent peri- 9/14 6/12 9/15 1/10 


toneal fluid 


The data in Table HI also permit intercomparison 
between wound infection and the severity of the septic 
process. The only factors to emerge are the significant 
effect of wound drainage, of antibiotics alone and of 
the combination of both on the incidence of wound 
infection in patients with gangrenous or perforated 
appendicitis (Fig. 1) and a similar effect, as might be 
expected, of combined therapy on patients with 
purulent peritoneal exudate. 


Bacteriological findings 
The incidence of positive and negative bacteriological 
findings for each group is summarized in Table IV. 

Of 99 patients with negative cultures from the wound 
at operation, only 2 developed a wound infection. 
Positive cultures were obtained in 124 patients, the 
organisms being reported as sensitive to cephaloridine 
in 98 patients (of whom 32 patients developed a 
wound infection) and resistant in 26 patients (of whom 
12 patients developed a wound infection). 

In 23 patients either the swab was not taken at 
operation or the result could not be traced. Escherichia 
coli was by far the commonest organism isolated 
(75 per cent of all wound infections). Other organisms 
found, in order of decreasing frequency, were Strepto- 
coccus faecalis, staphylococcus (coagulase-negative), 
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Wound drain and 
antibiotic 
Fig. 1. Incidence of wound infection when the appendix was 

gangrenous or perforated. 


Wound drain 


Appendicectomy Antibiotic 
alone 


bacteroides (4 patients only), staphylococcus (coagu- 
lase-positive), pseudomonas and Bacillus subtilis. 


Duration of hospital stay 

Though there were differences in the mean duration of 
stay for infected and non-infected patients, the numbers 
studied do not permit statistical analysis. 

In those patients without infected wounds the 
average duration of hospita! stay was 5-8 days in 
group 1, 6 days in group 2, 5-6 days in group 3 and 
615 days i in group 4. In those patients who developed 
wound infections the hospital stay averaged 11:7 days 
in group 1, 14 days in group 2, 12-2 days in group 3 and 
8-7 days in group 4. 

Late onset wound infection, occurring after the 
patient had left hospital, presented in 10 patients. 
There were 4 patients in group 1, 3 in group 2, 1 in 
group 3 and 2 in group 4. 
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Table IV: BACTERIOLOGICAL FINDINGS 


Operative wound oAll 
swab Group 1 Group 2 Group 3 Group 4 groups 
Negative 16 (1) 27 (0) 23 (0) 33 (1) 99 (2) 
Positive 
Sensitive to cephaloridine 34 (12) 19 (4) 30 (12) 15 (4) 98 (32) 
Resistant to cephaloridine 7 (4) 9 (3) § 3) $ (2) 26 (12) 
Unknown (swab not taken 6 (1) 9 (0) 5 (1) 3 (0) 23 (2) 


or no result available) 





Figures in brackets show number of wound infections. 


Discussion 

Most evidence for and against wound drainage in 
appendicitis has been anecdotal, but a small study by 
Farrar (1973) failed to demonstrate any advantages. 

Our results show that extraperitoneal wound 
drainage, both on its own and also when combined 
with prophylactic cephalosporins, is effective in 
reducing the incidence of wound infection in patients 
from whom a perforated or gangrenous appendix has 
been removed, or where purulent fluid is present in 
the peritoneal cavity. 

We have also confirmed previous findings that 
cephalosporins alone are effective and have gained 
evidence that tends to refute the contention that drains 
and antibiotics are self-cancelling. Our bacterial 
studies are in accord with some others (Gilmore and 
Sanderson, 1975) but show a much lower incidence of 
bacteroides when compared with those of Leigh 
(Leigh et al., 1974) and of a recent study on the 
prophylaxis of infections after appendicectomy 
(Willis et al., 1976). The latter work seemed in the view 
of the authors to leave no doubt that most infections 
which develop after this procedure are caused by 
non-sporing anaerobes. Our techniques of transport 
and culture were similar and the difference is presently 
unexplained. 


Acknowledgements 
We would like to thank the consultant surgeons of the Leicester 
Royal Infirmary for allowing us to study their patients and the 
junior surgical staff who carried out most of the operations. 
Our particular thanks are due to Professor P. R. F. Bell, 
Mr D. F, L. Watkin and Mr R. F. M. Wood for their help with 
this paper. We would like to acknowledge the help of Dr E. M. 
Stirk and the Department of Bacteriology. In addition, we wish 
to thank the Department of Medical [lustration. 


We also extend our thanks to Mrs L. Hales and Miss L. Hall 
for their secretarial assistance. 


References 

BRUMER M. (1970) Appendicitis: a seasonal incidence and post- 
operative wound infection. Br. J. Surg. 57, 93-99. 

DAVIDSON A. L G., CLARK C. and smirH G. (1971) Postoperative 
wound infection: a computer analysis. Ar. J. Surg. 58, - 
333-337. 

EDITORIAL (1971) Sepsis after appendicectomy. Lancet 2, 195. 

EVANS C. and POLLOCK A. V. (1973) The reduction of surgical 
wound infections by prophylactic parenteral cephalo- 
ridine. Br. J. Surg. 60, 434-437. 

FARQUHARSON E. L. (1972) Textbook of Operative Surgery, Sth 
ed. Edinburgh, Churchill Livingstone, p. 622. 

FARRAR D. J., MAYBURY N. K. and SANSON J. R. (1973) The use 
of closed wound suction drainage after appendicectomy. 
Br. J. Clin. Pract. 27, 63-68. 

GILMORE ©. J. A, and MARTIN T. D. M. (1974) Aetiology and 
prevention of wound infection in appendicectomy. Br. J. 
Surg. 61, 281-287. | 

GILMORE O, J. A. and SANDERSON P, J. (1975) Prophylactic inter- 
parietal povidone-iodine in abdominal surgery. Br. J. 
Surg., 62, 792-799, 

LEIGH D. A., SIMMONS, K. and NORMAN E, (1974) Bacterial flora 
of the appendix fossa in appendicitis and postoperative 
wound infection. J. Clin. Pathol. 27, 977~1000. 

MAGAREY C. J., CHANT A. D. B., RICKFORD C. R. K. et al. (1971) 
Peritoneal drainage and systemic antibiotics after appendi- 
cectomy. Lancet 2, 179-182. 

POLK H. C, and LOPEZ-MAYOR J. F. (1969) Postoperative wound 
infection: a prospective study of determinant factors and 
prevention. Surgery 66, 97-103. 

VINNICOMBE J. (1964) Appendicectomy wound infection, 
drainage, and antibiotics. Ar. J. Surg. 51, 328-331. 
WILLIS A. T., FERGUSON, I. R. JONES P. H. et al. (1976) Metro- 
nidazole in prevention and treatment of bacteroides 

infections after appendicectomy. Br. Med. J. 1, 318-320. 


Br. J. Surg. Vol. 64 (1977) 239-241 


Aortocaval fistula as a complication of 


leaking aortic aneurysm 
H. R. MAGEE AND 5. A. MELLICK* 


SUMMARY 

The successful management of 2 patients is reported, 
each involving the closure of a fistula into the inferior 
vena cava as a sequel to the rupture of an atherosclerotic 
aortic aneurysm. It is an uncommon complication 
which should be suspected in the presence of an aortic 
aneurysm with a loud machinery bruit. Associated 
peripheral cyanosis and venous pulsation in the acces- 
sible proximal veins of the lower extremity and priapism 
afford strong supporting evidence. 


AORTOCAVAL fistula usually follows either a penetrating 
abdominal injury or intervertebral disc surgery and is 
an uncommon complication of an aortic aneurysm 
(Harbison, 1954; DeBakey et al., 1958). Before the 
production of suitable prosthetic grafts for vascular 
replacement, the treatment of such a lesion was almost 
impossible and such measures as quadruple ligation 
and packing were all that was available to the surgeon 
(Lehman, 1938). This paper reports the management 
of 2 patients with this complication, illustrating the 
clinical features and operative repair of such a lesion. 


Case reports | 

Case 1: The patient was a 57-year-old male who presented on 
27 August 1974 complaining of abdominal and back pain with 
general malaise. The significant features of the history were 
that an abdominal aortic aneurysm had been detected 2 years 
previously in another centre but the patient had never returned 
for follow-up. The aneurysm had progressively increased in 
size and, during the 6-8 months prior to admission, he had 
complained of back pain which had become much more severe 
in the previous 3 months, Five days before admission he had 
collapsed and, at the time, had complained of severe back pain. 
Since then the symptoms had persisted and he had also been 
febrile. 

On admission he appeared to be ill. His pulse rate was 84/ 
min and regular and his blood pressure was 140/80. The jugular 
venous pressure was slightly raised but the chest was clinically 
clear, There was a large aortic aneurysm extending into the 
epigastrium with a thrill palpable over it. The liver was slightly 
enlarged, On auscultation a loud machinery murmur was 
audible over the lower abdomen. The lower limbs were cool 
and cyanotic in contrast to the upper part of the body which was 
of normal colour. All arterial pulses were palpable and, in 
addition, a pulse could be felt in the long saphenous vein in the 
right thigh. Priapism was also noted although he had not com- 
plained of it. A provisional diagnosis was made of aortic 
aneurysm communicating with the inferior vena cava and the 
patient was assessed for immediate surgery. 

A chest X-ray showed left ventricular enlargement and 
pulmonary venous congestion. Haemoglobin was 12:0 g/dl, 
creatinine 2:03 mmol/l, blood urea 44 mmol/l and urate 
1-04 mmol/l. 

Under endotracheal anaesthesia, the abdomen was opened 
with a long left paramedian incision and much venous oozing 
was noted in the subcutaneous and muscular tissues. Systolic 
blood pressure was 120 mm Hg and central venous pressure 
24 cm H,O. On opening the abdomen, the root of the small 
bowel mesentery was noted to have been pushed upwards and 
towards the right. The aneurysm was extremely large and the 
peritoneum over its anterior surface was thickened and dense 
white in colour, The retroperitoneal space was opened and the 


aneurysm measured 15x 15x 11 cm, with dilatation extending 
above the renal vessels. Retroperitoneal haematoma was present 
on the right side of the aorta. The left renal vein was pushed 
upwards and stretched across the upper portion of the aneurysm. 
The inferior vena cava was stretched tightly over the right 
lateral aspect of the aneurysm and was densely adherent to the 





Fig. 1. Operative findings in Case 1. A, Aorta; LRV, left renal 
vein: D, defect in posterior wall; LHA, left internal iliac 
aneurysm; F, fistula; IVC, inferior vena cava. 


aorta near its bifurcation. Below, the right common iliac 
artery was found to be slightly dilated, but otherwise seemed to 
be a reasonably good vessel. The left common iliac artery was 
widely dilated and densely adherent to the surrounding struc- 
tures. There was a large left internal iliac aneurysm and the left 
external iliac artery was tortuous (Fig. 1). 

Careful finger dissection was carried out below the level of 
the left renal vein until it was possible to feel the vertebral 
column on each side of the aorta. A large atraumatic aortic 
clamp was applied and the pulsation of the sac ceased. It was 
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Fig. 2. Operative findings in Case 2. A, Aorta: LRY, left renal 
vein; LIIA, left internal iliac aneurysm; RHA, right internal 
iliac aneurysm; F, fistula; IVC, inferior vena cava. 


decided to proceed with the resection and 100 mg of heparin 
was administered intravenously. Arterial control of the 
aneurysm was achieved with the aortic clamp above, a clamp 
on the left common iliac artery and another on the left external 
iliac artery. After clamping the aorta, the systolic blood pressure 
rose to 180 mm Hg and the central venous pressure fell to 2 cm 
H,O. 

When the sac was opened a fistula into the inferior vena cava 
was found to be present just above the aortic bifurcation. Its 
orifice easily admitted one finger. Flow from the fistula was 
controlled by direct pressure over the vena cava with the left 
thumb and the index and middle fingers placed on the orifice. 
Pressure by an assistant was also necessary to control back flow 
from the orifice of the left common iliac artery. 

A running suture of 2/0 Mersilene was then inserted to over- 
sew the aortic wall in the region of the fistula. This was con- 
tinued upwards for 5 cm and then a second line of sutures was 
inserted from above downwards. The flow from the vena cava 
having been controlled, the orifice of the left common iliac 
artery was oversewn after much loose atheroma had been 
removed. It was noted that the posterior wall of the aorta had 
been eroded producing a defect 8 x 4 cm, exposing the anterior 
spinal ligaments and the bodies of the 3rd, 4th and 5th lumbar 
vertebrae. A Dacron bifurcation graft (aortic diameter 25 mm, 
limb 12-5 mm) was sutured to the aorta just below the renal 
arteries, the end of it lying within a cuff of the aneurysmal sac. 
The right limb of the graft was sutured end to end to the right 
common iliac artery. The left limb was brought down behind 
the sigmoid mesentery and sutured end to side to the left 
external iliac artery, which was pulled up to straighten out the 
tortuosity. A ligature was placed proximal to the anastomosis 
so that the left internal iliac artery aneurysm was isolated. The 
heparin was reversed by the administration intravenously of 
150 mg protamine sulphate. A portion of the aortic sac was 
excised and the remainder was sutured over the graft, there 
being sufficient available to cover it in a double-breasted 
fashion. The peritoneum on the posterior abdominal wall was 
sutured and the abdomen closed. Operative blood loss was 
approximately 6 litres and this was replaced by transfusion. 


The patient was transferred to the intensive care unit where 
he was coupled to a respirator. On 28 August blood urea was 
28-4 mmol/l, creatinine 141 umol/l, urate 0-7 mmol/f and 
Po, varied between 42 and 62mm Hg. Tracheostomy was 
performed on the fourth postoperative day and assisted 
respiration continued until the eighth day. On 2 September he 
appeared jaundiced and bile was present in the urine (plasma 
total bilirubin was 82 umol/l). Po, estimation showed con- 
tinuous improvement and on 5 September it measured 77 mm 
Hg, with the patient breathing spontaneously but with added 
oxygen. He was returned to a general ward on 9 September. 
On 10 September blood urea was 4:6 mmol/l, creatinine 
62 pmol/l! and urate 274 umol/lL He was discharged from 
hospital on 16 September to be followed as an outpatient. 
When last seen on 30 January 1976 he was very well. 


Case 2: This 70-year-old male was admitted on 31 July 1975 
complaining that 2 days previously he had experienced high 
anterior chest pain which radiated to the base of the neck and 
scapula. This pain had woken him from sleep and had lasted 
approximately 20 minutes. It was associated with dyspnoea and 
vomiting. The pain had eased, but the nausea and vomiting 
had continued and also he had noticed weakness and coldness 
of all the limbs. On the morning of admission he was dyspnoeic 
and cyanosed and had been referred to the hospital with a 
provisional diagnosis of myocardial infarction. The only 
significant past history was that he was known to have had an 
aortic aneurysm for approximately 3 years. 

On examination the main findings were peripheral cyanosis, 
a pulse rate of 90/min with a regular rhythm and a systolic blood 
pressure of 40 mm Hg. There was a large abdominal aortic 
aneurysm over which a loud and almost continuous bruit was 
audible. Subcutaneous bruising was noted on the penis and 
scrotum. An X-ray of the chest showed increased pulmonary 
vascular markings. The calcified wall of an aneurysm was noted 
on a plain abdominal film. Haemoglobin was 13-2 g/di. The 
ECG showed mild ischaemic changes, but no evidence of 
myocardial infarction. The clinical picture was suggestive of a 
fistula from the aortic aneurysm into the inferior vena cava 
with probably a small extraperitoneal leak. 

The patient was submitted to immediate operation and at the 
time of induction of anaesthesia he was generally cyanosed, even 
though only pure oxygen was being administered, and the 
systolic blood pressure was unrecordable. Central venous 
pressure was 23cm H,O. As in the previous patient, thick 
white peritoneum was noted covering a large aortic aneurysm. 
The dilatation extended downwards to involve both common 
iliac vessels and the internal iliac arteries were also aneurysmal. 
The external iliac arteries were not dilated but very tortuous 
(Fig. 2). 

After heparinization, the aorta was controlled above by a 
large curved atraumatic clamp and below by a clamp applied 
to each common iliac aneurysm. After clamping of the aorta, 
the systolic blood pressure rose immediately to 120 mm Hg and 
later to 140 mm Hg. Central venous pressure fell to 11 cm H,O. 
On opening the aneurysm, a fistula which measured approxi- 
mately 31cm was found low down on the right side. Using 
the left index finger as an obturator, sutures were inserted to 
control the flow of blood. The aortic wall was extremely soft 
and tore so easily that a small Dacron patch was used to 
reinforce the suture line. A bifurcation graft (aorta 22 mm, 
limb 11 mm) was sutured end to end to the aorta above and 
end to side to the common femoral artery below. The common 
iliac aneurysm on each side was oversewn. A ligature was 
placed on each external iliac artery just below the internal 
iliac artery take-off, to isolate the aneurysms on the latter 
vessels. 

At the conclusion of the operation there was a strong pulse 
in the dorsalis pedis on either side. Blood Joss during the opera- 
tion was 5-5 litres and this was replaced by transfusion. 

The patient was transferred to the intensive care unit, where 
he was coupled to a respirator. An ECG suggested that he had 
also sustained a myocardial infarct. Blood-gas estimation, with 
the patient on added oxygen, showed a Po, of 64mm Hg. It 
fell to 56 mm Hg on the following day but by 5 August it had 
risen to 107 mm He. Serium biochemistry on 1 August showed 
raised levels of urea, creatinine and urate (blood urea 30-9 


mmol/l, creatinine 360 umol/i, urate 0-84 mmol). On 2 August 
the values were: urea 38-0 mmol/l, creatinine 390 mol/l and 
urate’ 1-09 mmol/l. The values fell progressively and on 12 
August were: urea 8-2 mmol/l, creatinine 110 nmol/l and urate 
0:27 mmol/l. 

Jaundice was also evident in the early postoperative period, 
the plasma total bilirubin being 162 pmol/l and SGOT 145 
umolon 5 August. On 6 August plasma bilirubin was 128 pmol/l 
and SGOT 96 umol/l. These progressively improved and on 12 
August plasma bilirubin was 50 pmol/l and SGOT 45 umol/1. 
He remained in the intensive care ward until the sixth post- 
operative day and was then transferred to a general ward. He 
was discharged on 12 August and at that time his renal function 
was satisfactory and there was no clinical jaundice. He has been 
followed up in the outpatients’ department and was last seen on 
9 December 1975, when he stated that he felt very well and had 
anormal peripheral circulation. 


Discussion 

The commonest complication of abdominal aortic 
aneurysm is leakage into the retroperitoneal tissues or 
peritoneal cavity, but occasionally it may rupture into 
the duodenum and the patient then presents with 
gastro-intestinal haemorrhage. Fistulation into the 
inferior vena cava is rare and the first such case was 
reported by James Syme in 1831. Although the first 
attempt to repair an aortocaval fistula was carried out 
by Lehman in 1938, the first successful repair was not 
achieved until 1954 (Javid et al., 1955; DeBakey et al., 
1958). When Reckless et al. reviewed the condition in 
1972 the number of reported cases at that time was 71, 
of which 41 had been treated surgically. Further reports 
have appeared since then (Baker et al., 1972; Cortis 
et al., 1972; Ennis et al., 1972; Padanilam and Gor- 
man, 1972; Vellar and Doyle, 1972; Kazmier and 
Harrison, 1973; Mohr and Smith, 1975). 

The rarity of a spontaneous aortocaval fistula has 
been well demonstrated by Beall et al. (1963), who 
showed that of 1400 abdominal aneurysms operated 
upon, 130 had ruptured and of these, only 4 had 
fistulated into the inferior vena cava. Each of these 
was successfully repaired. In a survey of 155 cases of 
ruptured aortic aneurysms at our hospital during the 
period 1964-74, there was no case of aortocaval 
fistula, but 2 cases presented with gastro-intestinal 
bleeding (Magee, 1974). 

This complication should be suspected when a 
machinery bruit is heard over an abdominal aortic 
aneurysm. Other features suggesting the diagnosis in 
our patients were peripheral cyanosis, especially of the 
lower limbs, pulsation in the long saphenous vein and 
priapism. During operation, excessive venous ooze 
was noticed from the subcutaneous muscular tissues 
due to the raised venous pressure. In patients where 
the fistula had been present for a longer time, other 
signs may develop. In a patient reported by Eisman 
and Hughes (1956), where the fistula had been present 
for 2 weeks, varicosities had already developed on the 
anterior abdominal wall and there was venous hyper- 
tension. If the fistula is extensive and has been present 
for some time, gross oedema of the lower limbs will 
occur (Beall et al., 1963; Mitchell, 1963). Haematuria 
and rectal bleeding have also been reported as a 
presenting symptom which has been attributed to 
venous hypertension (Reckless et al., 1972). 

The raised blood urea, creatinine and urate levels 
noted in both patients were presumably due to impaired 
renal function caused by the presence of the fistula, as 
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all returned to normal when the lesion was repaired. 
The temporary jaundice in both patients, especially 
Case 2, was considered to be due to ischaemic liver 
damage. 

Other diagnostic aids in these cases were not consi- 
dered necessary. Some authors (Mitchell, 1963; Mohr 
and Smith, 1975) have used aortography to demon- 
strate the fistula, but this would not have been possible 
in these cases via femoral puncture because of the 
tortuosity of the iliac vessels, and further it would have 
been extremely hazardous to have attempted aorto- 
graphy by the translumbar route. 

Control and closure of the fistula were performed 
from within the aneurysmal sac, which was considered 
the easiest and safest way of avoiding dissection 
between the aorta and the adherent vena cava with 
the risk of further damage to the latter vessel. Also, 
control of the vessels with minimal dissection and 
manipulation is desirable, to prevent embolization of 
clot and debris from the aneurysm into the venous 
system, as reported by Hufnagel and Conrad (1962). 
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Nine years’ experience with internal arteriovenous 


fistulas for haemodialysis: a study of some 
factors influencing the results 


P. KINNAERT, P. VEREERSTRAETEN, C. 


AND J. VAN GEERTRUYDEN* 


SUMMARY 

Data were collected concerning 314 internal arterio- 
venous fistulas created in 242 adult patients (92 
women and 150 men). The immediate failure rate for 
the various techniques used ranged from 7-7 to 12-0 per 
cent, except for ulnar fistulas which had a rate of 
immediate thrombosis of 20-7 per cent. Survival rates 
were significantly lower for patients submitted to a 
combined therapy of dialysis and kidney transplantation 
when compared with patients treated with dialysis alone. 
The probability of survival of an arteriovenous fistula 
was lower in women than in men but the difference was 
significant only in patients undergoing transplantation. 
Survival rates at 2 years in dialysed patients were 
87:6 per cent for distal radial-cephalic side-to-side 
fistulas, 100 per cent for radial-cephalic end-to-side 
fistulas located in the mid-forearm, 78-5 per cent for 
radial-cephalic end-to-side fistulas created near the 
wrist, 53-1 per cent for distal radial—cephalic end-to-end 
fistulas and 60-9 per cent for ulnar fistulas. Thrombosis 
was responsible for 87-2 per cent of 109 late failures. 
The incidence of infection was I case/11 patient years 
of haemodialysis. 


STUDIES using the life-table method for the follow-up 
of arteriovenous fistulas created for maintenance 
haemodialysis are scarce. Recently Knutson et al. 
(1973) compared survival percentages of various 
blood-access devices during 60 consecutive dialysis 
treatments. VanderWerf and his colleagues (1975) 
published life-table curves of bovine grafts over a 
period of 18 months and Morgan and Lazarus (1975) 
compared survival curves of internal arteriovenous 
fistulas made with transplanted saphenous veins or 
prosthetic materia]. The present study provides data 
on various types of internal arteriovenous fistula and 
a statistical analysis of some factors influencing the 
results of these techniques of vascular access for 
haemodialysis. 


Patients and methods 

Three hundred and fourteen internal arteriovenous fistulas 
were created in 242 adult patients with chronic renal failure 
(92 women and 150 men) between | September 1966 and 
31 December 1975. One hundred and seventy-seven patients 
were treated with a single arteriovenous fistula, 65 others 
needed 2 or more successive fistulas in order to be dialysed. 
Their ages ranged from 16 to 69 years. 

During the first 3 years of our experience, patients were 
selected according to the calibre of their peripheral vessels 
and some of them, mainly women, were still dialysed with the 
aid of Quinton or Ramirez arteriovenous shunts. From the 
end of 1969, all patients were considered to be candidates for 
an internal arteriovenous fistula as long as patent vessels were 
present in the forearm. Between 1966 and April 1971 the 
operation of choice was the classic side-to-side arteriovenous 
fistula performed either with the radial artery or with the ulnar 
artery (Brescia et al., 1966). Only occasionally an end-to-side 
or end-to-end fistula was created. From 1 April 1971 we used 
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a technique described elsewhere (Kinnaert, 1976). In short, an 
end-to-side arteriovenous fistula was created in the forearm. 
If no thrill was palpated after completion of the anastomosis, 
the distal vein was incised below the arteriovenous com- 
munication and both vessels were dilated with a Fogarty 
catheter. When a good thrill was present the vein was ligated 
just below the anastomosis, thus transforming the end-to-side 
fistula into an end-to-end shunt. If the operation failed, 
another attempt to create an arteriovenous fistula in the 
forearm was made. More complex procedures, such as a 
saphenous vein autograft in the forearm (May et al., 1969) or 
a saphenous vein loop fistula in the thigh (Perez-Alvarez et al., 
1970), were performed only when suitable vessels for the usual 
technique were lacking. 

Blood access devices that stopped functioning within the 
first 24 hours after operation were considered to be immediate 
failures, Survival curves for arteriovenous fistulas functioning 
for more than one day were calculated by the life-table method. 
Failure was defined as being unable to use the fistula for 
dialysis for whatever reason. After kidney transplantation, 
arteriovenous fistulas were excised only when complications 
occurred. When survival rates were calculated for patients 
submitted to a combined programme of dialysis and trans- 
plantation, we assumed that the fistula could be used as Jong 
as it remained patent. The results were analysed statistically 
according to the method of Mantel (1966). 


Results 

The immediate failure rates of the various procedures 
used in our patients ranged from 7-7 to 12-0 per cent, 
except for ulnar fistulas, of which 207 per cent 
clotted within the first 24 hours (Table I). The 
difference, however, was not statistically significant. 
The proportion of women was higher in the thigh 
fistula series and the saphenous vein bypass series. 

Fig. 1 shows that the arteriovenous fistula survival 
curves for patients submitted to dialysis alone are 
quite different from those of patients undergoing a 
combined therapy of dialysis and transplantation 
(P<0-005). At 3 years 72-1 per cent of the fistulas 
are functioning in dialysed patients while only 
42-9 per cent are patent in the group treated with 
dialysis and transplantation. 

In order to continue their treatment, 18-7 per cent 
of the men and 40-2 per cent of the women needed 
more than one fistula (Table H, P<0-001). The 
frequency of thrombosis within the first 24 hours did 
not differ significantly between the two groups, 
although it was almost twice as high in women 
(13-8 per cent) as in men (7-4 per cent) (Table HD. The 
probability of continued patency with dialysis alone 
was lower in women than in men but the differences 
did not reach the 95 per cent confidence level. On the 
contrary, when combined treatment was considered, 
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Fig. 1. Effect of treatment: comparison of survival curves 
calculated for all types of fistula in patients treated with 
dialysis alone (@) or with a combined therapy of dialysis 
and kidney transplantation (O). 


Table I: IMMEDIATE FAILURE RATES OF THE 
VARIOUS TECHNIQUES OF VASCULAR ACCESS 
USED IN OUR PATIENTS 


Immediate 
Total No. of failure rate 
Type of fistula No. women C3 
Radial-cephalic side-to- 93 30 9-2 
side 
Radial-cephalic end-to- 60 24 
side (wrist) §-2* 
Radial—cephalic end-to- 49 22 
end (wrist) 
Radial-cephalic end-to- 29 12 
side (forearm) 8-1 * 
Radial-—cephalic end-to- 8 3 
end (forearm) 
Ulnar 29 14 20-7 
Saphenous vein 13 9 7-7 
autograft (forearm) 
Saphenous vein loop 25 21 12-0 
(thigh) 
Miscellaneous 8 3 _ 


* Results were pooled for end-to-side and end-to-end 
fistulas because end-to-side anastomoses which failed were 
usually transformed into end-to-end fistulas. 


Table H: NEED FOR MULTIPLE FISTULAS IN 
MEN AND WOMEN 


| Men Women 
Total patients 150 92 
Patients with multiple 28 (18-7%) 37 (40-2%) 


fistulas 
xy? = 12-407; P<0-001. 


Table HI: INCIDENCE OF IMMEDIATE FAILURE 
IN MEN AND WOMEN 


Men Women 
Total fistulae 176 138 
immediate failure 13 (7-4%) 19 (13-8% 


x? == 2780; P>0-05. 





Arteriovenous fistulas for haemodialysis 243 


DIALYSIS 
160: -% 
80 R 6 s * e 
60 ° a 
P | 
4 ao] 
= 
& 20 
vJ 
E> 
a DEAS ea 
Q 1 2 3 
x 
a 
DIALYSIS + TRANSPLANTATION 
100... oe 
80 of e, 
60 Io + R 
40 ; : 
20 5 


YEARS 
Fig. 2. Influence of sex on survival of arteriovenous 
fistulas. Above, The predicted percentage survival rate for all 
types of fistula in patients treated with dialysis alone. There 
is no significant difference between men (@) and women (O) 
(7? = 3-621; P>0-05). Below, The results of patients treated 
with a combined treatment of dialysis and kidney 
transplantation. The difference between men and women is 
highly significant (y? = 13-600; P<0- 001). 
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Fig. 3. Life-table curve for side-to-side radial—cephalic 
fistulas constructed at the wrist level. 
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Fig. 4. Life-table curves of three different types of radial- 
cephalic fistula. RESF, Radial-cephalic end-to-side fistula 
located in the mid-portion of the forearm; RESW, 
radial-cephalic end-to-side fistula constructed near the 
wrist; REEW, radial-cephalic end-to-end fistula created 
near the wrist. Survival curves for RESF and REEW 
differ significantly (z? = 4-979; P<0-05). 
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Fig. 5. Comparison between life-table curves of all types of 
radial-cephalic arteriovenous fistula (@) and all types of 
ulnar arteriovenous fistula (O) (y* = 6-797: P<0-01). 


the predicted survival of arteriovenous fistulas was 
significantly higher in men (P<0-001); at 4 years it 
was 21-5 per cent in women and 42-5 per cent in men 
(Fig. 2). 

Life-table curves were calculated for the various 
types of blood access device, except for autologous 





Table IV: CAUSES OF LATE FAILURE IN A 
SERIES OF 274 ARTERIOVENOUS FISTULAS FOR 
WHICH FOLLOW-UP DATA WERE AVAILABLE ° 


Trans- 
Dialysed planted 
Cause of failure patients patients Total 


Thrombosis 37 (82:2%) 58 (90-62) 95 (87-294) 
Excision for 
Infection odro 0 6 (5-5%) 
Cardiac failure 1 2 3 
Steal syndrome 0 2 2 
Venous aneurysm 0 4 l 
Pseudo-aneurysm I Q 1 
Pulmonary embolism 0 1 1 
Total 45 64 109 





saphenous arteriovenous grafts and thigh fistulas 
because the numbers were too low and the follow-up 
period too short. The results are given for dialysis 
alone. Fig. 3 shows the calculated survival rates for 
radial side-to-side fistulas constructed at the wrist 
level. They reach 87-6 per cent at the end of the 
first year and remain stable during the following 
2 years. In our series this curve cannot be compared 
with the survival curves calculated for the other 
types of radial arteriovenous communication. Indeed, 
a great number of patients with a radial side-to-side 
fistula were treated during the early stages of our 
experience and were selected for this procedure 
according to the calibre of their veins, while the other 
devices were constructed as long as the vessels of the 
forearm were patent. Therefore, Fig. 4 compares 
only radial end-to-side with end-to-end fistulas. At 
the wrist, end-to-end fistula survival was constantly 
below the calculated values for end-to-side fistulas, 
but the difference was not statistically significant. 
At 2 years the predicted survival was 78-5 per cent 
for end-to-side and 53-1 per cent for end-to-end 
anastomoses. There were no late failures among 
end-to-side fistulas created in the mid-portion of the 
forearm. 

This 100 per cent survival rate differs significantly 
from the rates calculated for radial end-to-end 
fistulas at the wrist (P < 0-05). The number of end-to- 
end anastomoses in the forearm was too small for 
life-table calculations. The better results obtained 
with end-to-side fistulas in the forearm could be 
explained by differences in the quality of the vascular 
bed. This seems to be supported by the lower propor- 
tion of end-to-end fistulae in the forearm compared 
with the wrist (Table I, P<0-025). As already men- 
tioned, in our present technique, when the flow 
through the anastomosis is not satisfactory, the vessels 
are dilated through the distal vein which is sub- 
sequently ligated, the final result being an end-to-end 
shunt in this case. Consequently, the frequency of 
end-to-end fistulas may be used as an index of quality 
of the local vascular bed. 

Ulnar fistulas were performed during the two 
successive periods of our experience and may thus be 
compared with radial fistulas. Fig. 5 shows that the 
survival rate was lower in ulnar anastomoses (P < 0-01), 
60-9 per cent being in use at 2 years while 80-5 per 
cent of radial fistulas still functioned. 

Thrombosis was responsible for 87-2 per cent of the 
109 late failures (Table IV). Infection led to the excision 
of 6 fistulas in dialysed patients, but it never occurred 


after transplantation. Other less frequent reasons for 
excision of the fistula were cardiac failure (3 cases), 
steal syndrome (2 cases) and venous aneurysm 
(1 case). Local infection at puncture sites and episodes 
of septicaemia related to a dialysis session occurred 
in 15 instances, but local treatment and adequate 
antibiotherapy were successful in every case. Our 
total experience with arteriovenous fistulas for 
haemodialysis was 236 patient years and the overall 
incidence of infection was of 1 case/11 patient years. 


Discussion 

The present study shows that various factors may 
influence the survival rates of arteriovenous fistulas 
constructed for repeated haemodialysis. The type of 
treatment is important, duration of patency of 
arteriovenous fistulas being greater with dialysis 
alone than when the patients are submitted to a 
combined programme of dialysis and kidney trans- 
plantation. Thrombosis remains the major cause of 
late failure—both during the dialysis period and 
after kidney grafting. In the latter case, it occurs 
sometimes during the surgical procedure or in the 
immediate postoperative period and could be due to 
hypercoagulability and blood pressure variations. 
More frequently, however, the fistula clots later on. 
A successful kidney graft induces a rapid correction 
of anaemia. Higher blood viscosity and decrease of 
cardiac output seem to be the most common 
mechanism of obliteration in this instance. 

The survival rates of arteriovenous fistulas are 
lower in women than in men, particularly after 
transplantation. Thus, in order to continue the treat- 
ment, repeated surgical procedures were needed 
more often in female than in male patients. Smaller 
calibre of arteries and veins and a greater tendency 
towards vasoconstriction certainly play a major role 
in the higher incidence of failure in women. 

Ulnar fistulas have a shorter survival rate than 
radial—cephalic shunts. Access to the basilic vein is 
difficult, for this vessel is mobile, thin-walled and very 
spastic, which leads to difficulties of cannulation 
during the first dialysis sessions and to a higher 
failure rate during the first 6 months of use. Later 
on the basilic vein becomes fixed by perivascular 
fibrosis due to multiple punctures, and cannulation is 
then easier and the survival curve stabilizes at 60-9 
per cent. One young woman, trained for home dialysis 
with an ulnar fistula, eventually was able to insert 
the cannula herself. Therefore, this technique should 
not be discarded; it is a rather simple method of 
vascular access in patients where the classic site for 
arteriovenous fistulas cannot be used because of 
thrombosis or prior insertion of external shunts. 

Ulnar fistulas were also created successfully in 
patients in whom a classic radial-cephalic fistula had 
failed (Kinnaert et al., 1971). 

Late failures also occurred during the first 6 months 
of use of radial-cephalic side-to-side arteriovenous 
anastomoses. At the end of the first year the rate of 
patency in dialysed patients was 87:6 per cent and 
it remained unchanged up to 3 years. Four of these 
internal shunts are presently functioning after more 
than 7 years. As already mentioned however, at least 
one-half of the patients in this group were selected 
according to the calibre of their vessels. 

End-to-side and end-to-end radial—cephalic fistulas 
were created in unselected patients. The less favourable 
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results observed with end-to-end anastomoses at the 
wrist are presumably the consequence of differences 
in the quality of the vascular bed. Indeed, these 
fistulas were primarily end-to-side shunts that were 
transformed into end-to-end anastomoses after 
mechanical dilatation of the vessels for insufficient 
flow (Kinnaert, 1976). These arteries and veins were 
usually very liable to go into spasm. 

A rather unexpected finding was the absence of late 
failures up to 2 years for end-to-side fistulas created 
in the mid-portion of the forearm. This location was 
usually chosen either because the distal vessels were 
not suitable or because of the previous failure of 
internal or external shunts at the wrist. Moreover, 
4 anastomoses were performed on recanalized vessels 
(Kinnaert et al., 1975). These excellent results could 
possibly be explained by a somewhat larger calibre of 
vessel and the lesser mobility of the mid-forearm 
during pronation and supination movements, which 
could reduce micro-trauma to the fistula. Although 
the technique leaves a shorter length of vein for 
cannulation, it is largely sufficient when the patients 
are dialysed with the single-needle method (Kopp 
et al., 1972). 

Easy access to the vessels is a critical factor in the 
treatment of patients with chronic renal insufficiency. 
Consequently, one should not waste their vascular 
supply by poorly considered surgery. Long term 
survival can now be obtained by a combined treat- 
ment of haemodialysis and transplantation (Salvatierra 
et al., 1976), but this implies that patients have to be 
returned to dialysis after rejection of their kidney 
graft. 

After 3 years of combined therapy, only 42-9 per 
cent of all arteriovenous fistulas are still functioning, 
which means that many patients may need multiple 
shunts. For these reasons, we think that, with the 
exception of very few cases, one should always start 
with the simplest method, i.e. a direct arteriovenous 
fistula. In spite of our excellent results with the mid- 
forearm location, the anastomosis should be created 
distally. Indeed, the number of patients with a 
proximal fistula is low and our finding should await 
further confirmation. Moreover, after late thrombosis 
of an arteriovenous fistula at the wrist, it is usually 
very easy to create another arteriovenous shunt higher 
up on the same vessels in the forearm. More complex 
procedures using autologous saphenous veins, bovine 
heterografts or prosthetic material should be a last 
choice. 
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Drug consumption before perforation of peptic ulcer 


T. GLARBORG JORGENSEN * 


SUMMARY 

In a retrospective study of 195 patients with a perforated 
peptic ulcer 18 per cent of the patients had taken 
aspirin, phenylbutazone or corticosteroids during the 
period before the perforation. In a controlled prospec- 
tive trial, 18 of 22 patients (82 per cent) had taken 
drugs known to be potentially harmful to the stomach. 
Aspirin was the drug mainly used. Thirteen of 22 
patients had taken the drugs within 12 hours of the 
perforation, usually because of symptoms not related 
to the gastro-intestinal tract. Drug consumption and 
perforation of pre-pyloric ulcers were most closely 
associated; the latter applies particularly to female 
patients, who either had only a short history of upper 
gastro-intestinal dyspepsia or were asymptomatic. 


Ir has been established by several authors that there 
is an association between upper gastro-intestinal 
bleeding and consumption of salicylates, phenyl- 
butazones, corticosteroids or indomethacin (Muir and 
Cossar, 1955; Levrat and Lambert, 1960; Labram, 
1963; Lövgren and Allander, 1964; Croft and Wood, 
1967; Glenn and Grafe, 1967; Taylor et al., 1968; 
Teutsch, 1968; Van Damme and Gerard, 1969). 

According to clinical reports on single cases or 
minor series of patients, peptic ulcer perforation may 
also be related to ingestion of the mentioned ‘anti- 
rheumatic’ drugs (Christensen, 1954; Brown and 
Mitchell, 1956; Levrat and Lambert, 1960; Cachin 
et al., 1966; Glenn and Grafe, 1967). Duggan (1965, 
1972) i iS the only author whose reports are based on 
findings in larger series of patients. 

The aim of the present study is to evaluate, in a 
series of patients with perforated peptic ulcer, the 
frequency and significance of consumption of sali- 
cylates and other anti-rheumatic drugs. 


Patients and methods 

In the period 1955-67, 353 patients were admitted to two 
surgical departments because of perforated peptic ulcer. 
Data on the duration of upper gastro-intestinal dyspepsia, 
drug consumption, the history of diseases other than peptic 
ulcer and localization of the ulceration were obtained from 
the case records. 

The ulcers were classified as juxta-pyloric or ulcers in the 
body of the stomach. The juxta-pyloric ulcers were then 
subdivided into duodenal ulcers, pyloric ulcers and pre-pyloric 
ulcers (the latter extending from the pyloric ring and 3 cm 
upwards in the oral direction). 

To supplement this retrospective study a further 22 patients 
with perforated peptic ulcer, who were admitted in the period 
1972-3, were interviewed; the site of perforation was localized 
exactly during surgery. Twenty patients who were hospitalized 
during the same period because of severe surgical diseases 
{acute pancreatitis, acute cholecystitis, incarcerated hernia 
and intestinal obstruction) were similarly interviewed to 
determine their pattern of recent drug consumption. 

The difference in frequency of drug consumption was 
determined by the x°-test. The level of significance was fixed 
at P<O-O5. 


Results 
Fig. 1 illustrates the distribution of ulcers and Fig. 2 
shows the duration of upper gastro-intestinal dyspepsia 
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Fig. 1. Site of ulceration in 354 patients with a perforated 
peptic ulcer (a series of 353 patients). It applies to 16 patients 
with juxta-pyloric ulcers for whom data in the case records 
were insufficient. Figures in brackets indicate the number of 
patients whose drug consumption was on record. 
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Fig, 2. Persistence of upper gastro-intestinal dyspepsia in 195 
patients with a perforated juxta-pyloric ulcer whose past 
medical history of drug consumption was available. 


in the patients participating in the retrospective trial. 
Data on the duration of dyspepsia were incomplete 
in the case records of those with ulcer of the body of 
the stomach. 

Additional diseases were manifest in 40 per cent 
of the patients with juxta-pyloric ulcer and in 63 per 
cent of those in whom the body of the stomach was 
involved. Arteriosclerotic cardiac diseases and chronic 
bronchitis predominated. 

A history of anti-rheumatic drug therapy was 
obtainable in 195 patients with a perforated juxta- 
pyloric ulcer (Table IT. Drug consumption was 
significantly more frequent among patients with a 
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Table I: CONSUMPTION OF ACETYLSALICYLIC 
ACID, PHENYLBUTAZONE OR CORTICOSTEROID 
BEFORE PERFORATION OF JUXTA-PYLORIC 
ULCERS IN 195 PATIENTS 


Drug consumption Males Females 
Positive history 14 (9%) 21 (51%) 
Negative history 140 (91%) 20 (49%) 


The difference between positive history in males and females 
is statistically significant (y? = 21-5, v= 1, P-<0-001). 


Table HH: CONSUMPTION OF ANTI-RHEUMATIC 
DRUGS BEFORE ULCER PERFORATION 
CORRELATED TO ULCER LOCALIZATION 


Ulcer localization 


Drug consumption Duodenal Pyloric Pre-pyloric 
Positive history 10 (13%) 7 (12%) 18 (31%) 
Negative history 70 (87%) 50 (88% 40 (69%) 


A positive history occurred significantly more often in 
pre-pyloric ulcers (y? = 7-5, v= 2, 0-01<P<0-025). 
Subdivision of the patients according to sex demonstrated 
the relation to be statistically significant only in the group of 
females. 


Table HI: DURATION OF UPPER GASTRO- 
INTESTINAL DYSPEPSIA RELATED TO DRUG 
INTAKE 


Duration of Positive history Negative history 
dyspepsia Males Females Males Females 


«<1 year 6 14 36 > 
> 1 year 8 vi 104 15 


A positive history was statistically significantly related to a 
duration of less than | year in females (z7 = 13-6, v= 1, 
P<0-05). It was non-significant in males. 


Table IV: LOCALIZATION OF ULCER 
PERFORATION RELATED TO DURATION OF 
DYSPEPSIA 

Duration of dyspepsia 


Ulcer localization. <1 year > | year 
Pre-pyloric 25 33 
Pyloric 11 46 


Duodenal 24 56 


A history of less than 1 year was significantly related to 
pre-pyloric ulcers (z? = 7-8, v= 2, 0-01<P<0-025). 


perforated pre-pyloric ulcer than among those with 
a pyloric or duodenal perforation (Table ID. In the 
group of female patients with a pre-pyloric ulcer, 
13 (50 per cent) had taken acetylsalicylic acid, com- 
pared with 2 of the 32 males (y? = 21-0, v= 1, 
P<0-001). 

The duration of upper gastro-intestinal tract 
dyspepsia as related to a history of drug intake 
appears in Table HI. Dyspepsia of short duration 
was found especially in the group of patients with a 
pre-pyloric ulcer (Table IV), Data on the drug 
consumption of patients with ulcers involving the 
corpus were available in 23 cases. Seven of these 
patients had taken acetylsalicylic acid and 3 had been 
treated with corticosteroids during the period pre- 
ceding the perforation. 

The group of patients directly interviewed com- 
prised 20 males and 2 females. If the group were 
subdivided according to duration of dyspepsia, the 
pattern would be similar to that seen in the presence 
of juxta-pyloric ulcers (Fig. 2). 


Table V: DRUG CONSUMPTION IN A SERIES OF 
22 PATIENTS WITH A PERFORATED ULCER 


Drug consumed No. of patients 


Aspirin or salicylamide 13 (7) 
Phenylbutazone 2 (i) 
Indomethacin 4 (4) 
Corticosteroids 2 (1) 
Anticholinergic drugs or none 4 (0) 


Figures in brackets indicate the number of patients who had 
taken drugs during the 12-hour period preceding the 
perforation. Three patients had taken two types of drug. 


Table Vi: INTAKE OF DRUGS DURING THE 
12 HOURS BEFORE PERFORATION RELATED TO 
THE LOCALIZATION OF THE ULCER 


No. of No. of patients taking drugs 
Site of ulcer Patients 12 hours before perforation 
Gastric i 1 
Pre-pyloric 13 10 
Duodenal 6 I 
Uncertain* 2 i 


Verified ingestion of drugs is statistically significant in cases 
of pre-pyloric ulcer (y? = 8-4, v = 3, 0025 < P<0-05). 

* The site of the ulcer was uncertain in 2 patients who were 
not subjected to surgery. Conservative treatment was used in 
both cases in which the diagnosis initially had been established 
as acute pancreatitis, 


Additional diseases were manifest in 12 of the 
22 patients. Seven of these had either been suffering 
from degenerative diseases involving the musculo- 
skeletal system or presented with signs of the latter, 
mainly in the form of osteoarthrosis of the hip joint 
and degenerative diseases involving the spine. Typical 
rheumatoid arthritis was manifest in one patient. 
Two patients were suffering from malignant diseases. 
In one patient cirrhosis of the liver was demonstrated 
at laparotomy and another patient was suffering 
from chronic bronchitis, emphysema and severe cor 
pulmonale. 

Eighteen of the 22 patients had taken aspirin, 
indomethacin, phenylbutazone or corticosteroids 
during the period preceding perforation of the peptic 
ulcer (Table V). Thirteen patients had taken one of 
these preparations less than 12 hours before perfora- 
tion occurred. Two had taken the drugs because of 
upper abdominal pain. Most of the patients declared 
that a headache or musculoskeletal pain had been 
the reason for their taking the drugs. 

An attempt was made to associate the duration of 
drug consumption and that of dyspepsia. Reliable 
information was obtained from 16 patients. Seven 
of these had experienced upper gastro-intestinal 
dyspepsia before they began to take medicine, in 
8, drug ingestion preceded dyspepsia and one patient 
declared that onset of dyspepsia and intake of aspirin 
were simultaneous events. 

Of 6 patients in whom dyspepsia had been manifest 
for less than 6 months before perforation occurred, 
the past medical history included data on drug 
consumption in 5. If drug consumption during the 
12-hour period preceding perforation is compared 
with localization of the ulcer, there is a statistically 
significant predilection for pre-pyloric sites (Table V1). 
Eight of the patients with a pre-pyloric ulcer had 
taken aspirin and 2 had taken indomethacin. Five of 
the 20 patients who were admitted on account of 


other severe surgical diseases had taken aspirin at 
one time or another. The drug had been taken to 
alleviate headaches or similar ailments. Only one 
patient admitted a regular intake of drugs; otherwise 
medicine had not been taken by any of these patients 
during the 12-hour period immediately preceding 
their admission to hospital. 


Discussion 

This study confirms the high incidence of consumption 
of drugs potentially harmful to the gastro-intestinal 
tract by patients who present with perforated ulcer. 
Further, it suggests that, if specific inquiry is made, 
the incidence is even higher than expected, and that 
perforation of a pre-pyloric ulcer is very strongly 
associated with drug ingestion. The second observa- 
tion may imply that the drug is causative rather than 
merely exacerbating, particularly in that the dyspeptic 
history of such patients is usually short. The work of 
others also indicates that drug consumption by 
females is associated with pre-pyloric ulceration 
(Christensen et al., 1970; Cameron, 1973). The data 
from this survey also indicate that a longer history 
of drug ingestion is associated with perforation of 
the body of the stomach, a finding which bears out 
Australian experience on the incidence of gastric 
ulcers (Duggan, 1972). Most of our patients in this 
class had other diseases—-particularly musculoskeletal 
~~-which accounted for their drug ingestion. 

it has been suggested that patients will consume 
common household remedies such as acetylsalicylic 
acid when abdominal pain occurs rather than that 
such drugs cause the ulcer and its perforation 
(Langman, 1970). Only 2 of 13 patients in our series 
did this, however, which discounts the importance of 
such a course of action. 

It is always difficult in a complex clinical situation 
to disentangle causative and associative events. 
Nevertheless, this study indicates a role of considerable 
importance in perforated peptic ulcer for drugs of 
the anti-rheumatic class and suggests that a history of 
their ingestion should be sought with some diligence. 
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Diagnosis of acute abdominal pain in the 
accident and emergency department 
D. H. WILSON, P. D. WILSON, R. G. WALMSLEY, JANE C. HORROCKS AND 


F. T. DE DOMBAL* 


SUMMARY 

This paper reports the findings in a study involving 1537 
patients with ‘acute abdominal pain’ presenting over a 
13-month period to the Accident and Emergency 
Department of the General Infirmary at Leeds. Of 
these, 341 patients who proved to have pain of greater 
duration than a week, pain incidental to some other 
identifiable condition or no pain at the time of their 
attendance were excluded. The remaining 1196 were 
diagnosed clinically (using a structured case sheet) and 
subsequently by a Bayesian computer system. Feedback 
of the results of clinical and computer systems was 
given to clinicians at regular intervals, Clinical diagnos- 
tic accuracy in patients with surgical disorders rose 
from 40 per cent before the study to 61 per cent. 
Computer accuracy in these patients was 69-9 per cent. 
The proportion of patients sent home without ill effects 
rose from 20 per cent to 39 per cent. In other areas 
(e.g. gynaecology) the effects were less marked. It is 
suggested that the introduction of a simple postgraduate 
educational service, aided by a small computer, might 
prove of practical benefit in this clinical situation. 


Introduction 

WE have previously found that doctors who see and 
admit patients with acute abdominal pain of less than 
1 week’s duration in the accident and emergency 
department make a correct diagnosis in less than half 
the cases (de Dombal et al., 1974). Others have since 
reported similar experience (Bjerregaard et al., 1976; 
Gunn, 1976; Horrocks et al., 1976). 

Diagnostic accuracy improves as the patient passes 
through the hospital system, and the preoperative 
diagnostic accuracy of some surgical registrars can be 
as high as 85 per cent (Wilson et al., 1975). However, 
this figure neglects the time sequence. What may be an 
easy diagnosis by the time the patient is seen by the 
registrar may have been formidably difficult when the 
patient first emerged from the ambulance. 

In 1973 we attempted to improve the diagnostic 
performance of medical staff in the Emergency 
Department of the General Infirmary at Leeds in three 
ways. First, we designed a pro forma for recording 
details of abdominal pain. Secondly, all cases were 
analysed via a small desk-top computer and the results 
of this analysis (together with the computer’s own 
diagnostic prediction) were fed back at intervals to the 
doctors. Finally, on much less frequent occasions, 
more didactic postgraduate teaching was given, in 
which we discussed with the medical staff the findings 
from a series of several thousand patients with abdomi- 
nal pain. Our subsequent experience, covering a 
period of 13 months from August 1973 to August 1974, 
and dealing with a total of 1196 patients, forms the 
basis of the present report. 


Patients 
In Leeds patients are referred by their general practitioners 
direct to the Emergency Department of one of the two hospitals 


(the General Infirmary and Leeds (St James’s) University 
Hospital) on an alternate-day arrangement or else appear with- 
out any prior medical consultation. The Emergency Depart- 
ment of the General Infirmary therefore sees approximately 
one-half of all patients referred to hospital with acute abdominal 
pain from the City of Leeds (over 100 patients per month). 

During the period under review a total of 1537 patients 
presented at the General Infirmary with acute abdominal pain: 
341 of them were excluded from the trial for various reasons. 
Some had long-standing dyspepsia from a known peptic ulcer 
and were attending to obtain antacid therapy. Others gave a 
history indicating their abdominal pain was incidental to a 
more important problem elsewhere (e.g. patients with an 
obvious irreducible inguinal hernia and pain radiating from the 
groin to the lower abdomen). Most patients rejected from the 
trial, however, were those with long-standing abdominal pain 
already seen and diagnosed elsewhere; these patients were 
merely attending the Emergency Department with the hope of 
obtaining some further treatment. 

Finally, there were a few patients who denied having abdomi- 
nal pain by the time they were seen in the Emergency Depart- 
ment. As these patients did not pose a diagnostic problem, to 
have included them would have biased the study unfairly in 
favour of the clinician and computer and for this reason they 
were excluded. 

A total of 1196 patients was admitted to the present study. 
All suffered from acute abdominal pain of less than 1 week’s 
duration and were still undiagnosed when they arrived in the 
Emergency Department. As such they were comparable with the 
series of 552 patients whose analysis formed the basis of our pre- 
vious report (de Dombal et al., 1974), which enabied us to make 
some reasonably valid comparisons between the two series. 


Methods 

Details of each patient's history and physical examination at 
presentation were recorded on a specially designed pro forma 
(Fig. 1). The form resembled that used in our earlier studies 
(Horrocks et al., 1972) but with some modifications (such as 
details of gynaecological symptoms) which reflected the wider 
spectrum of cases seen in the Emergency Department. Each 
form was of the ‘write-through’ type, so that by filling out a 
form, the doctor automatically generated a second copy on the 
sheet beneath. The top copy was used as a permanent case 
record and the second copy used for subsequent analysis via the 
the computer-aided system. 

At intervals of approximately 1 month the Emergency 
Department staff were given details of their overall diagnostic 
performance. Details of individual performance were made 
available upon request-——though only to the specific individual 
concerned. In no instance were details of one doctor's diagnostic 
performance made available to another doctor. 


Computer-aided system 

Details of the computer-aided system used to analyse the case 
histories are given elsewhere (Horrocks, 1974). The system 
utilized a WANG 700C desk-top computer-calculator and 
employed software and programs written by one of us (J. C. H.). 
Each new case was analysed by comparing the clinical attri- 
butes of the new patient with data from several hundred 
similar patients with acute abdominal pain--data already 
stored in the computer’s memory. This analysis was carried 
out by a mathematical method first devised by the Reverend 
Thomas Bayes (Bayes, 1764). 





* Accident and Emergency Department, The General Infirmary, 
Leeds. 
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ACUTE ABDOMINAL CHART 


. 
NAME CASUALTY NUMBER 
AGE SEX CASUALTY OFFICER 
PRESENTATION (999, GP etc.) DATE/TIME 


Anorexia 
Weight 


HISTORY EXAMINATION 
PRESENTING SYMPTOM(S) 40 T 
zk Mood p 
zZ Colour R. 
OZ B.P. 
x 
iii 
Movement 
Scars 
Z | Distension 
Site at onset Site at present Q 
Severity r 
Aggravating factors < 
Relieving factors = 
Progress xX 
Duration R 
Type of pain = | Tenderness (indicate) Swellings (indicate) 
i Z Rebound 
Nausea = Guarding 
Vomiting Q idi 
£ Q Rigidity 
< 


Murphy’s sign 
Bowel sounds 


Previous indigestion 
Jaundice 

Bowels 

Micturition 

Previous similar pain 


_ RELATING SYMPTOMS 


Periods 
Female 4 Vag. discharge 
_ Pregnancy 


Previous operations 





OTHER EXAMINATION 


Previous illnesses 


PAST MEDICAL HISTORY | 


Allergies 










CASUALTY OFFICER’ 


DIAGNOSIS DIAGNOSIS and TREATMENT 


OTHER 


Rectal examination 


Fig. 1. Sample of the form used in the Emergency Department for recording data 


from patients with acute abdominal pain. 


Patients dealt with by the original Leeds system (Horrocks, 
1974) were almost exclusively of a general surgical nature, 
whereas in the present study patients with gynaecological and 
urological problems were included. The computer’s data-base of 
information had therefore to be expanded to consider disorders 
such as salpingitis and urinary tract infections—details of the 
expansion are given at greater length elsewhere (Walmsley, 
1977; Walmsley et al., 1977). 


Diagnostic criteria 
Table I shows the group of 1196 patients according to their 
eventual diagnosis—the diagnosis which in retrospect was felt 


to be the most probable in each individual case (this being 
decided upon following a thorough review of each patient's 
available case data after their discharge from hospital). Many 
diagnoses were established after surgical intervention and histo- 
pathological examination of the excised specimen; every 
diagnosis of acute appendicitis was established in this fashion. 
Occasionally (e.g. acute pancreatitis) biochemical evidence 
was accepted, as was radiological evidence in cases of acute 
small bowel obstruction that did not come to operation. 

The vast majority of gynaecological diagnoses were made 
operatively. This applies to every case of ectopic pregnancy 
and ovarian pathology. Approximately half of the cases of 
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Table I: FINAL DIAGNOSES IN A SERIES OF 1196 
PATIENTS ACCEPTED FOR THE PURPOSES OF THE 
PRESENT SURVEY” 


Percentage 
No. of of 

Diagnosis cases total 
Non-specific abdominal pain $45 45-6 
Appendicitis 187 15-6 
Dyspepsia 91 7-6 
Cholecystitis 69 5-8 
Mesenteric adenitis 43 3-6 
Urinary tract infection 38 32 
Smal! bowel obstruction 31 2-6 
Constipation 29 2-4 
Perforated peptic ulcer 27 2°3 
Salpingitis 25 2-1 
Gastritis 25 21 
Renal colic i8 L5 
Pancreatitis 16 13 
Diverticular disease 13 1-1 
Dysmenorrhoea 13 1+] 
Ovarian cyst 6 05 
Ectopic pregnancy 2 0-2 
Incomplete abortion ] 0-1 
Other, miscellaneous 17 1-4 
Total 1196 100-0 


* The patients presented to the Emergency Department with 
undiagnosed abdominal pain of less than | week’s duration. 


salpingitis came either to operation or to laparotomy, and in the 
remainder the diagnosis was made by high vaginal swab 
culture as well as rapid response to appropriate therapy. The 
diagnosis of incomplete abortion was made on the basis of 
curettage specimens taken from the patients in this category. 

The diagnosis of urinary tract infection was made on the 
basis of midstream urine specimens—-fresh samples with more 
than 100 000 organisms/ml—-coupled with, in most instances, 
pus cells on microscopy. The evidence for ureteric stone was 
usually operative, but in a few cases where the stone was passed 
spontaneously, typical radiological findings were accepted. 

Finally, a substantial proportion of patients were placed in a 
further category which we have called non-specific abdominal 
pain (NSAP). Shepherd (1972) remarks that this is scarcely a 
diagnosis, yet it is a concept familiar to all those who deal with 
acute abdominal pain and it is a useful category in terms of 
patient management-—since it implies that no immediate 
surgery is necessary. In the present study its use Is restricted to 
patients whose symptoms rapidly settled and who returned 
home without either specific therapy or the establishment of 
any of the other diagnoses listed in Table I. In practice this 
category also includes a small group of patients who came to 
negative laparotomy. 


Results 

Overall diagnostic accuracy 

Fig, 2 shows the monthly overall diagnostic accuracy 
for the period August 1973 to August 1974. An 
attempt is made to put these figures into context by 
indicating on Fig. 2 the normal range for an emergency 
department dealing with patients suffering from acute 
abdominal pain. This normal range is derived from a 
large series of cases (over 2000 in all) from Leeds, 
Scotland (Gunn, 1976) and Denmark (Bjerregaard et 
al., 1976). In every month of the trial the diagnostic 
accuracy of the medical staff (mostly at senior house 
officer level) was at least 5 per cent higher than the top 
of the normal range, and in some months, 15 per cent 
higher. 


Diagnostic accuracy on surgical cases 
From Fig. 2 it is not possible to make a direct estimate 
of the value of the régime instituted by us in August 
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Fig. 4. Proportion of patients sent home directly from the 
Emergency Department during each month of the survey. 


1973. Our previous studies dealt with purely general 
surgical disorders. Thus most of the feedback in the 
early stages of the trial dealt only with the general 
surgical causes of acute abdominal pain, and in the 
early stages of the trial these were the only disorders 
which the computer-aided system could recognize. A 
clearer indication of the régime’s effect is therefore 
seen in Fig. 3, which considers the seven common 
surgical causes of acute abdominal pain dealt with in 
our previous studies. 

In our previous series of 552 patients (from 1971 to 
1972) the overall accuracy noted in the Emergency 
Department was 42 per cent. In the present series it 
ranged from 52 to 73 per cent. Overall, the clinicians’ 
diagnostic accuracy in these cases (61 per cent) was 


significantly higher than in the previous sample of 552 
patients (42 per cent). The computer’s accuracy (60-83 
per cent, overall 69-9 per cent) was higher than that of 
the unaided clinician in 12 out of the 13 months; in 
some months (September 1974, January 1975 and 
August 1975) the accuracy was around 20 per cent 
higher than the unaided clinician. 


Practical assessment 

It can be argued that precision in diagnosis is of 
limited value in an emergency situation and that the 
overriding consideration in any emergency department 
when facing a patient with acute abdominal pain is 
whether or not to admit the patient to hospital. In this 
context (Fig. 4) the proportion of patients sent home 
directly from the Emergency Department during the 
period of the survey increased quite markedly. Before 
the measures taken in 1973, this figure for the General 
Infirmary was around 20 per cent, whilst Gunn (1976) 
estimates the proportion in Bangour, Edinburgh, as 
being 16-19 per cent. During the 13 months of the 
trial the comparable figure in this series ranged from 
27 per cent to just over 50 per cent, with a mean of 
39 per cent. 

Sending a high proportion of the patients home is no 
guarantee of an improvement in therapy, unless one 
can be reasonably sure that some of these patients did 
not come to harm thereby. It is necessary to inquire 
what proportion of the patients sent home presented 
elsewhere the next day with, for instance, acute 
appendicitis. In Leeds there are only two hospitals 
where such patients are likely to present, the General 
Infirmary and St James’s Hospital. We are aware of 
three instances during the conduct of the survey in 
which a patient, discharged from the Infirmary, has 
presented at St James's with acute appendicitis. 
Normally, such a series of occurrences would invali- 
date the benefits of sending many more patients home, 
but in this instance 2 of the patients were initially 
admitted to the Infirmary by one of the Emergency 
Department medical staff who was using the system 
outlined and subsequently discharged without surgical 
treatment by a more senior colleague was who not. 
The Emergency Department doctor can scarcely be 
regarded as responsible for their discharge, and we 
can thus adduce little evidence from this series that the 
increase in the patients sent home has been accom- 
panied by an increase in patients referred elsewhere 
with complaints requiring urgent attention. 


Discussion 

In carrying out this study our main aim was to improve 
the diagnostic performance of the doctors in the Emer- 
gency Department in question. There is some evidence 
from Figs, 2-4 that an improvement in diagnostic 
performance has taken place. In respect of the surgical 
acute abdomen-—-where we can make a direct com- 
parison-—overall diagnostic accuracy has improved 
from 42 to 61-5 per cent. This is an improvement in 
round figures of 20 per cent but it represents an 
improvement of approximately 50 per cent in the 
diagnostic success of the individual doctors. Moreover, 
if one includes gynaecological and urological cases as 
well as general surgical patients, the diagnostic average 
of the Emergency Department medical staff as a whole 
(65-6 per cent) was over 10 per cent above that which 
has been recorded in a number of other studies. 
Finally, the proportion of cases who returned directly 
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home increased by over one-half, without a concomi- 
tant increase in missed appendicitis cases. 

Nevertheless, before these apparently encouraging 
results can be accepted, it is necessary to explore 
certain potential criticisms of the present study. First, 
it in no way constitutes a formal controlled trial. 
(The only way in which such a trial could be conducted 
would be either to compare different doctors or to 
allocate patients at random to be dealt with using or 
not using the régime outlined. This would scarcely 
have been practical and we have therefore chosen to 
compare two time periods, invoking the null hypothe- 
sis on the basis that little else changed in the Accident 
and Emergency Department other than the introduc- 
tion of the system.) We are fully aware of the potential 
hazards in analysing a survey of this nature, but the 
magnitude of the changes, and the consistency with 
which they occurred, leave us in little doubt that they 
represent a real improvement in performance. 

Secondly, as already pointed out, this was not a 
consecutive series in the sense that over 300 patients 
were excluded from the present study because they did 
not (by our definition) suffer from acute undiagnosed 
abdominal pain. Undoubtedly the definition of acute 
abdominal pain as pain of less than 1 week’s duration 
leaves us open to criticism, but certain points are worth 
making. First, acute surgical cases (where direct com- 
parison was possible) showed the widest margin of 
improvement in clinicians’ performance. Secondly, 
many rejected cases were obvious from a diagnostic 
standpoint—patients with no pain at all, patients with 
a large, irreducible hernia, known ulcer patients with 
epigastric pain for a year or more. Inclusion of these 
patients would have improved the diagnostic average 
still further. Nevertheless, we have excluded them as 
we do not consider them true acute abdomen cases. 
Finally, Gunn (1976), reporting a similar series from 
Edinburgh, outlines results that are in many instances 
very close to our own findings. 

As regards the computer-aided system, the implica- 
tions from this study are mixed. In surgical cases, for 
whom we were able to transpose our own system 
directly to the Emergency Department situation, the 
computer-aided diagnostic prediction was more 
accurate than the clinician in 12 out of the 13 months, 
and the overall accuracy (just under 70 per cent) was 
8-4 per cent higher. The computer, however, did less 
well in diagnosis of urological and gynaecological 
cases, so that overall the computer’s accuracy (65 per 
cent) was about the same as that of the unaided 
clinician (65-6 per cent). In retrospect this can be seen 
to be due to two factors. Our initial programs for 
gynaecology and urology were based upon too small 
samples. With increasing sample size (Walmsley et al., 
1976) the computer-aided performance in gynaeco- 
logical and urological disorders rose to over 80 per 
cent. The second factor was failure to include dyspepsia 
in the spectrum of diseases with which the computer 
was programmed. We failed to realize what a high 
proportion of patients (91 in the study, 7-6 per cent) 
present to an emergency department with short-term 
dyspepsia. We have since developed a computer-aided 
diagnostic system for dyspepsia which itself is over 
80 per cent accurate (Horrocks and de Dombal, 1975). 

Nevertheless, the role of the computer in this study 
was that of a sophisticated postgraduate educational 
device, and in this respect it seems to have met with 
some success. It takes on average 2-4 days for patients 
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with non-specific abdominal pain to be discharged 
from hospital. This time is spent in observation of the 
patient coupled with specific investigations such as 
white cell count and analysis of urine. During the 
present trial, if one invokes the null hypothesis, it 
might have been expected that just under 240 patients 
(20 per cent of the total of 1196) would have been sent 
home. Actually, some 470 patients (39 per cent) were 
sent home, twice what would have been expected, and 
again these data are paralleled by data from Edin- 
burgh (Gunn, 1976). 

The saving to the General Infirmary, Leeds, 
resulting from the improvement in performance 
amounts to just over 500 bed nights, all on acute 
surgical wards. This is a very small fraction of the total 
surgical bed nights in the hospital, but any such saving 
is welcome, and in financial terms the saving (at 1973 
prices) of £17/bed night works out at just over £9000. 
More important, it is possible to argue that 50 or so 
patients who were admitted to (empty) surgical beds 
during the year for major surgery would not have been 
so admitted had the diagnostic performance of the 
Emergency Department medical staff not improved 
during the year in question. 
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Surgical treatment of sclerosing peritonitis 


caused by practolol 
B. T. JACKSON* 


SUMMARY 

A detailed and illustrated account is given of the 
surgical operation needed to treat practolol-induced 
sclerosing peritonitis, based on the personal experience 
of 6 patients. 


In 1974 Brown et al. reported the details of 3 patients 
who had developed widespread thickening of the 
visceral peritoneum after receiving the beta-blocking 
drug practolol. They named the condition ‘sclerosing 
peritonitis’ and there have since been a number of 
single cases reported in correspondence (Dunstone 
and Ive, 1975; Gurry et al., 1975; Halley and Good- 
man, 1975; Hensen et al., 1975; Hunt and Frew, 
1975: Mallya and Morris, 1975; Minton et al., 1975; 
Windsor et al., 1975; Cook and Foy, 1976). As many 
as 60 further cases of this unique condition are now 
known to the Committee on Safety of Medicines. In 
sclerosing peritonitis the entire small intestine is 
surrounded by a membrane of fibrous material, 
which causes shortening and angulation of the bowel, 
which in turn may cause subacute intestinal obstruc- 
tion. Adjacent loops of the affected small bowel are 
usually encased in a surrounding cocoon of the same 
fibrous material. The membrane may also extend 
over the large intestine, stomach and liver, but it 
does not normally cause compression of these organs. 
There is often an associated mobile mass apparently 
arising out of the pelvis, which is caused by the matted 
small bowel encased in the fibrous cocoon. 

The diagnosis is not difficult now that the associa- 
tion between practolol and intestinal obstruction is 
known, but unfortunately the primary surgical 
treatment has often been inadequate, resulting in the 
need for second and third laparotomies. Every 
abdominal surgeon should therefore be aware of 
this condition and should be familiar with the details 
of its surgical management, for it is likely that more 
cases will present. If the correct radical surgical 
operation is performed, the patient is immediately 
relieved of all symptoms. Although follow-up is still 
short, being in the main less than 2 years, there have 
been no published reports of recurrence after radical 
surgery. 

Six patients with sclerosing peritonitis have been 
managed at St Thomas’s Hospital during the past 
18 months, all having previously undergone unsuc- 
cessful attempts at surgical treatment in other 
hospitals. This short paper gives an illustrated account 
of the surgical technique of treating the condition. 


Preoperative management 

The diagnosis of sclerosing peritonitis should be 
considered in all patients who present with the symp- 
toms and signs of subacute intestinal obstruction and 
who give a history of having taken practolol. The 
patient may still be taking the drug or may have 
stopped therapy several months before presentation. 
There may be a palpable mobile mass apparently 
arising out of the pelvis. Radiological investigations 


are unhelpful and the final diagnosis is by the dis- 
tinctive visual appearance at laparotomy (Fig. 1). 
Once intestinal obstruction has developed there is 
no place for conservative management, and an elective 
laparotomy is indicated. A short course of pre- 
operative intravenous feeding should be considered, 
however, for many of these patients are cachexic and 
dehydrated. The obstruction is never acute and there 
is seldom the need for a hasty operation. 

The operation is slow and time-consuming and may 
take 4-5h to perform. It is therefore prudent to 
allocate an entire list to the one patient and for the 
surgeon and his assistants to be fresh. A urinary 
catheter should be passed before towelling up, both 
to monitor the urine output and to ensure that the 
bladder is collapsed so that it does not impede 
access in the pelvis. The entire abdomen should be 
prepared so as to allow a full-length right paramedian 
incision from the costal margin to the pubis. 


Operation 

The smal! intestine will be found matted together, 
shortened and encased in a white fibrous membrane 
of varying thickness, creating a mobile ‘packet’ of 
intestine which can often be lifted from the peritoneal 
cavity. This packet of intestine represents the mobile 
mass so often palpable before operation. The mem- 
brane will invariably be seen to extend on to the 
mesentery of the small bowel and may extend on to 
the caecum, colon and rectum as well as the anterior 
wall of the stomach and liver. It may also extend 
on to the greater omentum. It is at this early stage 
of the operation that the freeing of the bowel will 
appear most formidable, but the surgeon should 
take heart, for time, patience and care are needed 
rather than special surgical skills; the operation is 
tedious rather than difficult. 

The objective is to strip away completely the fibrous 
membrane that surrounds the bowel, thus exposing 
the normal serosa of the intestine from duodenum 
to terminal ileum. If the large bowel is involved this 
will need stripping of the abnormal membrane as 
well, for large intestinal obstruction can also occur. 
Bypass procedures are contraindicated. Fortunately a 
plane of cleavage exists between the membrane and 
the underlying serosa of the bowel which is avascular 
and not difficult to find. Using a pair of dissecting 
scissors and broad-ended non-toothed dissecting 
forceps it is possible to enter this plane and, working 
first in one direction and then in another, to expose a 
loop of bowel (Fig. 2). It will soon become apparent 
that the bowel is shortened in a concertina-like 
fashion and several centimetres of bowel may be 
freed through a very short incision in the encasing 
membrane. Having exposed the loop of bowel the 
dissection is continued so that, as the membrane is 
dissected off the serosa of the bowel, it may be 
stripped away by avulsion (Figs. 3-5). 


* St Thomas’ Hospital, London. 
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Fig. 1. The distinctive appearance of sclerosing peritonitis, 
showing the white fibrous membrane encasing the small 
intestine. 





Fig. 2. A plane has been entered between the fibrous 
membrane and the small intestine to display the serosa of the 
bowel. Note that the bowel is shortened in a concertina-like 
way. 





Fig. 3. Stripping of the fibrous membrane from the loop of 
small intestine. Note the avascular plane of cleavage between 
the membrane and the serosa. 


The operation continues until the entire small and 
large bowel have been freed of the membrane (Fig. 6). 
With care it is possible to complete this without 
perforation of the bowel, but in practice a small 








Fig. 4. The membrane is now almost completely stripped 
away from the loop of intestine. Note that the membrane 
extends on to the small bowel mesentery. 
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Fig. 5. The loop of small intestine is completely freed from 
the surrounding fibrous membrane. 


! 





Fig. 6. The completion of the operation, showing the entire 
small intestine stripped of the fibrous membrane, some of 
which is seen on the swab. 


perforation is easily made. Fortunately normal 
healing of the bowel does not seem to be impaired in 
these patients. A careful two-layered closure of the 
perforation is performed using 00 chromic catgut. 


Postoperative fistula formation does not seem to be 
a problem provided the membrane has been com- 
pletely removed; failure to strip away the membrane 
from the site of any perforation, however, may result 
in a fistula. 


Postoperative management 

Perhaps surprisingly, postoperative ileus has not been 
a problem. It might be thought that paralytic ileus 
would be common with such extreme handling of the 
intestine as well as the prolonged exposure necessary, 
but, in fact, the freed intestine often shows vigorous 
peristalsis during the later stages of the operation 
while further stripping is taking place. Intravenous 
fluids and nasogastric aspiration are required for the 
immediate postoperative period and routine pro- 
phylactic treatment for deep vein thrombosis should 
also be given. The patient is able to leave hospital 
symptom-free between the tenth and fourteenth days 
after the operation. 
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Protection of the skin around intestinal fistulas 


ERROL GROSS AND MILES IRVING* 


SUMMARY 
The use of two recently introduced skin protective 
preparations in the treatment of perifistular skin inflam- 
mation is described. Karaya gum in paste form (karaya 
paste) and a compressed wafer of gelatin, pectin and 
methyl cellulose (Stomahesive) were used, alone or in 
combination, with drainable collecting appliances. 
The method protects the inflamed skin from fistula 
discharge and allows healing to proceed beneath the 
dressing. A technique to improve the adhesion of the 
appliance, in spite of large fluid losses, is outlined. 
Healing of skin excoriation was obtained in nearly 
all cases. Complete control of leakage was achieved in a 
group of patients with a high output fistula. 


OF the many problems in the management of patients 
with an enterocutaneous fistula, the occurrence of skin 
excoriation around the fistulous opening can be one 
of the most arduous to treat. In addition, patients 
with a high output fistula present difficulties with the 
fixation of an appliance when fluid losses are large. 
Efficient collection of all external discharge is impor- 
tant for accurate measurement of nitrogen and 
electrolyte balance; a leakproof seal considerably 
improves the patient’s morale and comfort. 

Earlier methods of skin protection, such as nursing 
the patient prone on a split bed or sump suction 
drainage combined with dressings of aluminium paint, 
porridge oats or even fresh placenta, have all now 
been replaced by reasonably efficient self-adhesive 
“stoma bags’. The original Koenig—Rutzen bag (Strauss 
and Strauss, 1944) led to the development of the 
modern range of transparent, lightweight polythene 
bags which have partially controlled the problem of 
odour. Using these appliances, some with their own 
integral karaya ring washers, most people with an elec- 
tively created stoma handle the situation efficiently. 

Though these methods are ideal for the formal 
stoma, difficulties arise if the mouth of the fistula is 
associated with a surgical scar, or is partially retracted 
or too closely related to a bony prominence. In other 
instances complications develop which are related to 
the perifistular skin. What may commence as a 
simple contact dermatitis is rapidly aggravated by the 
irritant effluent, and a raw weeping inflamed area 
results. This prevents adequate adherence of the 
collecting system, further leakage ensues and a vicious 
circle is rapidly established. Even more difficult to 
contend with is the high output fistula which dis- 
charges intestinal content copiously through the 
centre of a laparotomy wound which has extensively 
broken down. 

Todd and Saunders (1971) have described a 
preparation (Stomahesive, E. R. Squibb & Sons Ltd) 
which was a significant advance in managing these 


conditions. However, this alone has not been 
sufficient to control the high output fistula or the 
adversely situated stoma in all cases. The introduction 
of a new formulation of karaya gum (karaya paste, 
Abbott Laboratories Ltd) seemed to have useful 
potential as an adjunct in stoma therapy. This paper 
describes our experience with these preparations in 
the management of intestinal fistulas. 


Materials and methods 
As soon as a fistula becomes apparent, the situation is 
carefully assessed, the presence of excoriation noted 
and the volume of discharge recorded. Suction drains 
are removed and the skin cleansed with cetrimide 
solution (Fig. 1). The basic appliance used is a drain- 
able polythene bag with an integral karaya seal ring 
(Hollister Inc., Chicago). These bags are easy to 
apply and the washers have excellent adhesive and 
protective properties. The appropriate diameter ring 
is selected and an assessment made of the materials 
necessary to protect the perifistular skin. 
Stomahesive squares consist of gelatin, pectin, 
sodium carboxymethylcellulose and polyisobutylene 
compressed into a 1-3-mm thick wafer with polythene 
backing on one side and silicone release paper on the 
other. The square is prepared by cutting a centre hole 
to fit the size and shape of the fistulous opening on to 
the skin surface (Fig. 2). Care is taken to leave as little 
skin exposed as possible between the fistula pening 
and the edges of the material. To ensure accurate 
fitting these edges may be folded into the fistula 
lumen using multiple small radial incisions around 
the centre hole. The release paper is removed, the 
dressing applied and held in place for about 30 
seconds to improve adhesion. The open-ended trans- 
parent polythene collecting bag with its own integral 
karaya washer is applied to the square (Figs. 3, 4). A 
small plastic clip allows emptying of the system with- 
out frequent disturbance of the Stomahesive. 
Karaya paste is a new presentation of the well- 
established karaya gum. The active principle is 
obtained from the bush Sterculia urens which is 
related to the cocoa tree. Karaya washers are manu- 
factured by adding glycerine to karaya powder. In 
this new formulation, various chemicals are combined 
with the gum to produce a thick sticky paste. The 
required amount is squeezed out from the tube 
directly on to the skin and then spread in a thin 
film using disposable wooden spatulas. The paste 
adheres well to dry skin, but may also be used on 
moist raw surfaces. On these areas a mild stinging has 
been mentioned by some patients, presumably 
caused by the alcohol content in the mixture. The 





* University Department of Surgery, Hope Hospital, Salford. 


paste must be allowed to become slightly tacky before 
an appliance or square of Stomahesive is applied. An 
excellent bond results between paste and washer. 

To deal with an area of inflamed skin around a 
fistula a thin layer of paste is spread as close as 
possible to the enterocutaneous margin and extending 
outwards for approximately 4cm (Fig. 5). The same 
type of drainable bag with karaya seal is then fixed 
in position and emptied, as described. 

Karaya paste plays an effective role in cases where 
because of irregularity of the skin (Figs. 6, 7) or 
because the fistula presents in the depths of a wound 
(Fig. 8) Stomahesive is unable to maintain a leakproof 
seal. The cracks and grooves in the skin are filled in 
with the paste before applying the square around the 
site of discharge. This prevents fluid from leaking out 
and rapidly elevating the completed assembly. The 
objective is, therefore, to build up a watertight 
fitting level with the remainder of the surface and with 
the Stomahesive square firmly fixed on top. 

Low output fistulas are easily managed using these 
techniques. High output losses pose a problem in that 
the paste barely has time to dry before a gush of fluid 
covers it. Once the paste becomes mixed with such 
fistula fluid its adhesive property seems less and it 
does not spread as well. By using a Foley catheter 
inside the fistula lumen it is possible to divert the 
effluent for a period of 3-4 minutes, sufficient to 
allow the paste to dry. A gauze pad has also been 
used on low output fistulas to control fluid overspill 
during the dressing. 

The high output fistula through a large defect in 
the abdominal wall presents the most challenging 
problem. Such cases usually occur when the lapar- 
otomy wound has broken down completely and 
the fistula fluid leaks out from one or more sites 
through the centre of the wound. A ‘bridge’ technique 
is used. An initial layer of karaya paste is spread out 
along the wound edges. Strips of Stomahesive 5 cm 
wide are then laid along the sides and a similar strip 
is placed across the centre of the wound to build a 
bridge for the appliance bags. Gaps between the 
strips are sealed with karaya paste. This allows the 
fixation of two drainable bags, as shown in Fig. 10. A 
larger karaya seal bag (44-in colostomy starter set) is 
sometimes used, depending on the length of the 
wound (Fig. 9). The recent introduction of larger 
pieces of Stomahesive for such situations will be of 
value, but of themselves they are not sufficient to 
control leakage without the use of karaya paste. 


Results 

Fourteen patients (8 males and 6 females; age range 
28-92 years) have so far been treated with the two 
preparations. Nine presented with signs of marked 
skin excoriation and the remainder had problems 
relating to control of a ‘difficult’ fistula. One fistula 
developed in the thoraco-abdominal incision of a 
cardio-oesophagectomy, 2 followed difficult peptic 
ulcer surgery and one complicated cystogastrostomy 
for a pancreatic pseudocyst. Ten patients were 
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Table I: PATHOLOGICAL CONDITIONS RELATED 
TO FISTULA SITES 


No. of 

Anatomical site Pathology patients 
Oesophagus Carcinoma i 
Gastroduodenal Peptic ulceration 2 
Pancreatic trauma I 
Small bowel and Crohn’s disease 3 
ascending colon Carcinoma 2 

Mesenteric venous 

thrombosis f 
Bypass for obesity i 
Incisional hernia i 
Total 14 


managed following procedures to the distal small 
bowel and ascending colon, most often in the form 
of emergency resections. 

Table I shows the underlying pathological con- 
ditions. The management of these patients’ problems 
is detailed in Tables H and HI. The uncomfortable 
burning feeling of the raw skin was rapidly eased and 
marked improvement in both the excoriation and the 
inflammation occurred. This was especially true of the 
low output fistulas, some of which closed using con- 
servative management. ‘Difficult’ fistulas usually 
required further surgery. Complete healing of the skin 
lesions was attained in the 3 cases related to Crohn’s 
disease of the small bowel. Treatment of the latter 
group included a low-residue elemental! diet which 
assisted spontaneous closure of the fistulas. The 
patients accepted the treatment favourably apart from 
the mild stinging on occasion. One person found the 
dried paste unpleasant when it set hard. 


Discussion 

Constant leakage from a large fistula is a demoralizing 
experience for a patient and should be speedily 
controlled. The ‘bridge’ technique with odour-proof 
drainable bags protects the skin from the effluent and 
keeps the patient dry. Morale is rapidly improved and 
accurate fluid collection for analysis also then 
becomes possible. The bags allow repeated emptying 
of their contents without disturbing the skin protect- 
tion assembly and may be left on for up to 10 days. 
The bags should not be permitted to become too full as 
the weight may drag off the seal. 

A painful and unpleasant perifistular skin reaction 
may present alone or may complicate the problem of 
a high output fistula in the centre of an open abdo- 
minal incision. Excoriation may begin as a result of a 
localized allergic dermatitis to one of the products or 
appliances used. The area of skin involved corre- 
sponds to the shape of the plaster or area of applica- 
tion of the medicament. Zinc oxide plasters and 
tincture of benzoin (Friar’s balsam) are common 
culprits and should be avoided. Occasionally the 
same problem occurs in the first few days after formal 
ileostomy. Constant bathing of the already raw area 
with such liquid irritant serves only to exacerbate the 
condition, and frequent changing of the bags results 
in repeated trauma to the delicate new peristomal 
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Fig. 1. Severe skin excoriation associated with a high output Fig. 3. Drainable collecting bag with integral karaya seal in 
terminal ileal fistula uncontrolled by sump drainage. position. 


Fig. 2. Isolation of the mouth of a fistula by accurate fitting Fig. 4. Healing of the fistula and skin 3 weeks after 


of Stomahesive squares. Note regression of the skin combined treatment with skin protection and an elemental 
excoriation. diet. 
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Fig. 5. Karaya paste applied to the margin of a ‘difficult’ 
fistula. 


Fig. 6. Crohn’s fistula in which leakage along the scar could 
not be controlled by Stomahesive alone. 


Fig. 7. Fistula on the apex of an incisional hernia in which 
leakage could not be controlled by Stomahesive alone. 


Fig. 8. High output fistulas in the depths of a broken-down 
laparotomy wound. Note the absence of skin excoriation 
achieved with protection methods. 


Fig. 9. High output ‘difficult’ fistula controlled with 
karaya paste and a large drainable bag. 


Fig. 9 


262 





Errol Gross and Miles Irving 


LAYER OF KARAYA PASTE 


GAPS SEALED 
WITH KARAYA PASTE 


APPLICATION OF THE SKIN 
PROTECTIVES 









TWO FISTULA OPENINGS IN THE 
DEPTHS OF A LAPAROTOMY INCISION 


Fig. 10. ‘Bridge’ technique for controlling leakage in large difficult fistulas. 


THE COMPLETED ASSEMBLY SHOWING 
THE QORAMNABLE BAGS IN PORTION 


Table H: CLINICAL FEATURES, TREATMENT AND RESULTS IN PATIENTS PRESENTING WITH SKIN 
PROBLEMS 


Patient Clinical features Treatment Result 

I Crohn's disease of terminal ileum. Low output K.araya paste and Healed 
fistula with guttering at lower end of scar Stomahesive 

2 Low output fistula following surgery for Crohn's Karaya paste and Healed 
disease Stomahesive 

3 Fistula in right iliac fossa after drainage of Karaya paste Improved 
Crohn's abscess 

4 Proctocolectomy for Crohn's disease. Skin Karaya paste and Improved within 24 hr 
excoriation around ileostomy Stomahesive and then healed 

5 Large incisional hernia with fistula. Severe Karaya paste and Improved 
excoriation and adhesion difficulties Stomahesive 

6 Emergency right hemicolectomy for perforated Karaya paste No change 
carcinoma of the caecum. Low output fistula 

7 Low output fistula in thoraco-abdominal wound Karaya paste Healed 
after cardio-oesophagectomy 

8 Emergency right hemicolectomy for carcinoma Karaya paste Improved 
of the ascending colon. Difficulty with 
appliance adhesion 

9 Jejuno-ileal bypass for obesity. Low output fistula Karaya paste Improved 





Table HI; CLINICAL FEATURES, TREATMENT AND RESULTS IN THE PATIENTS WITH A ‘DIFFICULT’ 


FISTULA 
Patient Clinical features Treatment Result 
i Multiple gastric surgery for peptic ulcer haemor- Stomahesive Leakage controlled 
rhage. Gastric and duodenal fistulas 
2 Malnourished patient with perforated duodenal ‘Bridge’ technique Leakage controlled 
ulcer. Postoperative duodenal fistula 
3 Massive small bowe] resection for venous throm- Karaya paste and Discharge controlled 
bosis. High output jejunostomy discharge Stomahesive 
4 Emergency right hemicolectomy for Crohn's ‘Bridge’ technique Leakage controlled 
disease. Breakdown of main wound with high 
: output fistulas and excoriation 


Pancreatic pseudocyst. Postoperative gastric 
fistula, Skin excoriation around feeding 
jejunostomy site 


Karaya paste and 
Stomahesive 


Discharge controlled. 
Skin healed. 





Fybranta in diverticular disease 


In a recent clinical trial published in the British 
Medical Journal* a comparison was made between 
three forms of treatment for patients with sympto- 
matic diverticular disease. The authors concluded 
from this study that Fybranta Tablets are more 
effective than a high-residue diet or a bulking agent. 


Fybranta did not merely improve the symptoms, the 
paper states that Fybranta also normalized the 
pathophysiological changes which diverticular 
disease brings about. 





Fybran 


60% of the patients were entirely symptom free after 
only one month on the Fybranta regime. In addition, 
in all patients stool weight increased significantly; 
transit time was reduced by nearly a half and intra- 
colonic pressure was reducedto within normal limits. 


Fybranta tablets are easily carried when the patient 
cannot eat at home. Chewed with a drink, they sup- 
ply a day's cereal fibre in a highly acceptable form. 
Each tablet contains: Bran 2g. 


ta 
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* Brit med J (1976) 1, 989-990. 





Convenient, chewable, prescribable bran tablets 


Full prescribing information on request from: Norgine Limited, 59-62 High Holborn, London WC1V 6EB 
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A significant advance in 
the management of septic shock 


The high risk of toxic reactions is often with few undesirable side effects. To quote Es 
the reason for delaying the introduction of from a recent symposium:* 
catecholamine therapy in septic shock. With “...dopamine is probably the safest of the i! 
the availability of Intropin (dopamine HCI), inotropic agents to start with...” 
however, this situation has changed. Not only “...inotropic support with dopamine would 


does Intropin significantly increase cardiac constitute part of the routine management of . 
output and vital organ perfusion, it does so the patient with septic shock.” (dopamine HCI) 


Increases cardiac and urine output _ 
without the high risk of adverse reactions 
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skin. This aggravates the dermatitis and potentiates 
the skin inflammation. In dealing specifically with 
such tender inflamed areas we have used both 
Stomahesive and karaya paste, either alone or in 
combination, and have obtained worthwhile relief of 
symptoms. 

The two skin protectives described here are 
relatively innocuous and do not themselves heal the 
skin, but they promote healing beneath their layers 
by allowing the epithelium to remain undisturbed and 
protected from the harmful intestinal contents. Both 
substances are sufficiently sticky to allow a bag with a 
karaya seal washer to be fixed into position. Nursing 
staff have used both preparations and find them 
equally acceptable, although the paste can be a little 
tricky to spread. 


Skin protection around intestinal fistulas 263 


Acknowledgements 

We wish to thank the surgeons who referred cases for 
management. Our thanks are also due to Abbott 
Laboratories Ltd for the supply of karaya paste and 
for financing the colour illustrations, and to Mr 
Mitchell of the Department of Medical Illustration, 
who prepared the colour illustrations. Sisters Atkins, 
Cooke and Aspa, together with their nursing staff, all 
assisted with the project. 


References 

STRAUSS A. A, and STRAUSS S$. F. (1944) Surgical treat- 
ment of ulcerative colitis. Surg. Clin. North Am. 
24, 211-224. 

TODD I. P. and SAUNDERS B. (1971) Care of fistulous 
stomata. Br. Med. J. 4, 747-748. 





Br. J. Surg. Vol. 64 (1977) 264-266 


The treatment of acute superficial abscesses: 


a prospective clinical trial 
J. MACFIE AND J. HARVEY* 


SUMMARY 

A total of 219 acute superficial abscesses was treated. 
Patients were randomly allocated ta one of four treat- 
ment groups—primary suture with or without anti- 
hiotics and free drainage with or without antibiotics. 
No difference could be detected between the groups in 
duration of healing time. Eleven per cent of all abscesses 
sutured recurred and antibiotics did not affect this rate. 
It is suggested that free drainage following incision and 
drainage is the safest treatment for the majority of 
abscesses. Antibiotics do not have any significant effect 
on healing time or recurrence and their routine use is 
not recommended. 


THE standard method of treatment of any collection 
of pus is to release the collection and then to estab- 
lish free drainage of the cavity. Ellis (1953, 1960, 1970) 
and Lowden (1955) have advocated incision and 
closure of the cavity by suturing, under antibiotic 
cover. Ellis felt that antibiotics could effectively 
sterilize the abscess cavity, providing a loading dose 
was given before the abscess was incised and providing 
the wall of the cavity was broken down by curettage, 
thus allowing antibiotic-laden blood to flood the 
cavity. If the cavity could then be closed off completely 
by suturing, it was felt that further infection was 
unlikely to occur. 

This method has since been recommended by Ben- 
son and Goodman (1970) for puerperal breast 
abscesses, by Wilson (1964), Bennett (1967) and 
Goligher et al. (1967) for ischiorectal abscesses, by 
Page (1974) for axillary abscesses and by Jones and 
Wilson (1976) for all superficial abscesses. It was the 
purpose of this study to compare the standard method 
of free drainage with primary suture as treatments for 
acute superficial abscesses and to assess the value of 
antibiotics as an adjunct to surgery. 


Patients and methods 

Patients presenting at the Casualty Department of the General 
Infirmary at Leeds with acute, superficial abscesses between 
August 1975 and March 1976 were studied. The site, size and 
duration of each infection were noted, together with any 
previous antibiotic treatment, and the patients were randomly 
allocated to one of four treatment groups. The starting point of 
the trial was the time of presentation at the hospital and previ- 
ous therapy did not influence the group to which a patient was 
assigned. 


Group A: Incision, curettage and primary suture under anti- 
biotic cover 

Lincomycin 600 mg was given | hour before the abscess was 
incised. Oral clindamycin (150 mg 6-hourly) was started on the 
day of surgery and was continued for 4 days. AH abscesses were 
incised under a general anaesthetic and a swab of the pus 
released was sent for culture. All pus was drained and the wall 
of the cavity was destroyed by curettage. Deep nylon mattress 
sutures were used to close the cavity and a firm dressing was 
applied. The patient was allowed home the same day and 
brought back at 5 days for removal of the sutures. He might then 
be discharged or given further treatment depending on the 
clinical findings. 


Group B: Incision, curettage and primary suture without anti- 
biotic cover 

The patients were treated as in group A, but antibiotics were 
not given. 


Group C: Incision and open drainage under antibiotic cover 
Antibiotics were given as in group A. All abscesses were incised 
and drained but they were then packed with gauze soaked in 
eusol. These patients were reviewed at 2 days when the pack 
was removed. If healthy granulation tissue was visible in the 
base of the cavity and there was no discharge, the pack was 
removed and a dry dressing only applied. If signs of infection 
persisted-—discharge or inflammation--the pack was replaced 
and the patient reviewed in a further 2 days. 

Group D: Incision and open drainage without antibiotic cover 
The patients were treated as in group C but no antibiotics were 
given. 

The time between surgical drainage and final discharge from 
the clinic was recorded as it was the only objective measure- 
ment of healing time. 

A recurrence was recorded first, if a further collection of pus 
appeared at the same site as the original incision, and secondly, 
if signs of infection, discharge or inflammation reappeared or 
persisted and became worse following incision. 


Results 


Healing time 

A total of 219 abscesses was treated and Table I gives 
a summary of the results obtained. Since the mean 
healing times of the four groups differed by less than a 
day, which was the unit of measurement, no difference 
could be detected between the four groups, and clearly 
such a small difference would not be determinant in 
the clinical sense. 


Table E: HEALING TIMES AND PERCENTAGE 
RECURRENCE RATIO IN THE FOUR TREATMENT 
GROUPS 





Mean 
No. of healing time Percentage 
Treatment group abscesses id} recurrence 
A 77 9-3 11-7 
B 44 88 11-4 
C 37 9-8 0 
D 4i 9-3 7-3 


Recurrence rates 
Of all the abscesses which were sutured, 11-12 per cent 
showed some evidence of recurrence, and the use of 
an antibiotic did not appear to affect this rate. Seven 
per cent of the abscesses which were packed without 
antibiotic cover recurred, but no recurrences were 
recorded when antibiotics were given. Table H 
summarizes the details of the recurrences in all four 
groups. 

The site of an abscess did not appear to have any 
effect on the likelihood that it would recur. Similarly, 
small abscesses were just as likely to recur as large 
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Table H: DETAILS OF RECURRENT ABSCESSES IN THE FOUR TREATMENT GROUPS 


Treatment Size 
group Site {mi} Organism 

Group A Sole 5 No growth 
Perianal 8 Staph. aureus 
Breast 1 Staph. aureus 
Axilla 15 Staph. aureus 
Cheek 2 Cg-staph. * 
Foot 2 No growth 
Forehead i No growth 
Neck 10 Ce-staph. 
Perianal 10 Coliforms 

Group B Wrist 2 Staph. aureus 
Eyebrow Z Staph. aureus 
Perianal 15 No growth 
Hand 10 No growth 
Axilla 2 Staph. aureus 

Group C 

Group D Ankle i5 Streptococcus 
Chin H No growth 
Buttock 7 No growth 


* Cg-staph., Coagulase-negative staphylococcus. 


abscesses. The vast majority of the infections were due 
to staphylococci and it was interesting to note that 
only very rarely was this organism sensitive to peni- 
cillin. It is no longer true that staphylococci acquired 
outside the hospital are likely to be penicillin-sensitive, 
yet penicillin, or one of its derivatives, was the com- 
monest antibiotic prescribed by general practitioners. 


Discussion 

Ellis’s original contention was that antibiotics had 
radically changed the options open to surgeons in the 
treatment of abscesses. Prior to that it had only been 
possible to drain the pus and to lay the cavity open and 
keep it open until it healed by secondary intention. 
This process was slow, required close supervision and 
was likely to result in an ugly scar. Ellis claimed, 
however, that with antibiotic cover, the cavity could 
be sterilized effectively and safely closed. The abscess 
could then heal by primary intention. There were three 
important points in Ellis’s technique: first, the patient’s 
blood was to be loaded with penicillin by means of 
an intramuscular injection given 1 hour before the 
collection was to be drained; secondly, the wall of the 
abscess had to be destroyed by curettage to allow free 
bleeding into the cavity; thirdly, the cavity had to be 
completely obliterated by the suture. If all three 
measures were taken, Ellis claimed that the abscess 
would heal in 5 days and all the management the 
patient would require would be one visit for removal 
of the suture. This was a considerable saving in time 
and effort for both patient and hospital staff. 

The objection to Ellis’s logic is obvious: interfering 
with the drainage of an abscess cavity which contains 
a blood clot provides an ideal situation for a recur- 
rence of the infection. The purpose of this study was to 
assess the benefits of primary suture in terms of reduced 
healing time and recurrence rate by means of a pro- 
spective clinical trial. In fact only 51 out of 77 abscesses 
treated by antibiotics and primary suture were 
considered fit for discharge from follow-up by 5 days. 
The mean time to discharge for all four methods of 
treatment was 9 days. 


23 


Previous 

antibiotic Treatment of recurrence 
None Removal of sutures/eusol pack 
Ampicillin Removal of sutures/free drainage 
None Removal of sutures 
None Cellulitis treated with clindamycin 
None Pus expressed 
None Cellulitis treated with clindamycin 
Clindamycin Removal of sutures/free drainage 
Yes Removal of sutures/euso!l pack 
No Removal of sutures/free drainage 
No Suture removed/started clindamycin 
No Pus aspirated 
No Removal of sutures/free drainage 
Albamycin Spontaneous discharge/clindamycin 
No Clindamycin 


No recurrences 


Clindamycin Started on ampicillin 
Yes Started on clindamycin 
Yes Started on clindamycin 


The sample was rather small to allow for a final 
judgement on the question of recurrence rates but there 
was a definite tendency towards recurrence in the 
groups treated by primary suture. It must also be of 
some significance that the usual treatment of re- 
currences following primary suture was to remove the 
sutures or to reincise or aspirate the wound to allow 
free drainage to occur. 

Previous studies have suggested that recurrence 
rates following primary suture are comparable to, if 
not better than, those following free drainage (Benson 
and Goodman, 1970; Jones and Wilson, 1976). The 
explanation for this discrepancy in our results com- 
pared with previous surveys is possibly accounted for 
by the fact that in practice it is not always possible to 
curette an abscess adequately or to close the cavity 
satisfactorily with deep mattress sutures because of its 
anatomical position. For instance, abscesses high in the 
axilla or anterior triangle of the neck naturally result 
in some reluctance on behalf of the operator to curette 
the cavity vigorously or to pass deep mattress sutures 
through its base. | 

Conversely, ischiorectal and breast abscesses are 
more likely to be well curetted as the operator is less 
concerned about nearby anatomical structures. This 
may partly account for the good results obtained in the 
treatment of these particular abscesses (Benson and 
Goodman, 1970; Goligher et al., 1967; Goligher, 
1975). 

In consideration of the above and the fact that 
abscesses are not always adequately curetted owing to 
poor surgical technique, it would seem probable that 
some residual infection following curettage is common. 

It is only fair to point out that Ellis, in his original 
work, did specify that the abscess wall should be 
thoroughly curetted and the cavity wholly obliterated 
by the sutures. If this is not possible, and it cannot be 
for every superficial abscess, then the most effective 
treatment must be free drainage. 

On this assumption, we must dispute the results of 
previous authors who claim primary suture to be the 
treatment of choice for all abscesses. 
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The second aspect of this survey was to assess the 
value of antibiotics in the treatment of abscesses. The 
theoretical basis for their use was first expounded by 
Ellis, who stated that significant antibiotic levels in the 
blood at the time of curettage ensured sterilization of 
the abscess cavity and thereby prevented recurrence. 
The standard surgical teaching has always been that 
antibiotics are worthless in the treatment of abscesses 
(or collections of pus anywhere) for two reasons: 
first, prior to incision, the cavity wall prevents access 
of the antibiotic to ‘the pathogenic organism, and 
secondly, following incision, free drainage and the 
normal bactericidal action of the blood ensure 
sterilization of the cavity. 

If a large cavity is incised, curetted and then 
sutured it is inevitable that some dead space will remain 
which will be filled with blood clot. The bactericidal 
activity of this clotted blood, with or without anti- 
biotics, is questionable. Obviously the greater the 
blood clot remaining, the higher is the possibility of 
secondary infection occurring. 

The results of our survey indicate that antibiotics 
have no effect on healing time. As regards recurrence 
rate, in the groups that were sutured no significant 
difference was found. The abscesses that were incised 
and then packed had a lower recurrence rate if 
antibiotics were given. 

It is difficult to draw any firm conclusions from our 
survey concerning the value of antibiotic therapy. 
The results suggest that antibiotics do marginally 
reduce recurrence rates, but it should be emphasized 
that this is only a trend and that larger numbers 
would be required before definite conclusions could 
be stated. 

Finally, concerning antibiotic therapy, the opinion is 
occasionally expressed that antibiotics may be given 
as they do no harm and may do some good. This 
attitude is inexcusable. Complications may occur with 
antibiotic therapy and are well recognized following 
clindamycin. The possibility of complications dic- 
tates that the routine use of antibiotics in abscess 
treatment is not justified in our present state of 
knowledge. 


Conclusion 
Incision and curettage with drainage is the safest and 
surest method of treatment of superficial abscesses. 
There is no doubt that treatment of abscesses by pri- 
mary suture eases the work load on hospital staff and 
causes less inconvenience to the patient, but the 
greater possibility of recurrence with this treatment 
means that it should only be considered as an alterna- 
tive to free drainage when adequate curettage and 
total obliteration of the abscess cavity are ensured. 
No firm conclusions can be made on the value of 
antibiotics from the results of this survey. Further 
studies are required to evaluate their use. 


Acknowledgements 

Our thanks to Mr D. Wilson and Mr M. Flowers for their 
encouragement and advice and to Mrs C. Sadikoglu for typing 
the manuscript. 


References 

BENSON E. A. and GOODMAN M. A. (1970) Incision and primary 
suture in the treatment of puerperal abscesses. Br. J. Surg. 
57, 55-58. 

ELLIS M. (1953) The new treatment of ischio-rectal abscesses. 
Univ, Leeds Med. J. 2, 84~-86. 

ELLIS M. (1960) Incision and primary suture of abscesses of the 
anal region. Proc. R. Soc. Med. 53, 652-654. 

ELLIS M. (1970) The Casualty Officers Handbook, 3rd ed. 
London, Butterworths, pp. 159-164, 

GOLIGHER J. C., ELLIS M. and PISSIDIS a. G. (1967) A critique of 
anal glandular infection in the aetiology and treatment of 
idiopathic anorectal abscesses and fistulas. Br. J. Surg. 34, 
977-983. 

GOLIGHER J. C. (1975) Surgery of the Anus, Rectum and Colon, 
3rd ed. London, Balliére, Tindall, pp. 201-202. 

JONES N. A. G. and WILSON D. H. (1976) The treatment of acute 
abscesses by incision, curettage and primary suture under 
antibiotic cover. Br. J. Surg. 63, 499-501. 

LOWDEN T. G. (1955) The Casualty Department, Edinburgh, 
Livingstone. 

PAGE R. £. (1974) Treatment of axillary abscesses by incision 
and primary suture under antibiotic cover. Br. J. Surg, 61, 
493-494. 

WILSON D, H. (1964) The late results of anorectal abscesses 
treated by incision, curettage and primary suture under 
antibiotic cover. Br. J. Surg. 51, 328-331. 


Br. J. Surg. Vol. 64 (1977) 267-270 


The early mobilization of the elderly amputee 


I. M. HUTTON AND N. G. ROTHNIE 


SUMMARY 

A policy of early mobilization of elderly leg amputees 
using a simple temporary prosthesis has been assessed 
in the context of a district general hospital. 

Close cooperation between members of the hospital 
management team, adequate rehabilitation facilities 
and close liaison with the limb-fitting centre and 
domiciliary services were found to be essential to 
support this policy. 

Of 42 elderly amputees, 34 were supplied as early as 
possible with temporary prostheses. Nearly 80 per 
cent of them were able to walk without assistance on 
discharge from hospital care. Delays in discharge were 
mainly for socio-domestic reasons. 

Early prosthetic mobilization in this aged and often 
frail group of patients led to a reduced morbidity and 
mortality. There was improved morale in patients and 
staff, rapid clearance of acute surgical beds and the 
all-important early achievement of domestic mobility 
and independence for the amputee. 


IN Britain about 75 per cent of leg amputations are 
necessary because of peripheral arterial disease and 
more than 80 per cent of these amputees are over 
60 years old (Tunbridge Report, 1972). This ageing 
section of the community has a poor prognosis 
(Harris et al., 1974). Independence is much desired 
and usually jealously guarded by these patients and 
the inability to walk is a bar to this freedom, Ampu- 
tation in such patients threatens their mobility, so 
robbing them of independence when their lifespan 
may well be all too short. Immobility can also lead 
to other ailments and a lowering of morale. However 
short their expectation of life, it is the quality of that 
life which is of paramount importance in dealing 
. with the elderly amputee. 

Management of these patients presents a consider- 
able challenge to many aspects of the hospital and 
domiciliary services which is not being met adequately 
in many areas at present (Tunbridge Report, 1972). 
The pioneer work of Devas (1971) in Hastings made 
us realize that the key to the problem is mobilization— 
early mobilization of the patient from the surgical 
ward through a rehabilitation ward to his home, and 
mobilization of an integrated management team of 
doctors, nurses, physiotherapists and social workers to 
help the patient achieve an independent mode of life. 

Early in 1973 a policy of early mobilization was 
introduced into the Reading District Hospitals. 
Initially this was done along the lines described by 
M. B. Devas, by whom we were greatly assisted, and 
later in association with the Artificial Limb and 
Applicance Centre (ALAC) at Oxford. The aim was to 
fit either an early walking aid (EWA) or a temporary 
pylon to the amputee within a week of operation and 
to follow this immediately with walking training and 
rehabilitation while awaiting the definitive limb. 

The results of this mode of management are 
reported below. 


Patients and methods 
There were 44 amputations carried out on 42 patients in this 
study—-28 men and 14 women. Their mean age was 72 years 


and the age distribution is given in (Table J). In this series 
88 per cent were over 60 years old and 60 per cent over 70. 
Seventeen amputations were of the left leg, 23 of the right and 
2 were bilateral. Peripheral vascular ischaemia was the indica- 
tion for operation in all but one patient-—-the youngest, aged 
43—-who had an amputation for recurrent melanoma. 


Table I: AGE DISTRIBUTION OF 42 PATIENTS 
Age group: 41-50 No. of patients: 1 


51-60 

61-70 11 
71-80 19 
81-90 7 


Table Il: FINAL LEVEL OF 44 AMPUTATIONS IN 
42 PATIENTS 


Amputation: Below-knee 
Through-knee 


No. of patients: 21 


Supracondylar and 13 
above-knee 
Below-knee to 4 


above-knee 


A modified Burgess-type of below-knee amputation (Romano 
and Burgess, 1971), using a long posterior flap and a myo- 
plastic technique, was carried out in 25 patients (59-5 per cent). 
Five of these required further trimming or débridement before 
complete healing was achieved. This delay in healing was due 
to a poor blood supply and did not influence the mobilization 
programme for those patients; nor did the early mobilization 
appear to cause these lesions. Four of the 25 below-knee 
amputations (16 per cent) required conversion to an above- 
knee level because of inadequate healing. This left 21 successful 
below-knee amputations (50 per cent of our patients). Every 
effort was thus made to retain the knee joint as this was 
considered of great importance in the subsequent functioning 
of the limb and its prosthesis (Robinson, 1972). 

A through-knee amputation was used in 6 patients (14:3 
per cent) but was avoided in women because of the bulk and 
unsightly appearance of the prosthesis. 

A supracondylar or above-knee amputation was carried out 
as the primary procedure in 13 patients (30-9 per cent) and in 4, 
described above, as a secondary procedure (Table 1). 

The early mortality (within 2 months of operation) was due 
mainly to other complications of generalized atherosclerosis 
and occurred in 6 patients (14-3 per cent). This emphasizes 
the high early mortality associated with amputation in this 
type of patient, and relatives must be warned of the high risks 
involved. 

Thus 36 patients were considered for early mobilization; 
> of these were not suitable because of their general medical 
state and infirmity, and so 34 patients were submitted to the 
management programme. 


Stages in management | 

The decision to amputate is the first step towards 
improving the quality of life of a patient who has a 
painful ischaemic leg which cannot be saved. It is 
often difficult to decide on the level of amputation 
and many factors were taken into consideration in 
our patients. These included the general medical 
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Fig. 1. a, The early walking aid (EWA). b, The pylon. 


state, the mental state, the physical state of proximal 
muscles and joints, the extent of distal ischaemic skin 
changes, the circulatory state of the leg as assessed by 
clinical, ultrasonic and radiological means and the 
state of the circulation at operation. In general our 
policy has been to retain as much of the limb as 
possible, particularly the knee joint. 

Once the decision had been made, the patient was 
prepared both mentally and physically. The time 
available for this depended on the urgency of the 
situation. This was a period in which doctors, nurses, 
physiotherapists and social workers were mobilized 
to play their part. Reassurance and encouragement 
from an established amputee were often invaluable. 

Adequate analgesia was given to control ischaemic 
rest pain before operation and for pain after opera- 
tion to allow early limb exercises and mobiliza- 
tion. 

Suitable equipment was made available, such as 
a firm bed with adjustable height (for example the 
Nesbitt~Evans type) together with sheepskins and a 
bed cradle to avoid pressure sores. In addition, an 
exercise pole (monkey pole’) with a chain and handle 
and a suitable wheelchair were provided. Urinals and 
a commode added greatly to the morale and comfort 
of the patient. 

The operation was carried out or supervised by an 
experienced surgeon. An antibiotic, usually benzyl 


penicillin or erythromycin, was given routinely after 
operation as a prophylactic measure against clostridial 
infections. 

The early fitting of an EWA or a pylon (Fig. 1) was 
arranged. These prostheses consist of a socket of 
either padded leather or metal to which are attached 
a body belt and side irons leading to a lockable knee 
joint. The side irons are fixed at the lower end to a 
semi-flexible footpiece or to a simple rocker. The 
EWA units, previously measured, were assembled 
and fitted to the patient in the hospital ward by a 
visiting technician within a few days of operation. 
The EWA was used for the older and more frail 
patients who were considered unfit to travel to ALAC. 
Patients who were more fit were sent to ALAC 
about one week after operation for the measurement 
and early supply of a temporary pylon. While 
awaiting delivery these patients were mobilized on 
crutches or with a walking frame. 

Mobilization on the temporary prosthesis and 
walking training were begun as soon as possible 
after fitting. Every encouragement was given to the 
amputee during this phase by all members of the 
team, with particular care being taken to praise 
evidence of effort or progress. 

When wound healing and the state of the stump 
were considered satisfactory, the patient was trans- 
ferred to the rehabilitation ward in another hospital. 
Training in the management of the prosthesis and 
of a wheelchair was continued here and rehabilitation 
was geared towards independence in the domestic 
situation. 

During this time the patient’s home was assessed 
and essential modifications to living arrangements or 
structure were carried out. This required close liaison 
with the family, the general practitioner and the social 
services. 

The patient was discharged from the rehabilitation 
ward once mobility with full confidence had been 
achieved and when the home conditions were con- 
sidered satisfactory. The latter aspect was the main 
factor in delaying the discharge of some of our 
amputees from hospital care. We found that week- 
end visits home were valuable to boost the morale 
and confidence of the amputee and to allow the 
patient’s relatives to become accustomed to the 
situation. 

The definitive prosthesis was made and fitted by 
ALAC, the limb usually being supplied after the 
patient had reached home. Follow-up was undertaken 
by ALAC to check the comfort of the prosthesis and 
progress in mobilization. 


Results 

An EWA was fitted in the surgical wards to 19 
patients, of mean age 745 years. The average delay 
in fitting the appliance was 10 days (range 1-39 days) 
from the time of operation. A pylon was supplied by 
the ALAC to the remaining 15 patients because they 
were considered fit to travel to Oxford (60-mile 
return journey) soon after operation. Their mean 
age was 67-2 years and the average delay in fitting 
was 25 days (range 9-84 days). 

Some cases of long delay in fitting were due to 
unavoidable circumstances. Industrial action by the 
ambulance services was later followed by similar 
action by the limb-fitting technicians during the period 
of this trial. 


Walking was assessed and staged in the following 
way: 

Stage I: Bearing of weight only, with assistance. 

Stage II: A few slow steps with assistance. 

Stage III: Independent progress with a walking 
frame or sticks. 

Stage I was usually achieved rapidly, within 1-2 
days of limb-fitting. Stage H was reached by 23 
(67-6 per cent) of the patients within 7 days, and 
27 patients (79-4 per cent) were regarded as having 
attained stage HI at the time of discharge from 
hospital. Of the 7 patients who did not attain stage 
HI, 5 required occasional assistance in walking and 2 
patients, including a bilateral amputee, made very 
slow and limited progress and remained at stage II. 
The mean length of hospital stay was 7:9 weeks. 

The chief factors in delaying the return home were 
socio-domestic rather than medical, so that the length 
of stay in hospital cannot be used as a significant 
measure of our mobilization programme. It is perhaps 
unfair to compare the two types of temporary 
prosthesis because of the dissimilarity of the patients 
in our two groups and this is reflected in the results. 
In 19 patients supplied with an EWA, however, the 
mean time to stage II walking after fitting was 13 days 
(range 1-60 days). Of these, 15 (789 per cent) 
reached stage UI by the time they left hospital and 
4 did not walk independently. In the 15 patients 
supplied with a pylon the mean time to stage II after 
fitting was 25 days and 12 patients (80 per cent) 
achieved independent walking by the time of dis- 
charge home. 

Many factors, both technical and medical, caused 
delay in obtaining the temporary limbs. In comparing 
the two groups, it is of interest to consider the time 
taken to walk after operation (stage IID rather than 
after fitting the prosthesis. The mean time to achieve 
walking after operation was 24 days in EWA patients 
and 23-8 days in those fitted with a pylon. In both 
groups a similar proportion of patients (78-9 per 
cent and 80 per cent respectively) eventually walked 
without assistance. Considering the age and frailty 
of the EWA group, these results are very encouraging. 
The earlier fitting of the EWA in the older group 
appeared to have given these patients a good start in 
mobilization, which nullified the advantage of the 
pylon patients who were physically fitter and younger 
and whose stumps had more time to heal before the 
appliance was delivered. 

In the follow-up period of 18 months 2 further 
deaths occurred. One was in the small group of 2 
patients considered unsuitable for a prosthesis. The 
other, in the prosthetic group, had made very little 
progress in walking. The overall survival at 18 months 
in the series of 42 patients was 81 per cent and this 
compares favourably with other reported series 
(Harris et al., 1974). 


Discussion 
In general there is dissatisfaction in Britain with the 
mobilization and progressive care of the elderly 
amputee. In Reading we also felt dissatisfied and 
realized the need to revitalize and reorganize the 
service in the context of a district general hospital 
serving a population of about 420 000. 

For some time we had been concerned about the 
lack of liaison between the various departments 
involved in the care of elderly amputees; the slowness 
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of mobilizing and.fitting-them with a prosthesis; the 
deterioration in their general state and morale that 
occurred during this waiting period; the feeling of 
frustration and lack of enthusiasm that seemed to 
permeate the surgical and nursing staff because of 
these elderly ‘bed-blockers’; and the lack of any 
rehabilitation unit to relieve the blockage of beds in 
the acute general surgical wards by these long-stay 
patients. 

Early in 1973 the opportunity and facilities were 
presented to us to put into effect a three-point pro- 
gramme to improve the service to the elderly amputee 
with the prime aim of achieving early mobility and 
independence. 

These points were: 

1. The creation of an integrated management team 
within the hospital and outside. 

2. The early fitting of a prosthesis followed by 
walking training. 

3. The establishment of a small rehabilitation unit 
in the hospital group. 


Management team 

A close liaison was established between the various 
departments concerned with the progressive care of 
the amputees—-doctors, nurses, physiotherapists, 
ALAC staff, social workers, occupational therapists 
and domiciliary and social services. We feel strongly 
that this team should be coordinated by a surgeon 
experienced in vascular surgery as in general the 
amputation is carried out for peripheral arterial 
disease in this type of patient. Rapport must exist 
between the vascular surgeon and the limb-fitting 
surgeons so that easy and full discussion can take 
place on points of technique and management on 
both sides. We are fortunate that this exists between 
ourselves and the Oxford ALAC. 

Home conditions must be modified to the needs 
of the elderly amputee and preparatory training can 
be achieved in the rehabilitation unit. Close coopera- 
tion therefore must exist between the occupational 
therapists and the social services and between the 
hospital staff and the general practitioner and his 
domiciliary nursing staff. The family practitioner 
service was useful also in the follow-up of these 
patients so that if problems arose they could be 
referred back to the hospital or to ALAC. 

Thus it can be seen that in order to carry out 
effective progressive care for such patients a consider- 
able and varied team is required. This is an expensive 
service need. It is a necessary service, however, in 
order to improve the quality of the life of the amputee 
and to reduce the length of stay in hospital. 


Early prosthetic fitting and mobilization 
We have used two types of temporary prosthesis— 
the EWA and the pylon. The construction of both 
types has been criticized and commented on by the 
hospital staff and by the patients, but as the develop- 
ment of an early prosthesis is in its initial stages 
none of these problems is insurmountable. The ideal 
is a prosthesis of simple and inexpensive design 
suitable for on-the-spot assembly with a comfortable 
socket and a pliable footpiece or rocker. If a lockable 
sane joint is fitted, it should be easily controlled and 
stable. 

In this series it is not possible to compare the two 
prostheses critically, as they were supplied in differing 
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ways to different types of patients, but the eventual 
walking performance in the two groups was similar. 
It can be envisaged that if the earlier supply of the 
EWA were extended to the fitter group of patients 
then the time required for their mobilization and the 
length of their hospital stay would be less. We felt 
that the good performance of the elderly patients 
given the EWA did not depend on the type of pros- 
thesis but rather on its earlier fitting. 

The effect of early mobilization on morale was 
most noticeable, not only to the patients but to the 
medical and nursing staff. No longer was amputation 
a tragic event in the twilight of the patient’s life. It 
was part of a hard-working course of treatment 
which was readily accepted whatever the patient’s 
age, as it was aimed at regaining independence. 
Patients were encouraged to walk before they 
weakened or forgot how to do it. No longer were they 
considered a handicap to a busy general surgical 
ward and a source of frustration to its staff. They 
were there to be encouraged, persuaded, bullied and 
praised into action, and, once walking with aids, an 
outlet existed into the rehabilitation unit. 

Early mobilization had a noticeable effect on 
postoperative morbidity and mortality despite the 
poor medical state and advanced years of many of 
the patients. There was only one death from broncho- 
pneumonia and one from pulmonary embolism. The 
improvement in long term survival in this series was 
also striking (Harris et al., 1974). 

All members of our management team have no 
doubt of the feasibility and efficacy of the early 
fitting of a prosthesis and it is felt that this should 
be the aim of any hospital dealing with elderly 
amputees. 


Rehabilitation and after-care 

It is essential in the management of these cases that 
rehabilitation facilities are available, and it is the 
responsibility of the medical, nursing and adminis- 
trative staff to allocate beds for this purpose. 


We were fortunate in being able to set aside 4-5 
beds for rehabilitation in the preconvalescent wards 
of a peripheral hospital in the group. As soon as we 
were satisfied with the healing of the stump and that 
the amputee had gained some confidence and 
mobility on the prosthesis, or on crutches or a 
walking frame if there had been a delay in fitting, 
the patient was transferred to the rehabilitation unit. 
Physiotherapy and independence training were 
continued here while home conditions were assessed 
and modified if necessary. 

Sometimes the patients’ homes were not suitable 
or they lived alone or with frail or unwilling depen- 
dents. Delays were encountered therefore before 
other arrangements for their after-care could be 
made and these delays were the main factors in 
prolonging hospital stay. 

We are convinced of the many and great advantages 
of the policy of early mobilization of the elderly 
amputee as shown in this series, and would strongly 
recommend it for wider adoption. 
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Zinc metabolism and surgical trauma 


T. HALLBOOK AND H. HEDELIN* 


SUMMARY 

Several investigations have shown that zinc deficiency 
impairs wound healing in surgical wounds and in 
chronic ulcers. It is also well established that surgical 
trauma produces a sharp decrease in serum zinc 
concentration. It has not been clearly shown that this 
decrease is due to a rise in urinary excretion. In the 
present investigation the relationship between urinary 
zine excretion and the fall in serum zine postoperatively 
was studied in 38 patients. Older patients usually had 
low preoperative serum zinc concentrations. Preopera- 
five zinc substitution is therefore suggested for such 
patients. 


Tue influence of zinc on wound healing has been 
investigated during recent years. Zinc is known to be 
essential to several enzyme systerns, but the exact way 
in which it influences wound healing is not known. 
Pories et al. (1967) showed that oral zinc supple- 
mentation improved wound healing in healthy young 
men operated on for pilonidal sinus. Other investi- 
gators have not confirmed this and it is not clear 
whether zinc supplementation has any effect on 
patients with normal zinc status. A beneficial effect of 
zinc on wound healing in patients with /ow serum zinc 
has been shown by several investigators (Greaves and 
Skillen, 1970; Sergeant et al., 1970; Hallbook and 
Lanner, 1972; Haeger and Lanner, 1974). No effect of 
zinc supplementation on wound healing in incised and 
excised wounds in rats with normal zinc status has 
been found by most authors (O’Riain et al., 1968; 
Groundwater and Macleod, 1970; Kim and Rosenthal, 
1970; Sanstedt et al, 1970; Quantrillo, 1971). 
On the other hand, zinc-depleted animals showed 
delayed healing (Sandstedt and Shepard, 1968; 
Rahmat et al., 1974). The conclusion drawn from 
animal experiments and clinical investigations is that 
„zinc depletion has a negative influence on wound 
healing. Various forms of trauma, including surgical 
trauma, result in a decreased serum zinc concentration 
which may jeopardize wound healing. 

All bodily processes that involve cell breakdown or 
rapid cell turnover, including surgical trauma, cause an 
increased urinary zinc excretion. The mechanism 
behind this has been discussed by several authors, but 
no definite conclusion has been reached. 


Patients and methods 

Serial measurements of serum zinc pre- and post- 
operatively were made in 38 patients. In 15 the urinary 
zine excretion was followed. Table T lists the type of 
operation performed in these 15 patients. Specimens 
were collected and kept in plastic containers to avoid 
contamination. Zinc levels were measured by atomic 
absorption spectrophotometry. 


Table I: SERUM ZINC CONCENTRATION AND 
URINARY ZINC EXCRETION IN 15 PATIENTS 


Serum zinc Urinary zinc 
__ee/0O mi) ___(p8/24h) 
Postop. Postop. 
Type of operation Age Preop. day2 Preop. dayi 
Resection of aortic 48 88 42* 260 830 
aneurysm 
Femoropopliteal 70 $4 31 250 100 
Thrombo-endarter- 83 _ 67 110 150 
ectomy 
Thrombo-endarter- 74 70 33 380 350 
ectomy 
Patch grafting, 64 76 43 530 290 
profunda femoris 
reconstruction 
Mastectomy 88 58 45 160 450 
Mastectomy 57 86 76 180 1080 
Cholecystectomy 70 83 54 610 870 
Cholecystectomy 69 39 32 80 220 
Cholecystectomy 41 a 57 60 500 
Cholecystectomy 42 101 719 210 700 
Cholecystectomy 44 g4 76 250 750 
Cholecystectomy 27 81 75 _ 420 
Cholecystectomy 44 &7 78 210 $10 
Subtotal thyroid- 44 104 64 700 670 
ectomy 





* Measured on day I. 


Results 

The standard serum zinc value of this laboratory is 
91 +11 ug/100 ml. The mean preoperative serum zinc 
values for the 20 patients younger than 60 years was 
86 + 8 ug/100 ml and for the 18 patients over 60 years 
75 +15 ug/100 ml (Fig. 1). The difference is significant 
(0-01 < P<0-005). Postoperatively, the serum zinc 
values in patients undergoing operation giving a large 
wound surface fell more markedly (Table I). Fig. 2 
shows the mean postoperative fall in serum zinc for all 
38 patients. Fig. 3 shows the postoperative urinary 
zinc excretion in 15 patients, indicating an increase 
in zinc excretion of nearly three times the normal. The 
mean preoperative zinc clearance was 0:27 ml/min, 
and on the first postoperative day it increased to 
0:61 ml/min. 


Discussion 
The normal zinc concentration in human serum 
is about 100 ug/100 ml. Roughly two-thirds of this is 
exchangeably bound to albumin, while the rest is 
firmly bound to «-2-macroglobulin, except for about 
1 ug/100 ml which is bound to amino acids. The 
normal urinary excretion is about 500 ug/24 h. 
Prasad and Oberleas (1970) and Giroux and Henkin 
(1971) showed that some amino acids have a higher 
affinity for zinc than does albumin. A release of amino 
acids and other potential zinc ligands during surgical 
trauma would therefore cause a redistribution of 
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Fig. 1. Preoperative serum zinc values related to age in 36 
patients. 


Serum zinc (ug/!00 ml) 
3 3s 8 


irt 
© 


È 


I 2 3 4 5 
Time after operation (d) 


Fig. 2. Changes in serum zinc values after operation in 38 
patients. Results given as mean-+-1 s.d. 


plasma protein-bound zinc and an increase in the 
filterable portion of zinc. The plasma protein binding 
of zinc in connection with trauma has received 
surprisingly little attention to date. Under normal 
conditions, zinc is filtered in the renal glomeruli in a 
non-protein-bound form, most probably in amino acid 
complexes. Roughly three-quarters of the filtered 
zinc is reabsorbed by renal tubules. The increased 
urinary excretion of zinc after trauma is theoretically 
due to either an increased glomerular filtration or, 
less likely, an alteration in tubular function, both 
resulting in an increased zinc clearance. 

The urinary excretion had a maximum on the first 2 
postoperative days and again on the fifth postoperative 
day. During the first 4 postoperative days there is a 
correlation (r = 0-72; 93-2 — 61-6) between the fall in 
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Fig. 3. Changes in urinary zinc excretion after operation 
compared with the serum zinc values in 15 patients. 


serum zinc and the increase in urinary excretion. The 
increase in urinary excretion on the fifth day is not 
followed by a fall in the serum zinc. 

Lindeman et al. (1972) found that surgical trauma 
Causes an increase in urinary excretion on days | and 5 
postoperatively, while according to Kahn and Gordon 
(1969) an increase is seen only in the second post- 
operative week. Fell et al. (1973) found a maximum 
increase after 8-10 days. Henzel et al. (1970) also 
found an increase but did not state when it was 
maximal. Sefton et al. (1974) reported a maximum 
excretion after 2-3 days but did not comment about 
the following days. These findings suggest that urinary 
zine excretion after major trauma is composed of two 
phases: first, a fast rise on the first postoperative day, 
followed by a second rise at the end of the first week. 

The first rise could be due to a mobilization of 
albumin-bound zinc and a drain to intracellular 
enzyme systems, as proposed by Fodor et al. (1972). 
The mobilization would lead to an increase in the 
filterable portion, causing an increase in the renal 
clearance, The present study also found a rise in zinc 
clearance postoperatively. This increase could be 
explained by a release of ligand-forming substances 
from the operation field such as amino acids which are 
known to form zinc complexes (Giroux and Henkin, 
1971; Hallman et al., 1971). 

The second peak of urinary excretion could be 
explained by a high uptake of zinc in the wound area 
and the mobilization of zinc from tissue depots, 
causing a rise in the concentration of filterable zinc 
and a higher clearance. Henzel et al. (1970), using 
‘Zn, showed that on the sixth postoperative day there 
is a high uptake in the wound; on the other hand, 
they do not give levels for the intervening days. 
Maximum vascularization of a wound is known to 
occur on the fifth to seventh days, and according to 
Haley et al. (1959) and Savlov et al. (1962) there is a 
maximum accumulation of zinc on the fifth to seventh 
postoperative days. 


Some investigations have shown decreasing serum 
zinc values with increasing age (Lindeman et al., 1971; 
Willden and Robinson, 1975). However, Davies et al. 
(1968) could not find any differences in persons aged 
20-60 years, while Willden and Robinson (1975) found 
a decrease with age only in females. Erythrocyte zinc 
content, which is said to reflect intracellular zinc 
concentration, does not fall with increasing age 
(Lindeman et al., 1971; Briggs et al., 1973), and the age- 
linked fall of serum zinc might be of little clinical 
significance and be due to the fall in albumin levels 
which occurs with ageing. 

The present study found a significantly lower pre- 
operative zinc value in patients over 60 years, none 
having a serum zinc value over 91 ug/100 ml. The 
postoperative fall in serum zinc was most pronounced 
in patients undergoing a major operation, with a 
minimum on the second postoperative day; after 
5 days the preoperative level had not been restored. 
Fodor et al. (1973) measured the levels in patients for 
3 days postoperatively and did not find a restoration 
of the preoperative level. On the other hand, Lindeman 
et al. (1972) found a return to normal after 5 days and 
Sefton et al. (1974) after 3 days. 

It would seem essential for the wound-healing 
mechanism to maintain serum zinc values at a normal 
level. We therefore suggest that, if possible, older 
patients who are to undergo major operation receive 
preoperative and postoperative zinc supplementation 
in order to maintain their serum zinc at a normal level 
and to keep all the wound-healing enzyme systems 
fully saturated with zinc. 
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Torsion of the testis 
J. E. WRIGHT* 


SUMMARY 

A series of 56 proved cases of torsion of the testis is 
reviewed. The condition is rare, only 2 patients per year 
being admitted to a large general hospital of 800 beds. 
The aim of this study was to assess the fate of testes in 
relation to the duration of symptoms: if less than I2 
hours the outlook is good, between 12 and 24 hours 
survival of the testis is possible, over 24 hours the testis 
is most likely to be beyond salvage and beyond 48 hours 
there is virtually no hope of testicular survival and 
orchidectamy will be necessary. 


THis paper reports a retrospective study of the records 
of 56 patients with proved torsion of the testis treated 
at The Royal Newcastle Hospital, New South Wales, 
during 1950-75,-together with the results of follow-up 
examinations of the patients. The patients admitted 
between 1950 and 1965 have been previously reported 
(Wright, 1966b). The objective of that review was to 
consider the diagnostic difficulties. The present study 
aims to determine the fate of the testes in relation to 
the duration of symptoms. In addition, the oppor- 
tunity is taken to review the subject generally and to 
assess the relative frequency of torsion of undescended 
testes. 


Patients and methods 

The records of all the patients coded in the medical 
records as having testicular torsion were individually 
studied. Only those in whom the diagnosis was proved 
by surgical exploration were included in the study. 

An attempt was made to determine the fate of the 
preserved testes by the following methods: 

1. Perusal of outpatient records for clearly recorded 
evidence of examination of the testes at later dates, 
as well as of the private records of specialist urologists. 

2. Similar perusal of any subsequent inpatient 
records, 

3. A letter inviting attendance at the outpatients’ 
department was sent to all the patients for personal 
examination by the author. 

4. If patients lived too far away to attend, they were 
invited to complete a questionnaire specifically asking 
the size of the affected testis and for details of any 
subsequent relevant medical examination. Atrophy 
of the testis was deemed to have occurred if it was 
detectably and significantly smaller than the normal 
one. 


Results 

In the 25-year period there were 56 patients with 
proved testicular torsion admitted to The Royal 
Newcastle Hospital, which is a general hospital of 800 
beds serving a population of some 300 000 at present. 
During these 25 years there were approximately 


400 000 admissions, giving an incidence of testicular 
torsion of approximately 1 per 7000 admissions. 
During the same period 73 patients were treated for 
intussusception in childhood. Torsion of the testis is 
therefore an even less common condition in this 
hospital. 

Of the 56 patients, 15 were treated by orchidectomy. 
Twenty-six of the remaining 41 were assessed at 
follow-up: 19 by personal examination by the author, 
5 from subsequent hospital records or a surgeon’s 
private records and 2 from replies to questionnaires 
(Table 1). 

The follow-up interval was over a year in all except 
2 patients. 


Table I: PATIENTS WITH TORSION OF THE 

TESTIS 1950-75 

Orchidectomy No. of cases: 15 
Testis preserved 4l 
Personal examination by the author 19 

Assessed from hospital records 


Reply to questionnaire 2 
Total followed up 26 
Lost to follow-up 15 


mee 


Total 56 


Age incidence 

Torsion is a condition of children and young adults 
(Fig. 1). The peak incidence is in the second decade. 
Only 4 patients (7 per cent) in this series were 
over the age of 30 years, and none over 40. A 
swollen tender testis in a man of this age is almost 
certainly epididymo-orchitis. The highest incidence 
of epididymo-orchitis is in the fourth and fifth and 
seventh and eighth decades (Wright, 1966a). 

It was noted during the study of case histories that 
in the same period, 25 patients with torsion of an 
appendix testis or epididymis were explored to exclude 
torsion of the testis, and all were 15 years of age or 
under. This is in accord with the reports of Dix (1931) 
and Ambrose and Skandalakis (1957). 


Torsion of undescended testes 

Seven of the episodes of torsion involved undescended 
testes. All except 2 were treated by orchidectomy. One 
patient who was severely mentally retarded and 
confined to an institution had bilateral undescended 
testes, and both underwent torsion with a 10-year 
interval between the episodes. Thus, there is a 12 per 
cent incidence of undescended testes in the series. 
This is far higher than the incidence of cryptorchidism 
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in the male population as a whole (0-8 per cent 
according to Scorer, 1964). Given that most 
undescended testes are treated early, i.e. before 
adolescence, it is clear that an undescended testis is far 
more likely to twist than a scrotal one. Torsion is rare 
and a surgeon who only sees one every few years may 
be pardoned for gaining the erroneous impression 
that it is uncommon in undescended testes. 


Duration of symptoms 

Nearly half the patients (27) were admitted within 12 
hours of the onset of pain, One-third (1 8), however, 
presented after more than 2 days (Table I). 


Survival of the testis in relation to duration of symptoms 
0-12 hours (27 patients): No testis in this group was 
removed, Over half of these (17) were assessed at 
follow-up and 15 were considered to have normal 
testes. Two were designated atrophic. However, one 
of these was half the normal size, and the other was 
described by the patient in reply to the questionnaire 
as being smaller than the normal testis. Both therefore 
survived but suffered ischaemic damage. 

13-24 hours (6 patients): Two cases required orchi- 
dectomy. One of the testes was considered viable at the 
initial operation, but subsequently sloughed and was 
removed after gross wound infection ensued. The 
remaining 4 had normal-sized testes at follow-up 
examination. 

1-2 days (4 patients): One case required orchidectomy, 
one testis atrophied and 2 patients were lost to follow- 
up. 

Over 2 days (18 patients): Twelve cases required 
orchidectomy. Four testes atrophied. One patient had 
an already hypoplastic undescended testis, and another 
patient was lost to follow-up. 


Wound infection 

Four patients suffered wound infection (Table HI). 
Two required orchidectomy to control the infection. 
In only one patient had the opposite testis been fixed 
at the original operation. 

The fear of wound infection has caused the author 
to delay fixation of the opposite side to a later date, 
and, though the unaffected testis did not suffer 
damage in the one instance of infection after its 
fixation, this fear may well be a valid one. 


Discussion 
Both the degree and duration of ischaemia determine 
whether a twisted testicle will survive. Duration of 
symptoms is a crude assessment of the duration 
of ischaemia, for the arterial supply may not be 
completely cut off at the outset. The degree of 
ischaemia is impossible to assess clinically or opera- 
tively. Indeed, it was not possible in a retrospective 
study to determine from hospital records the extent 
of the twisting within the tunica. 

In the clinical situation the duration of symptoms 
is One parameter which can be assessed with any 
degree of accuracy, and the only one over which the 
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Fig. 1. Age distribution of the present series. 


Table ll: FATE OF TESTIS IN RELATION TO 
DURATION OF SYMPTOMS 


Duration of symptoms (h) 
Fate of testis 0-12 13-24 .25-48 Over 48 Total 


Survival, normal 15 4 0 19 
Atrophy 2 1 4 T 
Orchidectomy 2 1 12 15 
Unknown 10 2 2 14 
Total 27 6 4 18 S07 


(48%) Gly) C% G2% 


* One patient in whom the duration of symptoms was unknown 
was also lost to follow-up. 


Table HI: DETAILS OF 4 PATIENTS WITH WOUND 
INFECTION 
Opposite side fixed at 


Duration Fate of testis original operation 
5h Atrophy Yes 
13h Necrosis with subsequent No 
removal 
2d Atrophy No 
4d Subsequent removal No 


medical profession has any control. It is of paramount 
importance in treating torsion of the testis. It is 
practical, therefore, to determine the critical duration 
of symptoms in relation to testicular salvage. 

Burton (1972) reported that in dog experiments 
interruption of the arterial supply results in damage 
to the spermatogenic cells after 2 hours, and in their 
death after 6 hours. Leydig cells are destroyed after 
10 hours and the testis is infarcted after more than 
10 hours’ ischaemia. While relevant to the problem of 
torsion these times do not reflect accurately the clinical 
situation, where arterial ischaemia is not necessarily 
complete at the outset. 

Several authors have related the duration of 
symptoms to testicular survival. Macnicol (1974) 
found atrophy of some testes after 6 hours with 
symptoms, and a high incidence of infarction after 
more than 12 hours. Greaney (1975) reported a series 
including one instance of testicular infarction after 
symptoms for 7-12 hours. Skoglund et al. (1970), who 
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have reported the largest series in the literature (70 
proved cases), noted one instance of testicular survival 
in a patient with symptoms for 5 days. Their salvage 
rate was 83 per cent within 5 hours of the onset of 
symptoms, 70 per cent within 10 hours and only 20 
per cent after 10 hours. 

The present series of 56 cases operated upon, with 
41 preserved testes, is one of the largest in the litera- 
ture, though the follow-up rate of 26 of these 41 (63 
per cent) is disappointing. The results suggest that a 
fairly confident prognosis can be given when the 
patient presents within 12 hours of the onset of 
symptoms and a hopeful one at 12-24 hours. With a 
duration of symptoms of over 24 hours the testis is 
almost certainly doomed, and orchidectomy is likely 
to be the wisest treatment. Preservation of a non- 
viable testis can lead to suppuration requiring sub- 
sequent orchidectomy, as occurred in 2 patients in 
this series and in 3 noted by McFarland (1966). 
Beyond 48 hours there is virtually no hope for 
testicular survival and orchidectomy will be necessary. 

The wound infection rate of 7 per cent is a sufficient 
deterrent to fixation of the opposite (normal) testis at 
the original operation. It is probably safer to do this 
at a subsequent operation. 
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Some surgical aspects of homozygous 


beta-thalassaemia 


R. P. CRAIG, C. M. BATE AND G. HUMPHRIES* 


SUMMARY 

The surgical aspects of the management of patients 
with homozygous beta-thalassaemia are reviewed, and 
the operative findings in 10 patients with the disease 
who underwent splenectomy are described. Postopera- 
tively, blood consumption was reduced and there was a 
longer time interval between transfusions needed to 
maintain the haemoglobin level. 

Hyperplastic lymph nodes containing erythropoietic 
elements are always present, and the first reported case 
of extrabiliary obstructive jaundice caused by this tissue 
is included. All the patients survived for 2-3 years after 
treatment and there were no serious infections. All 
received prophylactic oral penicillin after surgery. 
Cholelithiasis was not found. Two malleolar ulcers were 
successfully grafted with split skin after preparation 
of the craters with silver sulphadiazine cream. 


Ir is now over half a century since Cooley and Lee 
(1925) described 5 children with a syndrome previ- 
ously known as ‘pseudo-leukaemia infantum’ or ‘Von 
Jaksch’s anaemia’. One of these patients had had a 
splenectomy which Cooley and Lee considered had 
not altered the course of the disease. Baty et al. 
(1932) went further and condemned splenectomy on 
the basis of 6 bad results, and the prevalence of this 
view was summarized as late as 1953 by Gross in 
his textbook with the words ‘splenectomy does not 
improve the condition but may in fact aggravate it’. 

However, Pemberthy and Cooley (1935) felt that 
in some cases the physical presence of a grossly 
enlarged spleen or its ‘pernicious activity’ could war- 
rant splenectomy, and several later reports have tended 
to confirm its value in selected cases (Lichtman et al., 
1953; Clement and Taffel, 1955: Smith et al., 1955; 
Reemtsma and Elliot, 1956; Wolff et al., 1960; Bour- 
oncle and Doan, 1964; Marangos, 1972). 

While Ficarra (1964) and Marangos (1972) both 
commented on the finding at laparotomy of numerous 
splenunculi at sites not usually associated with ectopic 
splenic tissue, Glen et al. (1954) and Bouroncle and 
Doan (1964) found only one splenunculus in 11 and 
5 patients respectively. Brannon (1927) described 
extramedullary erythropoietic tissue (EMH) in diverse 
and unexpected situations at autopsy, and the pres- 
ence of this tissue was also mentioned by Baty et al. 
(1932), Clement and Taffel (1955) and Wintrobe 
(1961). Baty et al. (1932) and Wintrobe (1961) also 
noted the macroscopic similarity between the abdo- 
minal findings seen in thalassaemia and those in 
leukaemia, Hodgkin’s disease and even carcinoma. 

The problem of serious postsplenectomy infections 
was mentioned as early as 1928 by Hitzrot, and was 
later underlined in the reports of Glen et al. (1954), 


Smith et al. (1955, 1960), Lowdon et al. (1962), Smith 
(1964), Eraklis et al. (1967) and Wasi (1971). Con- 
versely, several authors (Reemtsma and Elliot, 1956; 
Wolff et al., 1960; Finland, 1961; Horan and Col- 
batch, 1962), aware of the potential dangers, failed 
to find evidence of increased susceptibility. 

The present paper reports the laparotomy findings 
and postoperative course of 10 Cypriot patients with 
beta-thalassaemia who underwent splenectomy, and 
comments on the surgical aspects of the management 
of patients with this disease. 


Table I: SEX, AGE AT SPLENECTOMY AND LENGTH 
OF FOLLOW-UP 


Length of 
Age at Date of follow-up 
Patient Sex splenectomy splenectomy (mth) 
ALA M 4 yr 5 mth 25.1.72 42 
T. D M 1 yr 10 mth 25.4.72 39 
K.I M 14 yr 3 mth 22.8.72 35 
P.E M 2 yr 2 mth 14.11.72 32 
M.A M 10 yr 9 mth 13.3.73 28 
M.L F 24 yr 17.7.73 24 
A.D F 7 yr 6 mth 31.7.73 24 
C. P F 10 yr 6 mth 25.10.73 21 
M.C M 3 yr 4 mth 8.11.73 20 
D.M F 4 yr 8 mth 27.11.73 20 


Patients and methods 

Patients with haematologically proved homozygous 
beta-thalassaemia who were on a high blood trans- 
fusion regimen and chelating agents were selected 
for splenectomy when their transfusion requirement 
increased, thrombocytopenia and leucopenia indi- 
cated hypersplenism or the physical size of the spleen 
was causing discomfort and urinary frequency due 
to vesical compression. 

Thirteen such patients fulfilled these requirements 
during the period 1972-3 at the British Military 
Hospital, Dhekelia. One author (R. P. C.) performed 
8 of the procedures and was present at a further 2. 
The remaining 3 cases are not included in this paper 
as the laparotomy findings are not available. 

The sex, age, date of splenectomy and duration 
of follow-up of these patients are shown in Table I. 

All the operations were performed through a left 
paramedian incision and no serious technical problems 
were encountered. Two liver biopsies were taken in all 
the cases and lymph node biopsy in 3. Prophylactic 
oral penicillin was given indefinitely postoperatively. 


Results 
The laparotomy findings are summarized in Table II. 
The gallbladder was palpated for calculi in all cases 





* British Military Hospital, Dhekelia, Cyprus. 
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Table H: SUMMARY OF OPERATIVE FINDINGS 


Finding A.A. T.D. PE 


Adhesions to spleen = = S m ~~ 

Splenic infarcts ~= + — ~~ 

Hepatomegaly -j -f + ~~ 

Distended gallbladder ven -~ -j _ 

Lymphadenopathy in the -4 + be a 
porta hepatis 

Superior pancreatic lymph- 
adenopathy 

Mesenteric or omental -$ -4 ~p d 
lymphadenopathy 

Splenunculi 

Macroscopic siderosis 


and none was found. There was no operative or late 
mortality. 

Histological examination of the liver biopsies, 
spleens, splenunculi and lymph nodes showed side- 
rosis of varying severity. EMH tissue was seen in 
all the spleens and the 3 lymph nodes examined. 

After operation all the patients had a reduction in 
blood consumption (expressed in mikg-? body 
weight yr~!) of between 50 and 90 per cent, and their 
mean haemoglobin levels were higher. The mean time 
interval between transfusions to maintain the higher 
mean haemoglobin level was at least doubled. The 
complete haematological data obtained from these 
patients are to be reported elsewhere. 

Chronic ulceration of the skin over the medial 
malleolus is an occasional feature of thalassaemia. 
Two patients with this problem were successfully 
treated by split skin grafting after first preparing the 
ulcer craters with the topical application of silver 
sulphadiazine cream. 


Postoperative complications 

The first child in the series bled profusely from his 
wound and possibly also intraperitoneally at 30 hours 
postoperatively and became profoundly shocked. 
Transfusion and the insertion of several extra skin 
sutures controlled this episode. No cause for the 
haemorrhage was found, although there had been 
severe preoperative thrombocytopenia. No morbidity 
occurred in the other 9 cases. 


Case report 
K. L, a boy of 13, presented in November 1971 with the full 
clinical syndrome of thalassaemia. 

Investigations revealed fetal haemoglobin and A, haemo- 
globin levels of 44 and 6 per cent respectively of the total 
haemoglobin. Biosynthetic studies performed by the method 
of Clegg et al. (1966) showed the characteristic chain imbalance 
associated with beta-thalassaemia, namely an a/8+ y produc- 
tion ratio of 2-7. 

In February 1972 the patient developed obstructive jaundice 
with a serum bilirubin level which rose rapidly to 30 mg/100 ml 
and was predominantly conjugated. His alkaline phosphatase 
at this time was 200 KA units, The cause of this was considered 
to be intrahepatic cholestasis or cholelithiasis or possibly extra- 
biliary obstruction due to lymphoid hyperplasia, which had 
been noted at two earlier laparotomies in this series. In favour 
of the latter was the finding of a palpable gallbladder. 

Both as a therapeutic trial and as a preoperative necessity 
the patient was transfused 3 units of whole blood, following 


Patient e 
M.A. MELE AD CP M.C D.M. Total 
— 4. m ae ~ -j 2 
ein = ote oa ma na 3 
-+ — _ ~~ — = 4 
-+ aee == + =- ~- 3 
-f -+- = -pe -+- — 7 
4 ! m 7 4 meae 8 
+ + 4 -}- -4 + 10 
-4 ~ ~ = + = 3 
Ma = ae a el, ah 4 


which the jaundice decreased, the gallbladder became impal- 
pable and the bilirubin level fell from between 18 and 30 
mgz/100 mi to 4 mz2/100 ml. 

During the next 5 months there was no further obstructive 
jaundice but the transfusion requirement increased and the 
patient developed thrombocytopenia. Accordingly he was 
prepared for splenectomy, which was performed in August 
1972, Numerous reddish-brown nodes were present along the 
upper border of the pancreas, in the mesenteries and around 
the common bile duct, extending up into the porta hepatis. A 
large mass of this tissue was partly obstructing the common 
duct, producing proximal distension of the duct system and 
gallbladder (Figs. 1, 2). Rather than risk the dangers of dissect- 
ing out this tissue a cholecystojejunostomy and entero-entero- 
stomy bypass was constructed. Splenectomy was performed 
and 2 liver biopsies were taken. Recovery was uneventful. 
Cholecystography and a barium meal study 1 year later showed 
the bypass to be functioning well, There have been no episodes 
of cholangitis. 

In January 1974 a lymphangiogram showed translucent areas 
in the para-aortic nodes resembling those seen in Hodgkin's 
disease, the translucencies being presumed to be due to EMH 
tissue. 


Discussion 

The management of patients with thalassaemia 
includes several surgical aspects. In this series splen- 
ectomy was found to be a safe procedure. In partic- 
ular, no instances of infection had occurred during a 
2~3-year follow-up or in the 3 patients not included 
in the series who also had a splenectomy. AIl the 
patients received prophylactic penicillin postopera- 
tively for an indefinite period, which may account 
for the absence of the infection problems previously 
stressed by Hitzrot (1928), Glen et al. (1954), Smith 
et al. (1955, 1960), Lowdon et al, (1962), Smith (1964) 
and Eraklis et al. (1967). 

The haematological improvement obtained in this 
series confirms the efficacy of splenectomy in patients 
in whom selection is based on what are now standard 
criteria. 

The appearance of the intra-abdominal lymph- 
adenopathy was striking in all the cases and resem- 
bled that of the lymphomas. It was this observation 
which led to the hypothesis of extrabiliary obstruc- 
tion due to lymph nodes containing EMH tissue in 
the case report. Further, as EMH tissue is known to 
decrease after transfusion (Smith et al., 1955), the 
fact that the jaundice in this case receded after 
3 units of blood lent increased support for this 
explanation. It is also known that nodes affected 





Fig. 1. Peroperative photograph showing the distended 
gallbladder with a very large lymph node overlying the 
common bile duct. 





Fig. 2. Diagram of the laparotomy findings. Nodes are 
illustrated in black. Proximal duct dilatation is seen to be 
due to the node visible below the gallbladder in Fig. 1. 


by Hodgkin’s disease may rarely involve the porta 
hepatis and produce obstruction of the biliary tree 
by extramural compression (Levitan et al., 1961; 
McNulty, 1971). 

EMH tissue gives lymph nodes a reddish hue and 
this may explain the appearance of multiple splenun- 
culi described by Ficarra (1964) and Marangos (1972). 
True splenunculi are relatively uncommon according 
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to Glen et al. (1954) and Bouroncle and Doan (1964) 
and only 3 were found in our series. These were in 
the splenic hilum or greater omentum—sites which 
are in keeping with the embryology of the spleen. 

The complication of cholelithiasis in thalassaemic 
patients has been discussed by Wolff et al. (1960) 
and Dewey et al. (1970). No patient in the present 
series was found to have gallstones, although this 
diagnosis was seriously considered in the case re- 
ported in detail. Two other patients were found to 
have a distended gallbladder at laparotomy. Both of 
these also had enlarged lymph nodes in the region 
of the extrahepatic duct system but in each case the 
obstruction was not sufficient to require surgical 
relief. It was felt that the haematological benefits of 
splenectomy should allow EMH regression in these 
nodes. Neither patient developed jaundice during the 
follow-up period. 

These 3 cases raise the question of how to manage 
the thalassaemic patient who develops the rare com- 
plication of obstructive jaundice. If the cause could 
be proved to be of extrabiliary origin rather than 
lithiasis, then transfusion, with the EMH regression 
that ensues, should effect improvement, as occurred 
in the case reported here. The recent introduction of 
safe percutaneous transhepatic cholangiography using 
a narrow Chiba needle (Okuda et al., 1974) makes 
this differentiation possible, thus avoiding an oblig- 
atory laparotomy in jaundiced cases. 
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Superficial sepsis: the antibiotic of choice 


for blind treatment 
R. E. PAGE AND R, FREEMAN#® 


SUMMARY 

When all cases of superficial sepsis were considered 
together Staphylococcus aureus was the most frequently 
encountered organism. Various anatomical sites were 
considered separately and it was found that the axilla 
and breast were particularly prone to infection by 
Staph. aureus. The incidence of infection by coliform 
bacilli in Bartholin’s and anorectal abscesses was 
significantly higher than in abscesses elsewhere. The 
importance of these observations in relation to anti- 
biotic therapy is discussed. 


SUPERFICIAL sepsis is a condition frequently 
encountered in accident and emergency departments. 
Progression to abscess formation can often be avoided 
if an appropriate antibiotic is administered before 
suppuration occurs, although in many of the more 
trivial examples no antibiotic is required. Once an 
abscess cavity has been formed, antibiotic therapy 
takes second place to incision and drainage (Rains 
and Ritchie, 1975). 

In cases where abscess formation has not yet 
occurred (and in which bacterial cultures of the 
infecting organisms are not available) the clinician 
aims to select an antibiotic which will be rapidly 
effective against the organism or organisms, and which 
has minimal side-effects. This is often difficult to 
achieve in practice. The widespread use of broad 
spectrum antibiotics m an attempt to cover all likely 
organisms is not to be encouraged because of the 
possible emergence of resistant strains. Such anti- 
biotics can also produce changes in the bowel flora, 
leading to diarrhoea or candida overgrowth. Alterna- 
tively, the routine administration of an antibiotic 
with too narrow a spectrum may be ineffective either 
because the antibiotic is inappropriate for a particular 
organism or because of drug resistance within a 
previously susceptible species. The success of treat- 
ment when using a narrow spectrum antibiotic 
depends to a large extent upon the ability of the 
clinician to select a preparation which will be effective 
against the infecting organism. The aim of this survey 
was to analyse the bacterial content of a large number 
of abscesses from various anatomical locations in 
order to determine which organisms were most 
prevalent in particular sites. By studying the sensiti- 
vities of these isolated organisms it was then possible 
to select the antibiotic therapy most appropriate for 
each site. The indications for using antibiotics to treat 
superficial sepsis are not considered. The information 
presented here is intended as a guide to the selection 
of an appropriate drug when therapy is thought to be 
necessary. 
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Patients and methods 

Outpatients presenting to the Accident and Emergency 
Department of the General Infirmary, Leeds, with 
abscesses of the axilla, hand, breast, head, neck, trunk, 
limbs, anorectal region (ischiorectal and perianal) and 
Bartholin’s glands were studied. All the lesions, apart 
from some involving the hand, were treated under 
general anaesthesia by the method of incision, 
curettage and primary suture with antibiotic cover 
(Ellis, 1969). Patients were collected consecutively into 
the various categories over a period of 24 months. 
Because of the large numbers in certain categories, 
collection was terminated earlier when adequate 
numbers had been amassed. Lesions found on the head, 
neck, trunk and limbs were grouped as a single 
category. 

From each abscess a specimen of pus was obtained 
and sent for culture. In the laboratory each specimen 
was cultured on fresh blood and heated blood agar, 
MacConkey’s agar also being used if the abscess was 
anorectal. After overnight incubation at 37°C 
organisms were identified by standard methods. 
Identification of aerobic Gram-negative bacilli was by 
simple characters and resulted in the organism being 
reported as belonging to one of the following cate- 
gories: Klebsiella spp., Proteus spp., Pseudomonas 
aeruginosa and coliform bacilli. The last term was used 
to describe Gram-negative aerobic bacilli which were 
not classified in any of the previous categories, 
Sampling revealed that the majority of the last group 
were Escherichia coli, but this category cannot be 
considered homogeneous. No attempt was made to 
separate the various members of the Proteus group. 
A specimen producing no growth after overnight 
incubation was reincubated for a further 24 hours 
before being reported as sterile. Inoculation of the 
media was by three sequential strokes of a bacterio- 
logical loop, the loop being flamed between each 
stroke. Growth was assessed as ‘light’ (growth on first 
stroke only), ‘moderate’ (growth on two strokes), 
and ‘heavy’ (growth on all three strokes). In all 
instances the density of growth was assessed on the 
heated blood agar plates. In this survey only moderate 
and heavy growths were considered, light growth being 
thought to be possible contaminants. Coagulase 
activity in staphylococci was assessed by the slide 
method (Cowan and Steel, 1965). 

Sensitivity tests were performed on isolated 
organisms by disc diffusion techniques, using appro- 
priate control organisms and diagnostic sensitivity 





* Accident and Emergency Department, General Infirmary, 
Leeds. 
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Table I: DISTRIBUTION OF ORGANISMS ne 
runk 

Axilla Anorectal Hand Breast limbs Bartholin’s Tétal 
Number of patients 111 106 141 63 93 45 569 
Number of organisms {11 113 159 63 96 45 587 
Organism No. 4 No. S No. %3 No. % No. °3 No. 5 Na. yA 
Staph. aureus, coagulase-positive 88 793 25 236 104 68-9 53 84-1 59 63-4 13 28-9 342 60i 
Staph., coagulase-negative 3027227 4 3-8 8 53 i 1-6 7 75 2 44 25 4:39 
Coliform bacilli* I 09 42 396 17 113 4 43 i6 35-6 80 1406 
Sir, pyogenes 5 47 8 4:3 & 3-4 13 3-16 
H. influenzae i 09 3 20 I pil p 22 5 1-05 
P, aeruginosa i 09 1 6-02 
Proteus sp. § 45 5 47 2 22 5 Ili i7 30 
Enterococci 10 94 20 i 16 l 1l 1° 22 i6 28 
Mycobacterium tuberculosis i 09 1 002 
Kiebsiella sp. 2 19 2 0-04 
No growth 14 12-6 17 16-0 10-6 8 12:6 17 18-2 7 156 79 13-9 


* This group includes all Gram-negative aerobic bacilli not allocated to the other groups listed. Most of the organisms in this 


group were E. cell. 


Table I: COMPARISON OF THE INCIDENCE OF 
COLIFORM INFECTIONS IN DIFFERENT LOCATIONS 





Anorectal Bartholin’s 
Breast P abs <10°° P abs < 1077 
Hand P <10 P <10- 
Trunk/limbs P a10 P <10 
Axilla P abs < 1071 P abs < 10-8 
NS 


Anorectal oe 


emnin tema ratte rarest A AOA AAR 


Table HI: RESISTANCE OF Staph. aurens AND 
COLIFORMS TO DIFFERENT DRUGS 
Resistance (24) 


Staph. aureus Coliforms 


Antibiotic (342 organisms tested) (80 organisms tested) 
Penicillin 72-82 94-5 
Streptomycin 1-08 15-1 
Tetracycline ES 38-9 
Erythromycin 4-35 61-3 
Chloramphenicol Q 1:3 
Ampicillin 55-43 23-5 
Cioxacillin * 2-147 Not tested 
Lincomycin | Not tested 
Gentamicin Not tested 5 


* Tested as methicillin (Garrod et al., 1973). 


test (DST) agar. Assessment of cloxacillin sensitivity in 
Staphylococcus aureus was by a standard method using 
salt agar and methicillin discs (Garrod et al., 1973). 
Organisms were judged sensitive or resistant by 
reference to the control strains of known sensitivity. 
Anaerobic culture of specimens was not performed. 


Results 

Altogether 569 patients were studied, comprising 111 
axillary abscesses, 106 anorectal abscesses, 151 hand 
lesions, 63 breast abscesses, 93 abscesses involving the 
head, neck, trunk or limbs and 45 Bartholin’s abscesses. 
Before their first attendance 140 patients (24-6 per cent) 
had received an antibiotic from their general practi- 
tioner. The lesions, together with the organisms 
isolated in the various categories, are shown in Table 
1. The difference between the total number of patients 


and the total number of organisms reflects the number 
of mixed infections. In the anorectal group 6:6 per cent 
of the patients had mixed infections compared with 
5-3 per cent in the hand group and 3-2 per cent in the 
head, neck, trunk and limbs category. The incidence 
of coliform bacilli infection in Bartholin’s and 
anorectal abscesses is significantly greater than in 
abscesses of the breast, axilla, hand and head, neck, 
trunk and limbs. In Table L values for P are quoted in 
each case. There is no significant difference in the 
incidence of coliform bacilli infection in Bartholin’s 
and anorectal abscesses. Table IH shows the resistance 
patterns of the two commonest isolates (Staph. aureus 
and the coliform bacilli) to nine antibiotics. 


Discussion 

With the exception of anorectal and Bartholin’s 
abscesses, Staph. aureus was the predominant organism 
causing superficial sepsis in all sites. In axilla and breast 
abscesses this organism so predominated that the 
contribution of other organisms was almost negligible. 
Only a very small incidence of Gram-negative bacilli 
was noticed in these two sites. It is logical, therefore, 
to direct blind chemotherapy for sepsis in the breast 
and axilla to this staphylococcus alone, since the 
possible hazards of drugs of a broader spectrum will 
almost certainly outweigh the chances of any other 
organism being present. 

In hand lesions Staph. aureus again predominated 
to a large extent, but other organisms, such as 
Streptococcus pyogenes, Haemophilus influenzae and 
E. coli, occurred with more than occasional frequency. 
A similar comment applies to sepsis of the head, neck, 
trunk and limbs. Szr. pyogenes is an infrequent cause 
of superficial sepsis (Freeman, 1971). H. influenzae 
(Rogers et al., 1960) and coliform bacilli (Williams and 
Miles, 1949) have also been implicated as occasional! 
causes of hand sepsis. The occurrence of these Gram- 
negative bacilli may reflect the state of the lesion at the 
time of presentation, in particular whether rupture of 
the lesion had occurred (Lowden, 1955). Rupture is 


probably commoner at first presentation in sepsis of 
the hand and head, neck, trunk and limbs than in 
abscesses of the breast and axilla which may be 
referred earlier. This could explain the higher incidence 
of Gram-negative bacilli in hand and head, neck, 
trunk and limb lesions. An alternative explanation is 
that such lesions frequently follow open injuries, which 
facilitate contamination. It is interesting to note that 
mixed infections were present in the hand in 5:3 per 
cent of cases and in the head, neck, trunk and limbs in 
3-2 per cent of cases. The choice of antibiotic in these 
infections is complicated by the appearance of 
occasional Gram-negative organisms. However, since 
Staph. aureus and Str. pyogenes together account for 
well over 70 per cent of cases—-in some instances as a 
mixed infection--therapy should be directed against 
these two organisms. 

Turning to the sensitivity pattern found in Table HH, 
it can be seen that the typical strain of Staph. aureus 
causing sepsis in patients presenting in Leeds is very 
likely to be resistant to penicillin, and therefore 
penicillin would be precluded from use in blind treat- 
ment of sepsis of the axilla, breast, hand and head, 
neck, trunk and limbs. However, resistance to other 
drugs is minimal, with the exception of tetracyclines, 
which in any case would not be suitable for children or 
for Str. pyegenes. The choice lies between cloxacillin 
and lincomycin. From a bacteriological point of view 
there is little to choose between cloxacillin and linco- 
mycin, but since lincomycin can be used in penicillin- 
hypersensitive patients and is less expensive per 
patient course, we would suggest its use in blind 
treatment of sepsis of the axilla, breast, hand and 
head, neck, trunk and limbs. In adults it has been our 
practice after an initial intramuscular injection of 
lincomycin (600 mg) to commence oral therapy with 
the close analogue clindamycin at a dose of 150 mg 
q.d.s. for 4 days. This régime has been used success- 
fully for some years in this department (Jones and 
Wilson, 1976), without side-effects and, in particular, 
no evidence of the pseudomembranous colitis which 
has been reported elsewhere as a complication of this 
drug (Pittman and Humphrey, 1974). 

With regard to anorectal and Bartholin’s abscesses, 
it can be clearly seen that the predominating organisms 
aerobic Gram-negative bacilli, although staphylococci 
continue to account for a substantial proportion. It 
may be that the staphylococcal lesions are examples 
of skin sepsis of the type discussed above, which 
are simply occurring in this location by chance, 
whereas the Gram-negative infections represent a more 
truly local lesion, the organisms originating from the 
gut or perineum. A similar origin is likely for the 
enterococci. Blind antibiotic therapy must include 
consideration of both possibilities in the absence of a 
reliable clinical distinction between the two types. The 
occasional case of tuberculosis in the anorectal area 
serves as a salutary reminder that this condition 
requires consideration in certain patients. 

From Table IH it can be seen that for Gram- 
negative bacilli the choice of antibiotic is more 
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difficult than for staphylococci. Chloramphenicol is 
precluded from use because of its potential toxicity, 
streptomycin for its unavailability as an oral prepara- 
tion and similarly gentamicin. In addition, strepto- 
mycin should not be used in an area where tuberculosis 
can occur, albeit relatively rarely. Ampicillin appears 
to be the best compromise, being capable of parenteral 
use and of subsequent oral use, and also being active 
against enterococci. The choice of the second anti- 
staphylococcal drug lies between cloxacillin, so often 
used with ampicillin, and lincomycin. It is quite likely 
that anaerobic organisms of the Bacteroides group 
will be present in anorectal and possibly Bartholin’s 
lesions. Although such anaerobes were not looked for 
in this survey the known efficacy of lincomycin against 
these organisms in addition to its effect on staphy- 
lococci makes it the drug of choice to accompany 
ampicillin. Finally, because of the compromise 
necessary in the use of ampicillin it should be stressed 
that to achieve the maximum chance of success in 
anorectal lesions, our findings would support the use 
of lincomycin and gentamicin, and that for severely ill 
patients requiring admission to hospital, who may have 
rapidly progressing infection, we would recommend 
this combination. We would also point out that the 
apparent efficacy of erythromycin against Gram- 
negative bacilli, which our figures show, is an in vitro 
phenomenon confined to E. coli and that local tissue 
factors would preclude its successful use in vivo 
(Williamson and Zinneman, 1962). 
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Plasma glucagon levels in haemorrhagic shock 
R. C. G. RUSSEL, B. J. PARDY, M. E. CARRUTHERS AND S. R. BLOOM* 


SUMMARY 

Eleven healthy dogs were subjected to haemorrhagic 
shock for 90 min, after which shed blood was reinfused. 
Detailed studies were made of cardiopulmonary func- 
tion. Samples of blood were taken at frequent intervals 
for the measurement of glucagon, insulin and glucose. 
Three dogs had samples taken for catecholamine levels. 
The glucagon level rose during haemorrhagic shock but 
there was no relationship between this rise and the 
change in cardiorespiratory measurement, but there was 
a relationship between the plasma glucagon level, the 
blood glucose and the catecholamine level. It is suggested 
that the release of glucagon in haemorrhagic shock is 
mediated by sympathetic stimulation of the alpha cell 
and that the rise in glucagon is in part responsible for the 
hyperglycaemia which is found in shock. 


Tue level of plasma glucagon has been found to rise 
after severe trauma (Lindsey et al., 1974), in extensive 
burns (Willmore et al., 1974; Orton et al., 1975), after 
myocardial infarction (Willerson et al., 1974) and 
during surgical procedures (Russell et al., 1975). The 
mechanisms of this rise and its role in response to 
these stimuli are unknown. Possible mechanisms for 
glucagon release are mediated either by the autonomic 
nervous system or by a direct action on the pancreatic 
alpha cell. Anatomical studies have shown that 
autonomic nerve fibres are closely associated with the 
pancreatic islets (Munger, 1972). Stimulation of the 
vagus nerve (Bloom et al., 1974) and of sympathetic 
afferents (Bloom et al., 1973; Iversen, 1973) has been 
shown to release glucagon, while vagotomy or atropine 
(Bloom et al., 1974) and beta-adrenergic blockade 
(Lindsey et al., 1975) have been shown to lower the 
glucagon level raised by the stimulus of hypoglycaemia 
and haemorrhagic shock respectively. 

The purpose of this study was to delineate the 
cardiorespiratory phenomena of haemorrhagic shock 
which might act as trigger mechanisms for the release 
of glucagon. 


Methods 

Eleven normal greyhounds of mean weight 245 kg were 
anaesthetized by induction with thiopentone sodium 20 mg/kg 
i.v., followed immediately by phenobarbitone sodium 6 mg/kg. 
The animal was placed supine on a suitable operating table 
and ventilated through a cuffed endotracheal tube with room 
air, using a volume-cycled pump respiratory. Relaxant 
anaesthesia was achieved with continuous intravenous infusion 
of pancuronium bromide (Pavulon, Organon) and metho- 
hexitone sodium (Brietal Sodium, Eli Lilly). Tidal volume was 
adjusted so that the end tidal CO, concentration was approxi- 
mately 4-5 per cent as determined with an infrared analyser 
(Godart Capnograph, Type B.E.). The spleen was removed to 
eliminate the effect of the splenic blood reservoir and cannulas 
were passed into (a) the pulmonary artery for measurement of 
the pulmonary artery pressure and sampling of mixed venous 
blood; (b) the femoral artery for systemic arterial pressure 
monitoring; (© the carotid artery for sampling of the systemic 
arterial blood and bleeding to produce shock; and (d) the 
right atrium for measurement of central venous pressure. 
Pressures were transduced with strain gauges (S. E. Labora- 
tories, SEM 4-88), the signals preamplified (SAN-EI Biophysio- 
graph 180) and mean pressures traced on a potentiometric 
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Fig. 1. The sampling times for plasma glucagon, plasma 
insulin and blood glucose and for blood gas analysis. In 3 
dogs in whom catecholamine levels were taken, sampling 
times were identical to that of glucagon. 


recorder (Multicorder, Watanabe). A thermocouple probe was 
sited in the mid-oesophagus to record core temperature. 

After stabilization for 1 h, blood samples for the assay of 
glucagon, insulin, blood sugar, and in 3 dogs for catecholamine 
levels, were taken on three occasions to give basal levels, and on 
one occasion for blood gas analysis. Blood was then pumped 
from the carotid artery cannula at a constant rate of between 
i and 3ml kg? min until blood pressure began to fall 
sharply. The blood pressure was then maintained at a systolic 
pressure of between 50 and 120 mmHg (normal systolic blood 
pressure 150-180 mmHg), for a total hypotensive period of 
90 min. Samples of blood were taken at the times indicated 
(Fig. 1). Ninety minutes after the start of bleeding shed blood 
was reinfused and the dogs observed for a period of 100 min, 
samples being taken at the times indicated. 

Degradation of glucagon in the blood samples was prevented 
by the addition of 100 KIU aprotinin (T rasylol)/ml of blood, 
immediate centrifugation and storage of the plasma at —20 °C 
until the time of the assay. Plasma glucagon was measured by 
radioimmunoassay utilizing a pancreatic glucagon specific 
antiserum (C terminal reacting) at a final dilution of 1/400 000. 
This antiserum cross-reacts less than 5 per cent with entero- 
glucagon preparations. A charcoal separation procedure was 
used after a 4-day incubation period at 4°C. Addition of 
plasma containing 50 ng glucagon/| caused a 10 per cent fall in 
the percentage glucagon YF bound to antibody. Plasma insulin 
was measured using a charcoal separation method (Albano et 
al., 1972) with antibody supplied by Wellcome Reagents 
Ltd and iodinated insulin supplied by the Radiochemical 
Centre, Amersham. Blood glucose was measured on the auto- 
analyser adapting the alkaline ferricyanide method. The cate- 
cholamines were measured by a semi-automated fluorimetric 
method (Carruthers et al., 1970). 

Cardiac output was measured by the direct Fick principle. 
For the latter, expired air was directed through an online 
analysing system comprising air-mixing bags, a paramagnetic 
O, analyser (Taylor Servomex OA 272), the infrared CO, 
analyser and a dry spirometer (Parkinson Cowan CD4). 
Arterial and mixed venous blood samples were analysed for 
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Fig. 3. The individual glucagon levels in 6 dogs illustrate the divergence of glucagon 

levels between the different dogs. 
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Fig. 4. The individual plasma insulin levels in 6 dogs illustrate the variation in response of insulin 
to the stimulus between different dogs. The initial fall in insulin and the delayed rise is characteristic 


of the group. 


Table I: THE CORRELATION COEFFICIENT 
BETWEEN PLASMA GLUCAGON AND PLASMA 


INSULIN, PLASMA GLUCAGON AND BLOOD 
GLUCOSE AND PLASMA INSULIN AND BLOOD 
GLUCOSE IN 11 DOGS 
Glucagon Glucagon Insulin 
Dog No. insulin glucose glucose 
CI 0-668 0-746 0-554 
C2 —~0-406 — _ 
C3 0-062 ~—- 0-123 0-396 
C4 0-471 0-426 0-596 
C5 0:320 0-157 0-215 
C6 0-072 0-646 0-130 
C7 0-677 0-871 0-866 
CE 0-847 0-668 0-612 
C9 0-626 0-909 0-656 
C10 0-726 0-639 0-667 
Cii 0-691 0-643 0-752 


n= 29; P005; r = 0-367. 


pH, Po, and Pco, using a micro-electrode system (Blood 
Micro System Type BMS 3, Radiometer). Arterial blood 
haemoglobin concentration was read on a Coulter Counter 
(Model S}. 

Calculations were performed on a PDP-81 digital computer. 
A blood-gas factor of 4 per cent was applied to the readings 
obtained with the O, electrode (Adams et al., 1967) and blood 
pH, O, and CO, tensions were corrected for temperature 
(Kelman and Nunn, 1966); O, saturation was derived from 
tension using a nomogram for dog blood (Rossing and Cain, 
1966}, and a value of 1-39 ml/g was used for the O, combining 
of power haemoglobin (Sykes et al., 1971). Alveolar O, was 
calculated from the alveolar air equation using gas tensions. 
Expired air volume and gas concentrations were corrected for 
temperature and pressure and cardiac output was determined 


using standard equations. 


Results 
Following haemorrhage there was a rise in the gluca- 
gon level, reaching a peak of 353 ng/1 +s.d. 340 ng/1 
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Fig. §. Catecholamine levels in dog C10 with the correlation 
coefficient given for dogs C9 and C11 for comparison. 
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from a mean basal level of 59 + 10 ng/1 (Fig. 2). The 
rise did not occur immediately, only 6 dogs showing a 
rise at 20 min, 7 dogs at 40 min, 10 dogs at 70 min and 
not until 90 min did the sixth dog show a rise in the 
glucagon level. This variation in the response to the 
haemorrhagic stimulus was marked, some dogs 
showing a 100 per cent rise in glucagon while others 
showed a minimal rise only (Fig. 3). Following 
reinfusion of the shed blood there was a decrease in the 
glucagon level by 20 min. Eight of the 10 remaining 
dogs (one dog dying during the reinfusion) had a 
glucagon level below the peak value and all dogs had 
values below the peak value during the first 50 min 
after transfusion. 

A similar trend occurred in the insulin levels (Fig. 4) 
except that 8 of the 11 animals showed a fall in the 
insulin level at 20 min and at the end of the hypotensive 
period there were still 2 dogs which did not show a rise 
in the insulin level. The fall was less marked following 
reinfusion, and the variability of the response was 
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similar to that of glucagon. The blood sugar level rose 
steadily in all dogs, reaching a peak at the end of the 
hypotensive period and falling gradually thereafter 
(Fig. 2). 

To determine if there was a relationship between the 
glucagon insulin and blood sugar level, each level in 
each dog was correlated. The correlation coefficients 
are given in Table I. A correlation coefficient signifi- 
cantly different from zero was present in 6 of the 11 
dogs, and 7 of the 10 dogs had a significant relation- 
ship between the glucagon level and the blood sugar. 
There was also a positive correlation in 7 of the 10 
dogs between the blood sugar level and the plasma 
insulin. To determine if there was a relationship 
between the glucagon, insulin and blood sugar level 
and the other parameters which were measured in the 
experiment, each of the above was correlated with the 
systemic arterial oxygen, the mixed venous oxygen, 
the oxygen consumption, the oxygen extraction ratio, 
the arterial carbon dioxide, carbon dioxide production, 
the total peripheral resistance index, the cardiac out- 
put, the pulmonary vascular resistance index, the base 
deficit, the core temperature and the oxygen debt in 
each dog. None of these parameters of the dog’s 
response to the haemorrhagic insult were significantly 
correlated in more than 4 dogs with the glucagon, 
insulin or blood sugar level. 

In each of the 3 dogs in whom the catecholamine 
levels were examined a significant relationship between 
the circulating catecholamine level and the plasma 
glucagon level was found (Fig. 5). No such relation- 
ship was present for insulin (r = 0-451, 0-338 and 
0-327 for dogs 9, 10 and Il respectively) but it was 
present for the blood sugar level (r = 0-469, 0-774 and 
0-674 respectively). 


Discussion 

This study confirms the finding that the glucagon level 
rises during haemorrhagic shock. The rise is corre- 
lated in 7 of the 10 dogs with the rise in blood sugar, 
but in only 6 of the 11 dogs is it related to insulin. The 
lack of correlation with any of the cardiovascular 
changes of shock suggests that none of these triggers 
the release of glucagon. Finally, the relationship 
between the catchecholamine levels and the glucagon 
and sugar levels suggests a relationship between these 
factors, 

Experiments in which endocrine changes are corre- 
lated with changes in cardiorespiratory phenomenon 
rely heavily on the measurements of both parameters 
being sufficiently accurate to follow the changes being 
recorded. For this reason standard and well-established 
parameters were used to monitor the cardiac and 
respiratory events occurring during the study, but the 
measurement of the endocrine changes is open to 
question. The measurement of glucagon and insulin 
levels was performed by radioimmunoassay proce- 
dures which are now accepted as giving an accurate 
assessment of the level of the hormone. However, such 
concentrations of the hormone in the blood may not 
reflect an accurate rate of the true secretion by the 
pancreas under changing blood flow and haematocrit, 
as occurs during haemorrhage. A further factor is 
that glucagon is metabolized by the kidney and thus, 
as a result of renal impairment, the high levels may be 
due to a failure of degradation. Such criticism can to 
some extent be answered by the measurement of 
gastrin, which is also metabolized by the kidney and 





which was measured in this study. The gastrin level 
was found to be unchanged throughout the experiment, 
suggesting that the factors mentioned are unlikely to be 
of great significance. It is debatable whether concen- 
tration or secretion rate is of greater importance in 
endocrine studies of the type under consideration, but 
it is probable that the level plays a role equal to that of 
the secretion rate in hormone dynamics because the 
higher the level of the hormone the greater the number 
of receptor sites which are activated, 

The lack or correlation between any of the 
parameters of cardiorespiratory function which were 
measured was initially surprising. The reason for this 
disparity was that the changes in the levels of the 
hormone occurred later than the changes in cardio- 
respiratory function, and thus any effect that the cardio- 
respiratory parameters had on the levels of glucagon 
or insulin must be by an intermediate mechanism. 

The relationship between the catecholamine levels 
and the glucagon and sugar levels suggests that the 
haemorrhagic stimulus produced its effect on the 
glucagon and sugar levels by means of the sympathetic 
nervous system. The presence of autonomic nerve 
fibres close to the alpha cells, the stimulation of the 
sympathetic afferents to release glucagon and the 
decrease of a raised glucagon level by beta-adrenergic 
blockade point to a physiological role for this system 
in the mechanism of glucagon release. This is further 
supported by the correlation between the blood sugar 
level and the epinephrine secretion rate ( Carey et al., 
1976). The blood glucose level has been shown to be 
regulated by glucagon in experiments performed in 
man using somatostatin (Bloom et al., 1975). 

The relationship between insulin and glucagon was 
less strong than that for glucagon and sugar, and use 
of the molar relationship between insulin glucagon did 
not help to elucidate the role of insulin in the hyper- 
glycaemia which was found in shock. Such a lack of 
relationship has been described in man during the 
stress of operation (Wright et al., 1974). 

The conclusion from these studies is that during 
Stress the rise in the level of glucagon is probably due 
to the action of sympathetic stimulation directly on 
the alpha cell of the pancreas. Such a conclusion is 
supported by the finding that direct stimulation of the 
sympathetic nerves will release glucagon and that this 
glucagon rise will occur even after adrenalectomy 
(Ensinck et al., 1976). 


References 

ADAMS A. P., MORGAN-HUGHES J, O. and SYKES M, K. (1967) PH 
and blood gas analysis. Anaesthesia 22, 575-597, 

ALBANO J. D. M., ELKINS R. P., MARITZ G. et al. (1972) A sensitive 
precise radioimmunoassay of serum insulin relying on 
charcoal separation of bound and free hormone. Acta 
Endocrinol. (Kbh.) 70, 487-509, 

BLOOM S. R., EDWARDS A. V. and VAUGHAN N. 3 A. (1973) The 
role of the sympathetic innervation in the control of 
plasma glucagon concentrate in the calf. J. Physiol. 233, 
457-466. 

BLOOM S. R., EDWARDS A. V. and VAUGHAN N. J. A. (1974a) The 
role of the autonomic innervation in the control of 
glucagon release during hypoglycaemia in the calf. J. 
Physiol. 236, 611-623. 

BLOOM 5. R, VAUGHAN N. J. A. and RUSSELL R. C. G. (1974b) 
Vagal control of glucagon release in man. Lancet 2, 
546-549. 

CAREY L. C., CURTIN R. and SAPIRA J. D. (1976) Influence of 
hemorrhage on adrenal secretion, blood glucose and 
serum insulin in the awake pig. Ann. Surg. 183, 185-193. 





CARRUTHERS M., TAGGAR P., CONWAY N. et al. (1970) Validity 
of plasma catecholamine estimations. Lancet 2, 62-66. 

ENSINCK J. W., WALTER R, M., PALMER J. P. et al. (1976) Glucagon 
responses to hypoglycaemia in adrenelectomized man. 
Metabolism 25, 226-232, 

IVERSEN J. (1973) Adrenergic receptors and the secretion of 
glucagon and insulin from the isolated perfused canine 
pancreas. J. Clin. Invest. 52, 2102-2116. 

KELMAN G, R. and NUNN J. E. (1966) Nomograms for correction 
of blood PO, PCO, pH and base excess for time and 
temperature. J. Appl Physiol. 21, 1484-1490. 

LINDSEY C. A., FALOONA G. R, and UNGER R. H. (1975) Plasma 
glucagon levels during rapid exsanguination. with and 
without adrenergic blockade. Diabetes 24, 313-316. 

LINDSEY C, A., SANTEUSANIO F., BRAATEN J. et.al. (1974) Pan- 
creatic alpha cell function i in trauma. JAMA 227, 757-761. 

MUNGER B. L. (1972) In: LEFEBRE P. J. and UNGER R. H. (ed.) 
Glucagon. Oxford, Pergamon, pp. 429-435. 


25 


ORTON C. L, SEGAL A. W., BLOOMS. R. et al, (1975) Hypersecretion 
of glucagon and gastrin in severely burnt patients, Br. 
Med, J. 2, 170-172. 

ROSSING R. G. and CAIN S$. M. (1966) A nomogram relating 
PO,, pH temperature and haemoglobin saturation in the 
dog. J. Appl. Physiol. 21, 195-201. 

RUSSELL R. C. G., WALKER C. J. and BLOOM 8. R. (1975) Hyper- 
glucagonaemia i in the surgical patient. Br. Med. J. 1, 10-12. 

SYKES M. K., ADAMS A. P., FINLEY W, E. et al. (1971) The ‘cardio- 
respiratory effects of haemorrhage and overtransfusion in 
dogs. Br. J. Anaesth. 42, 373-584, 


Plasma glucagon I levels 


WILLERSON J. T., HUTCHESON D., LESKIN S.J. et al. (1974) Serum 


glucagon and insulin levels and their relationships to blood 
glucose values in patients with acute myocardial. infarction. 
Am. J. Med. 57, 747-753. 


WILLMORE D. W., LINDSEY. C. A., MEYLUN E et al. (1974). Hyper- a, 


glucagonaemia after burns. Lancet 1, 73-75. 


WRIGHT P. D., HENDERSON K. and JOHNSTON L Dy A (1974) p ; l 
Glucose utilization and insulin secretion during surgery in ee 


man. Br, J. Surg. 61, 5-8. 








Br. J. Surg. Vol. 64 (1977) 290-300 


Surgical Research Society 


The Winter Meeting of the Surgical Research Society was held at Guy’s Hospital, London, on 6 and 7 January 
1977 with Professor A. P. M. Forrest (President of the Surgical Research Society) in the chair. The following 


papers were presented. 


1. Visual lymphography as an aid to the staging of breast cancer 
D. J. LEAPER and A. V. POLLOCK, Scarborough Hospital, Scar- 
borough 


The presence of axillary node metastases is of fundamental 
importance in the staging of patients with breast cancer. Its 
prognostic and therapeutic significance has been repeatedly 
demonstrated. 

The accepted method of discovery of axillary nodes in opera- 
tion specimens (either radical mastectomy or simple mast- 
ectomy with removal of axillary tail and fat) is by palpation, 
but the number of specimens in which nodes are not found 
varies between 2 per cent in the best hands (Forrest et al., 
1976) and 30 per cent in routine practice. 

In an attempt to improve the harvest of axillary lymph 
nodes during simple mastectomy with node biopsy, we inject 
1 ml of disulphine blue dye, immediately deep to the areola, 
1-2 hours before operation. Lymphatic vessels and nodes 
are easily recognized by their blue colour and the nodes can 
be removed for histological examination. In only one patient 
out of 12 were the nodes not coloured, and in this case they 
had all been replaced by metastatic tumour. The method is 
now in routine clinical use. 


FORREST A. P. M., ROBERTS M. M., CANT E. et al. (1976) Simple 
mastectomy and pectoral node biopsy. Br. J. Surg. 63, 
569--575. 


2. Comparison of the effect of immediate and delayed primary 
renal function on long term function in renal transplant reci- 
pients 

J, M. DAVISON, R. M. R. TAYLOR and P, R. ULDALL, MRC Repro- 
duction and Growth Unit, Princess Mary Maternity Hospital, 
and Departments of Surgery and Medicine, Royal Victoria 
Infirmary, Newcastle upon Tyne 


Delayed primary function after cadaver kidney transplanta- 
tion may be detrimental to the recipient because of compli- 
cations of the procedures used to investigate and manage the 
delay (Whittaker et al, 1973). The specific effect, in the 
absence of other complicating factors, of delayed function 
on long term renal function is not known. 

We report renal function studies in two groups, each of 
7 patients, who had received cadaver kidney transplants. 
Group I had immediate primary function and group H had 
delayed primary function which required temporary dialysis. 
The groups were matched for age, major physical character- 
istics, rejection episodes and general transplant management 
and only one patient had a post-transplant renal biopsy. 
Renal function was studied 12-41 months after transplanta- 
tion without knowledge of group identity. Subjects were in 
good general health, not on dialysis and had normal oral 
glucose tolerance tests. 

Glomerular filtration rate (GFR) was lower in group H 
subjects. They excreted more glucose/24h and had less effi- 
cient proximal tubular reabsorption of glucose under infusion 
conditions. 


24-hour Giucose 
Months urinary GFR (ml/min) reabsorp- 
since glucose 24-hour 24-hour tion (% 
trans- excretion creatinine inulin filtered 
plant (mg) clearance clearance load) 
Group | 24-4 42-7 71-7 75-0 91-6 
+58 +167 -+ 12-4 +171 +87 
Group II 23-1 192-3 52-9 48-4 79-1 
+119 “+ 1547 +66 +14-2 +. 5-8 


All values are mean --s.d. 


The results suggest that an immediately functioning kidney 
has better long term function than one with delayed function. 


WHITTAKER J. R., VEITH F, J., SOBERMAN R. et al. (1973) The 
fate of the renal transplant with delayed function. Surg. 
Gynecol. Obstet. 126, 919-922. 


3. A comparison of a reactive hyperaemia test with a standard 
exercise test in the evaluation of peripheral vascular disease 
M. J. FOX, A. TRIPOLITIS, S, KIRBY and C. W. JAMIESON, Vascular 
Surgical Unit, Royal Postgraduate Medical School, London 


In ambulant patients with peripheral ischaemia, changes in 
ankle blood pressure after exercise provide a useful compara- 
tive index of disability. It has been claimed that reactive 
hyperaemia might prove a simpler technique, but a compara- 
tive study has not been performed. 

We have studied 40 ambulant patients with varying degrees 
of lower limb ischaemia using: 

1. Simultaneous Doppler ultrasound recordings of brachial 
and ankle pressures after 5 minutes’ arterial occlusion of the 
lower limb by a cuff. 

2. An identical investigation following a standard walking 
test on a horizontal treadmill (Yao, 1970). 

The tests were performed in random order and a resting 
state was regained between each test. 

One minute after each test, both methods caused an equal 
fall in distal pressure expressed as a ratio of ankle pressure 
to brachial pressure (from 0-69+0-21 to 0-44+0-22 following 
hyperaemia and 0:72+0-21 to 0-48-+0-25 after exercise). The 
duration of the fall was much longer after exercise (6°35 
3-65 min) than hyperaemia (2:54 123 min}. This difference 
is highly significant (P= <0-001, t-test). 

An exercise test therefore has the advantages that the pro- 
longed fall in pressure facilitates accurate measurement and 
the duration of fall appears to reflect the severity of the 
ischaemia. 

The exercise test seems to be a more valuable technique, 
providing a more comprehensive assessment of the degree 
of ischaemia. 


YAO s. T. (1970) Haemodynamic studies in peripheral arterial 
disease. Br. J. Surg. 57, 761-766. 


4. The effect of urogastrone on gastric secretion and serum 
gastrin concentration in duodenal ulcer patients. 

C. G. KOFFMAN, J. B. ELDER, P. C. GANGULI, I. E. GILLESPIE, 
H. GREGORY and c. GEARY, University Department of Surgery, 
Royal Infirmary, Manchester, and The Research Department, 
ICI, Alderiey Park, Cheshire 


Following previous work (Elder et al, 1975a,b) we have 
included 12 male patients with active duodenal ulceration in 
this study which is in two parts. In the first, the effect of a 
l-hour intravenous infusion of 0-25 ug/kg urogastrone on 
the basal secretion of gastric acid, pepsin and intrinsic factor 
and on serum gastrin concentration was observed in 7 patients. 
There was a mean reduction of 54 per cent in acid output 
during urogastrone infusion compared with the control 
period and this was maintained during the following hour. 
There was no significant change in pepsin or intrinsic factor 
output, or in serum gastrin concentration. 

In the second part a l-hour infusion of urogastrone was 
given on 5 successive days to 5 patients. On days 1 and 5 
urogastrone was administered after establishing a plateau 
acid secretory response to an intravenous infusion of penta- 
gastrin (1-2 ug kg h~). There was a mean reduction of 
50 per cent (range 30-78 per cent) in acid output during the 
urogastrone infusion and this was maintained during the 
next hour. The results on day 1 and day 5 were similar. 
There was a 40 per cent reduction in pepsin output, a 60 per 


cent reduction in intrinsic factor output, but no change in 
fasting serum gastrin concentration. Two patients suffered 
transiént headache; otherwise there were no clinical, bio- 
chemical or haematological side-effects from urogastrone. 


ELDER J. B., GANGULI P. C., GILLESPIE 1. E. et al. (1975a) Effect 
of urogastrone in the Zollinger-Ellison syndrome. Lancet 
2, 424-427. 

ELDER J. B., GANGULI P. C., GILLESPIE I. E. et al. (1975b) Effect 
of urogastrone on gastric secretion and plasma gastrin 
levels in normal subjects. Gut 16, 887-893. 


5. The interaction of calcium with bile salts: its significance in 
galistone pathogenesis 

B. W. A. WILLIAMSON and I. W. PERCY-ROBB (A. P. M. FORREST), 
Departments of Clinical Surgery and Clinical Chemistry, 
Royal Infirmary, Edinburgh 

Calcium salts are a common component of gallstones, and 
abnormal metabolism of calcium in bile may be involved in 
gallstone formation. Though the maximum calcium-binding 
capacity of biliary protein is ten times greater than that of 
albumin (Williamson and Percy-Robb, 1977), its concentra- 
tion in bile is not sufficiently high to explain the proportion 
of calcium bound. Bile salt micelles are known to bind 
sodium ions (Moore and Dietschy, 1964) and it therefore 
seemed likely that calcium would also be bound. 

Calcium binding to micelles of glycocholate (40 mmol/l) 
and of glycocholate/lecithin mixtures (40 mmol/l, 11 mmol/l 
respectively) was studied in an ultrafiltration system in the 
presence of sodium chloride (150 mmol/l). At pH 8-0 and a 
calcium concentration of 0-5 mmol/l (the mean unbound 
concentration in hepatic bile} the glycocholate system bound 
50% of the total calcium, whereas the glycocholate/lecithin 
system bound 80 per cent. At pH 7-2 the glycocholate system 
bound only 25 per cent. Binding was not saturated until 
calcium concentrations of 50 mmol/l were achieved. 

Therefore, the calcium-binding system in bile consists not 
only of biliary protein, but also of bile salt micelles. It is pro- 
posed that increases in the unbound calcium concentration 
in bile, which would lead to the formation of insoluble calcium 
salts, may occur as the result of changes in biliary pH and 
also as a consequence of variations of bile salt concentration 
in the enterohepatic circulation. 


MOORE E. W. and DIETSCHY J. M. (1964) Na and K activity 
coefficients in bile and bile salts determined by glass 
electrodes. Am. J. Physiol. 206, 1111-1117. 

WILLIAMSON B. W. A. and PERCY-ROBB I. w. (1977) Is initiation 
of gallstone formation related to calcium metabolism in 
bile? Scot. Med. J. In the press. 


6. The influence of sodium intake on the aldosterone response 
to surgery 

J. P. S. COCHRANE and B. F. RIBEIRO (L. P. LE QUESNE), Depart- 
ment of Surgical Studies, The Middlesex Hospital, London 
Plasma aldosterone and renin concentrations were measured 
by radio-immunoassay in 14 surgical patients {(cholecyst- 
ectomy 13, vagotomy 1); preoperatively they received a con- 
stant electrolyte intake for 3 days, water and electrolyte 
balances being measured throughout the study. On post- 
operative days l-5, 7 patients (low salt group) received 
80 mmol sodium daily); the other 7 (high salt group) received 
265 mmol sodium and 1 litre dextran 70 on the operation 
day and 156 mmol on each of the following 4 days. 

The plasma aldosterone level was significantly increased 
in both groups 45 minutes after the start of operation, return- 
ing to preoperative levels in 7 hours in the high salt group 
but not until day 5 in the low salt group. Plasma aldosterone 
and renin concentrations rose higher in the low salt than in 
the high salt group. Sodium excretion was higher in the 
high salt group but accompanied by significantly greater 
sodium retention. 

These results define the pattern of the plasma aldosterone 
response after surgery with different fluid intakes. They show 
that a brief rise of plasma aldosterone level occurs despite a 
high sodium intake, indicating that more than one stimulus 
must be involved and that factors other than aldosterone 
must play an important role in sodium retention after surgery. 
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7. Topical noxytiolin in colonic healing 
R. D. ROSIN and O. J. A. GILMORE (H. ELLIS), Surgical Unit, West- 
minster Hospital, London 


Dehiscence of intestinal anastomoses, particularly colonic, 
continues to be a significant cause of morbidity and mortality 
in surgical practice. Measures which limit the extent and im- 
portance of bacterial contamination during surgery may help 
to prevent anastomotic disruption (Irvin and Hunt, 1974). 
Two hundred and seventy female Sprague-Dawley rats had 
a colonic anastomosis performed in the descending colon. 
Once divided, the cut ends of the colon were irrigated with 
5ml of either 2-8 per cent noxytiolin or normal saline, the 
solutions being randomly selected. The anastomoses were 
completed with interrupted everting 5/0 black silk sutures 
and were again subjected to irrigation with the solution 
previously used. Healing was assessed at 2-day intervals 
macroscopically, mechanically, angiographically and micro- 
scopically. 

The number of poor anastomoses following use of normal 
saline was significantly higher (P<0-05). The number of 
adhesions after using noxytiolin was significantly less (P< 
0-05). There was no statistical difference in the strengths of 
the anastomoses as measured by bursting pressure and tensile 
strength. Histologically, there was evidence of slower healing 
in the control group owing to an increase in inflammatory 
tissue in the healing scar. 

Only three frank perianastomotic abscesses were discovered, 
all of which occurred in the control animals. 

Topical noxytiolin before colonic anastomosis increases 
the chance of a good anastomosis, inhibits adhesion formation 
and is not detrimental to its final strength. 


IRVIN T. T. and HUNT T. K. (1974) Pathogenesis and prevention 
of disruption of colonic anastomoses in traumatized rats. 
Br. J. Surg. 61, 437-439. 


8. Effect of splenectomy on host resistance to cancer 
R. W. S. CHANG and J. L. TURK (G. W. TAYLOR), Department of 
Pathology, Royal College of Surgeons of England, London 


The spleen, though a large lymphoid organ, is rarely affected 
by metastases. The present study was undertaken to see if the 
spleen has a role to play in the immune response of a host 
to a tumour, which may be exploited for the immunotherapy 
of cancer. 

It was found that prior splenectomy increased the resistance 
of Balb/c mice to a syngeneic methyicholanthrene-induced 
ascitic tumour inoculated intraperitoneally. The survival rate 
of the splenectomized mice was 81-6 per cent while that of 
normal or sham-operated controls were 11:5 per cent and 
20 per cent respectively (P<0-001). This effect of splenectomy, 
however, was seen only within the dose range of 10%-10* 
tumour cells. This finding may have implications for the 
immunotherapy of minimal residual cancer. 

The effect of splenectomy was reversed by the transfer of 
serum from tumour-bearing mice and of spleen cells from 
normal and tumour-bearing donors to mice immediately after 
the inoculation of tumour cells. Cell-free ascitic fluid did not 
reverse the effect of splenectomy. 

These results suggest that the protective effect of splen- 
ectomy is the consequence of the removal of a subpopulation 
of spleen cells which produce a factor found in serum which 
enhances the growth of tumour cells. 


9. The correlation between arteriography and isotope angi- 
ology in aorto-iliac disease 

R. A. HURLOW, S. T. CHANDLER and C. J. L. STRACHAN, Depart- 
ments of Surgery and Medical Physics, Queen Elizabeth 
Hospital, Birmingham 


In the assessment of 33 patients with claudication, isotope 
angiology from the aorta to the upper femoral segments was 
performed, before arteriography, using an i.v. 7 mCi bolus 
of *°Tc™ and a gamma camera linked to an on-line computer. 

Angioscans were assessed for minor or major stenosis or 
occlusion of the arterial segments—-aorta, common iliac or 
more distal—and compared blindly with independently scored 
arteriograms. 
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The isotope bolus timed from the lower aorta to the com- 
mon femoral segment was defined as the bolus transit time. 
The aortofemoral segments were classified arteriographically 
-group I normal, group Il minor disease, group HI major 
disease, group IV occlusion—and mean bolus time calcu- 
lated for each group. 

Visual assessment of the scan gave an 85 per cent correla- 
tion with arteriography in 274 compared segments. There 
were 10-5 per cent false positives and 4-5 per cent false nega- 
tives. Mean bolus transit times were as follows: 


Angio- Mean bolus 
graphic No. of transit time f-test and 
class patients (s} P-values 
Group I 12 0-483 +. 0-485 Groups H/A 
P= <0-005 
Group H 16 1:125 -+0526 Groups HII 
== << 0-001 
Group HI 9 1-666 0-774 Groups HU/H 
P = <0-05 
Group LV 5 1-600-+0-721 Groups IV/I 
P= <0-001 





These results show minor disease differentiated from nor- 
mality and from major disease requiring surgery. By com- 
bining visual analysis and transit times the localization and 
severity of disease can be determined in 95 per cent of cases. 


10. A prospective controlled trial of truncal vagetomy and 
drainage for chronic duodenal ulcer 

L MACKENZIE, F. KENNEDY, C. MACKAY and A. W. KAY, Univer- 
sity Department of Surgery, Western Infirmary, Glasgow 


Six hundred and thirty-four patients were entered into a 
prospective trial of elective truncal vagotomy and drainage 
for chronic duodenal ulcer. Two hundred and thirty-four 
patients were randomly allocated to pyloroplasty and 225 to 


gastrojejunostomy. Two groups required exclusion: in 47 - 


patients it was necessary to open the duodenum to confirm 
the diagnosis (pyloroplasty followed in all); in 128 patients 
in whom pyloroplasty was considered unsafe for technical 
reasons, gastrojejunostomy was electively chosen. 

The patients were routinely assessed at a special clinic and 
the data stored in a computer system (Kennedy et al., 1968). 
The current analysis shows a 90 per cent follow-up, ranging 
from a maximum of II to a minimum of 3 years. 

The operative mortality was 0-6 per cent. The incidence of 
severe dumping was 0-8 per cent. Diarrhoea of clinical signi- 
ficance was present in 3 per cent of patients, though in none 
was it sufficiently severe to merit a Visick 4 grading. 

Thirty-two patients had proved recurrent ulceration, 28 
of whom required reoperation. There were no significant 
differences between the drainage procedures with the excep- 
tion of bilious vomiting which occurred significantly more 
often after gastrojejunostomy than pyloroplasty, 8 patients 
requiring conversion from gastrojejunostomy to pyloroplasty. 
After the 36 reoperations 90 per cent of the patients achieved 
a Visick grade 1 or 2. 


KENNEDY F., CLEARY J. J., ROY A. D. et al. (1968) ‘Switch’: A 
system producing a full hospital case-history on com- 
puter. Lancet 2, 1230-1233. 


11. An animal model for the study of liver preservation and 
viability 


D. B. JACKSON and K. E. F. HOBBS, Academic Department of 


Surgery, Royal Free Hospital, London 


Successful orthotopic rat liver transplantation was first de- 
scribed by Lee et al, (1973) and heterotopic transplantation 
by Lee and Edgington (1966). There have not been any 
reports regarding the assessment of liver preservation by rat 
liver transplantation. 

Sprague-Dawley rats were used. Heterotopic transplanta- 
tion was performed utilizing a 30 per cent segment. Ortho- 
topic transplantation was by modification of the method of 
Lee et al. (1975). 


Four groups were examined: 

I. Immediate heterotopic transplantation. 

II. Immediate orthotopic transplantation. 

Ili. Heterotopic transplantation after storage for 5 hours 
at 5 °C. 

IV. Orthotopic transplantation after storage for 5 hours at 
5°C. 

All the livers in group 1 functioned immediately as judged 
by bile production and graft appearance. In group H there 
was a 55 per cent operative mortality due to technical error, 
but the remaining livers functioned immediately as judged 
by survival. Group HI revealed 3 livers that did not produce 
bile until 5-6 days after operation, indicating a possible 
reversal of ischaemic damage. All the animals in group IV died. 

Rat liver transplantation is relatively cheap and can be 
performed single-handed in under 1 hour. Immediate life- 
supporting function can be tested by orthotopic grafting or by 
heterotopic grafting in a functionally hepatectomized recipient. 
Heterotopic grafting can also be used to assess delayed return 
of function days or weeks after transplantation. 


LEE S., CHARTERS S. C., CHANDLER J. G. et al. (1973) Prolonged 
survival after orthotopic liver transplantation in inbred 
rats. Surg. Forum 24, 381-383. 

LEE S., CHARTERS A. C. and ORLOFF M. J. (1975) Simplified tech- 
nique for orthotopic liver transplantation in the rat. Am. 
J. Surg. 130, 38-40. 

LEE $. and EDGINGTON I. S$. (1966) Auxiliary rat liver trans- 
plantation. Surg. Forum 17, 220. 
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12. Intravenous glucose, amino acids and fat in the postopera- 
tive period: a controlled evaluation of each substrate 

R. P. CRAIG, HAZEL A. DAVIDSON, D. E. F. TWEEDLE and I, D. A. 
JOHNSTON, Department of Surgery, University of Newcastle 
upon Tyne 


The relative efficacy of intravenous glucose, amino acids and 
fat as protectors of lean body mass after injury is contro- 
versial. It is postulated that amino acids alone stimulate 
ketone body production and reduce insulin levels. Endo- 
genous metabolic energy sources are preferable to glucose 
infusion (Blackburn et al., 1973.) 

Balance studies were performed in four homogeneous groups 
of male patients on the day of vagotomy and pyloroplasty 
and on the subsequent 3 days. All the groups received an 
identical fluid and electrolyte intravenous intake, but 2-5 MJ 
of either glucose (Group G), crystalline amino acids (Group 
AA) or soya-bean emulsion (Group F) were given to the 
three treatment groups. 


Group Group Group Group 
Cc G A F 
No. of patients 5 6 6 6 
x gN kg body -0-189 -0127 —0-044 -0172 
weight d~? +001 +0-01 +001 -0-02 
Plasma glucose 60 5:7 6l $6 
mmol/l preop. +014 +014 +028 +016 
Nadir on a post- 4:7 5-2 a. 4-8 
op. day +.Q-32 ~-Q-14 4-0-13 -+022 
Plasma IRI} 72 107 8-2 9-3 
uu/ml preop. +2-0 4-26 +30 -+12 
Nadir on a post- 46 2-4 6°8 5-9 
op. day +10 -+30 +22 l4 
Total ketones 0-069 0-089 0-033 0-083 
mmol/ipreap. -+003 + 003 +0003 +002 
Zenith on a post- 0-691 0-192 0-205 0-508 
op. day +0-32 +0-02 +0-044 +O14 


* Control group. 
+ IRI, Immunoreactive insulin. 
Results given as mean--1 s.e.m. 


These results indicate that glucose has a nitrogen-sparing 
effect after operation. Isocaloric amounts of amino acids were 
more effective than glucose alone. Measurement of urinary 
urea indicated that the amino acids were being utilized. Fat 
infusion produced no nitrogen-sparing during this study when 
compared with controls. 


Insulin and blood ketone levels were similar in the glucose- 
and amino-acid-fed groups and there was significant keton- 
aemia ‘in the control and fat-fed groups. 

These results indicate that the large amounts of amino 
acids infused (148 g) are converted to glucose. There is no 
evidence that amino acids alone have any metabolic advan- 
tage over glucose in postoperative patients. 


BLACKBURN G. L., FLATT J. P., CLOWES G. H. A. et al. (1973) 
Peripheral intravenous feeding with isotonic amino acid 
solutions. Am. J. Surg. 125, 447-454. 


13. Influence of cholecystokinin on pyloric reflux after opera- 
tion for gallstones and peptic ulcer 

A. FLEURY, VALERIE POXON, N. J. DORRICOTT, M. R. B. KEIGHLEY 
and J. ALEXANDER-WILLIAMS, The General Hospital, Birmingham 


Cholecystokinin (CCK) usually stimulates pyloric contrac- 
tion and therefore prevents pyloric reflux, but an abnormal 
response to CCK. has been demonstrated in patients with 
dyspepsia (Johnson, 1975). 

We have investigated the influence of an i.v. infusion of 
1 u/kg body weight of CCK on pyloric function in 28 patients 
studied 10-14 days after operation at a time when they were 
fully ambulant and taking a normal diet. Gastric aspirates 
were collected for 2 hours while perfusing normal saline 
labelled with phenol red into the duodenum. There were 12 
patients who had been treated by proximal gastric vagotomy 
(PGV) for duodenal ulcer or gastric ulcer and 11 patients 
who had had a cholecystectomy with T-tube drainage. 

Under basal conditions, none of the patients with a gastric 
ulcer treated by PGY had evidence of pyloric reflux. By 
contrast, reflux was observed in 7 of 12 patients with a duo- 
denal ulcer after PGV (58 per cent) and in 7 of 11 patients 
after cholecystectomy (64 per cent). Administration of CCK 
was associated with increased reflux in 6 patients (50 per 
cent) treated by PGV for duodenal ulcer. After cholecyst- 
ectomy CCK reduced reflux in 4 patients (36 per cent) but 
increased reflux in 1 (9 per cent). Whereas none of the patients 
treated by PGV for gastric ulcer had reflux even after CCK. 

These results suggest that there is an abnormal response by 
the pylorus to exogenous CCK, particularly after PGV for 
duodenal ulcer. 


JOHNSON A. G. (1975) Cholecystectomy and gallstone dys- 
pepsia. Ann. R. Coll. Surg. Engl. 56, 69-80. 


14, Early results from the cytochemical section bioassay for 
gastrin 

R. W. HOILE and N. LOVERIDGE (A. G. JOHNSON), Department 
of Surgery, Charing Cross Hospital, and Division of Cel. 
Biology, Kennedy Institute, London 


Studies of the bioactivity of gastrin are desirable in the light 
of the differing biological potencies of the various molecular 
forms. The lack of a sensitive assay has hindered such studies. 
However, a precise, reproducible and highly sensitive cyto- 
chemical bioassay for gastrin, based on the hormone-induced 
response of carbonic anhydrase in parietal cells, has now 
been developed (Hoile and Loveridge, 1977). 

CCK. could interfere with the system, causing a loss of 
parallelism between the calibration graph and the best sub- 
stance, but this effect has not been observed in the plasmas 
measured. Secretin produces a detectable inhibition of the 
response when the molar ratio to gastrin rises above 10: 1. 

Early results show that the mean fasting plasma gastrin (19 
samples from 11 normals) is 12-5+6-1 pg/ml (mean +s.d.). 

In response to an Oxo meal, two normal subjects showed 
a rapid rise in gastrin levels followed by an equally rapid 
return to normal. 


Gastrin levels (pg/1 x 107°) 


Subject Fasting After ingestion of Oxo (min) 
5 10 15 20 

A 9-6 and 6:1 180 95-5 213 5-6 

B 18-6 and 9-3 289 239 175 22-3 


Thus, using the cytochemical bioassay, biological activity 
of circulating gastrin in the fasting state appears to be lower, 
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and the response to a stimulus more rapid than results from 

radio-immunoassay. 

HOILE R. W. and LOVERIDGE N. (1977) Preliminary studies on a 
cytochemical section bioassay for gastrin. J. Endocrinol. 
In the press. 


15. Anterior pituitary recovery after cardiopulmonary bypass 
K. M. TAYLOR, GILLIAN $. WRIGHT, W. F. BREMNER, G., H. BEASTALL, 
W. H. BAIN and P. K. CAVES, University Department of Cardiac 
Surgery, Royal Infirmary, Glasgow, and Radioimmunoassay 
Unit, Stobhill General Hospital, Glasgow 


We have reported the occurrence of adrenocortical hypo- 
function and a progressive reduction in plasma ACTH levels 
during extracorporeal circulation (ECC) (Taylor et al., 1976). 
The hypothesis was put forward that these changes could be 
explained by anterior pituitary hypofunction. Synthetic thyro- 
trophin-releasing hormone (TRH) stimulates anterior pituitary 
secretion of thyroid-stimulating hormone (TSH). A normal 
TRH response is defined as a rise in plasma TSH at 20 minutes 
post-TRH of 45-15 mu/l (Weeke, 1974). TRH tests have 
been used to study anterior pituitary secretion during and 
after ECC, Patients were grouped as follows: 

Control group (6): 400 ug TRH given midway through 
closed mitral valvotomy. 

Group A (8): 400 ug TRH given midway through ECC. 

Group B (6): 400 ug TRH given 30 minutes post-ECC. 

Group C (6): 400 ug TRH given 60 minutes post-ECC. 

In group A the TRH response pattern was subnormal 
(mean change in TSH, 191-063 (s.e.m.) mu/I), in contrast 
to the normal responses seen in the control group (mean 
change TSH, 4-72-+.1-41 mu/l, P<0-01). TRH response patterns 
in groups B and C were within the normal range (mean 
change in TSH, 7254-2-17 and 1225+48 mu/I, respectively, 
not significant}. 

These results support the hypothesis that anterior pituitary 
function is markedly depressed during non-pulsatile ECC. 
In the majority of patients, functional recovery occurs at 
30 minutes post-ECC. The significance of individual TRH 
response patterns in relation to the management of ECC 
and postoperative patient care will be discussed. 


TAYLOR K. M., BREMNER W. F., GRAY C. E. et al. (1976) Anterior 
pituitary function during cardiopulmonary bypass. Br. J. 
Surg. 63, 161. 

WEEKE J. (1974) Thyrotrophin response to TRH in normal 
subjects. Eur. J. Clin. Invest. 4, 29. 


16. Serum myelin basic protein levels after head injury 

D. G, T. THOMAS, J. W. PALFREYMAN and J. G. RATCLIFFE, Depart- 
ment of Neurosurgery, Southern General Hospital, Glasgow, 
and Radioimmunoassay Unit, Stobhill General Hospital, Glasgow 


The diagnosis and prognosis of head-injured patients shortly 
after the event are difficult because the extent of brain damage 
is not evident initially. We have tested the hypothesis that 
brain damage might be associated with the release of myelin 
basic protein (a major component of white matter in brain) 
into the circulation and that measurement of serum basic 
protein levels may be valuable in assessment of patients with 
head injury. 

A radio-immunoassay for human myelin basic protein has 
been developed which is suitable for quantifying levels in 
unextracted serum. Within-assay precision was 4'2 per cent 
(coefficient of variation); between-assay precision over a 
range of serum levels from 20 to 100 ng/ml was 10-8 per cent 
(coefficient of variation). Serial studies of serum levels were 
made in 32 head-injured patients. The maximum levels (120- 
200 ng/ml) were found in the first 3 days after injury in those 
with severe primary brain damage, with a second smaller peak 
at 7-10 days. Preliminary analysis indicates that the patients 
with primary brain damage who die attain high serum levels 
most rapidly and those recovering with permanent disability 
reach maximum levels earlier than those with good recovery. 


17. Release of motilin in the pig 

I. M. MODLIN, P. MITZNEGG, S. R. BLOOM and J, POLAK (R. B. 
WELBOURN), Royal Postgraduate Medical School, Hammer- 
smith Hospital, London 
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We have found by radio-immunoassay that the duodenum 
and upper jejunum contain the highest concentrations of 
motilin and by immunohistochemistry that it is present in 
the EC cells of many species including man. Motilin may 
play a physiological role, since both acidification and fat 
infusion of the duodenum produce a rapid increase of blood 
motilin levels, whilst intravenous infusion of 13-norleucine 
decreases gastric emptying and increases pepsin in secretion 
(Ruppin et al., 1975; Mitznegg et al., 1976). 

In 6 anaesthetized pigs with portal venous and peripheral 
arterial cannulas, perfusion of 30-cm lengths of proximal 
small intestine for 70 minutes with 0-1-m hydrochloric acid 
increased the plasma motilin concentration to a mean peak 
of 111:2+.9-4 (s.e.m.) pmol/l in the portal blood and 98-+-8-6 
pmol/l in the peripheral blood. When the intestinal vascular 
pedicles were clamped the mean portal level fell to 41-£4-8 
pmol/l and the peripheral to 38-50 pmol/l. Unclamping 
produced peaks of 191-23 pmol/l in the portal blood and 
180-20 pmol/l in the peripheral blood. Calculation of the 
T} gave a value of 3-9+0:2 minutes, very similar to that of 
motilin in man. 

We conclude that, in the pig, acid infusion of the upper 
small intestine releases motilin not only in amounts similar 
to those in man, but also with a closely comparable T4. The 
fact that vascular isolation of the stimulated segment pro- 
duces a fall in levels indicates that the motilin release is a 
local phenomenon and strongly suggests a physiological role. 


MITZNEGG P., BLOOM S. R., DOMSCHKE E. et al. (1976) Release 
of motilin after duodenal acidification. Lancet 1, 888-889. 

RUPPIN H., DOMSCHKE S., DOMSCHKE W. et al. (1975) Effect of 
13-Nic-motilin in man—#inhibition of gastric evacuation 
and stimulation of pepsin secretion. Scand. J. Gastro- 
enteral, 10, 199-202. 


18. Dihydroergotamine in the prevention of postoperative deep 
venous thrombosis 

J. D. STAMATAKIS, S, SAGAR, D. LAWRENCE and V. V. KAKKAR, 
Thrombosis Research Unit, Department of Surgery, King’s 
College Hospital Medical School, London 


It is generally accepted that both venous stasis and changes 
in blood coagulability play an important role in the patho- 
genesis of deep vein thrombosis. The best results may there- 
fore be obtained when methods are used not only to prevent 
stasis but also to counteract altered blood coagulability. 
Dihydroergotamine (DHE) has been claimed to have a potent 
venoconstrictor effect on capacitance vessels without altering 
the arterial inflow, the net result being an increase in velocity 
in the major veins of the lower limb (Mellander and Norden- 
felt, 1970). Low doses of heparin administered subcutaneously 
have been shown to be highly effective in preventing post- 
operative venous thrombo-embolism. 

In this prospective randomized controlled trial 200 patients 
were investigated; the ™I-fibrinogen uptake test and veno- 
graphy were used to detect the presence of deep vein throm- 
bosis and the results were as follows: 


Group I: Major abdominal surgery—-100 patients 


No. of Deep vein 
Regimen used patients thrombosis 
DHE 0-5 mg s.c., b.d. 25 4 (16%) 
Heparin 5000 units s.c., t.d.s. 25 1 (4%) 
DHE 05 sc., t.d.s.-+heparin 25 1 (4%) 
2500 units s.c., t.dis. 
Heparin 5000 units s.c., t.d.s. 25 1 (4%) 
Group II: Total hip replacement—100 patients 
No. of Deep vein 
Regimen used patients thrombosis 
Heparin 5000 units s.c., 50 26 (53%) 
t.dus. 
DHE 0-5 mgs.c.,t.dis.+ 50 9 (18%) P<0-001 


heparin 5000 units s.c., 


t.d.s. 
EN N EE E E Ne 


it is concluded that a combination of DHE and tow dose 
heparin is more effective than heparin alone. 


+ 
MELLANDER S. and NORDENFELT 1. (1970) Comparative effects 
of dihydroergotamine and noradrenaline on resistance: 
exchange and capacitance functions in the peripheral 
circulation. Clin. Sci. 39, 183-201. 


19. Successful intrasplenic transplantation of syngeneic and 
allogeneic isolated pancreatic islets in the treatment of experi- 
mental diabetes 

D. R. A. FINCH, P. H. WISE and P. L. MORRIS, Nuffield Department 
of Surgery, University of Oxford, Radcliffe Infirmary, Oxford 


Of the many techniques so far evaluated for the transplanta- 
tion of pancreatic islet tissue in experimental diabetes, only 
the intraportal method (Kemp et al., 1973) has proved con- 
sistently capable of achieving long term restoration of normo- 
glycaemia. However, this site may not be suitable for clinical 
use because of local complications (Finch et al., 1976). We 
have thus evaluated the splenic pulp as an alternative site. 

Rat islets harvested by the collagenase digestion/Ficoll 
separation technique were injected into the splenic pulp in 9 
syngeneic (Wag-Wag) and 13 allogeneic ([DA x Lewis] Fy- 
Lewis) experiments. Normal serum glucose levels and 24-hour 
urine volumes were restored in all 9 syngeneic recipients and 
in 11 of 13 allogeneic recipients in a mean of 3-3 days. 

In syngeneic recipients, normal values have persisted and 
the animals have remained in a normal state of health for the 
current period of observation (100 days). In 5 untreated allo- 
geneic recipients, rejection occurred in a mean of 45:2 days. 
The administration of a short course of ALS (1 ml i.p. days —1, 
1, 3, 5) greatly prolonged graft survival with all animals re- 
maining normoglycaemic for at least 4 weeks. These results 
were not significantly different from those recorded in com- 
parable groups of intraportal recipients. 


FINCH D. R. A. VANHEGAN R. I. and MORRIS P. J. (1976) Un- 
published data. 

KEMP C. B., KNIGHT M. J., SCHARP D. W. et al. (1973) Effect of 
transplantation site on the results of pancreatic islet 
isografts in diabetic rats. Diabetalogia 9, 486-491. 


20. Free water clearance for early diagnosis of acute renal 
insufficiency following cardiac surgery 

K. HOLPER and E. STRUCK, Clinic for Cardiovascular Surgery, 
German Heart Center, Munich 


Established postoperative renal failure is difficult to treat and 
bears a high mortality rate. Chances of recovery may increase, 
the earlier renal insufficiency can be detected, specific therapy 
instituted and potentially nephrotoxic drugs be avoided (Baek 
et al., 1975). 

Renal function was studied in 87 patients after open heart 
surgery. Thirty-five patients showed signs of renal insufficiency, 
of whom 6 patients subsequently had to be haemodialysed. 
On the basis of serum urea and creatinine concentrations and 
urine output it was impossible to detect these 6 patients 
before the third postoperative day. In contrast, early altera- 
tions of the free water clearance (FWC) clearly identified 
these 6 patients and an additional 4 patients (group ID as 
having lost renal concentrating capacity. While in group I, 
FWC was still comparable to that of postoperative patients 
with normal kidney function (control), FWC in group H 
was significantly less negative at the first day and near zero 
(—6+2 ml/h) on the second postoperative day. 


Creati- 
No. of Urea* nine* Urine FWCt 
patients mmol/l umol/l output mi/h 
Control 52 8106 116-5 Normal —934-6 
Group I 25 13-8404 15246 Normal —77+49t 
Group H 10 13-5+4:1-2 2084-18 Normal —244-9ł 


* Measured on second postoperative day. 
t Measured on first postoperative day. 

t P<0-001. 

Results given as mean-¢s.e.m. 


It seems that in patients with ultimate evidence of renal 
dysfunction, FWC identifies impending renal failure earlier 
and dfstinguishes it from more transient elevations of serum 
urea and creatinine concentrations. 


BAEK S., MAKABALI G, G., BROWN R. S. et al. (1975) Free-water 
clearance patterns as predictors and therapeutic guides in 
acute renal failure. Surgery 77, 632-640. 


21. Treatment of tumours in mice assessed by reduction in 
numbers of lung nodules 

SARAH PRITCHARD-THOMAS and M. O. SYMES (D. JOHNSTON), 
- University Department of Surgery, Bristol Royal Infirmary 


Sensitized pig lymphocytes have been shown to inhibit the 
growth of human bladder carcinoma (Symes et al., 1973). 

To test the efficacy of sensitized cells, compared with that 
of non-sensitized cells, and to investigate how they work, the 
following experiments were performed. Pulmonary metas- 
tases were induced in A strain mice by i.v. injection of 1 x 10° 
mammary carcinoma cells. The same tumour was implanted 
into pockets in the ileal mesentery of pigs and 7 days later 
sensitized cells (SCs) were harvested from the draining lymph 
nodes. Non-sensitized cells (NSCs) were obtained from ‘dis- 
connected’ portions of the same lymph node chain. 

Addition of SCs to tumour cells in ratios of 10:1 and 
60:1 before injection significantly reduced the number of 
metastases, whereas NSCs were ineffective. Treatment of mice 


with either cell type 7 days after injection of tumour was in- © 


effective. Splenectomy also reduces the number of metastases. 


Treatment Control 
groups of groups of 
mice mice Treatment v. control* 
T+SCs-+splen. T P<0-01 
T+SCs+splen. T-+-SCs P<0-02 
T+S8Cs-+splen. T4+NSCs-+-splen. P<0-02 


T, iv. tumour cells; splen., splenectomy. 
* Significance of difference in number of pulmonary metastases. 


Pig lymph node cells stimulated by implantation of human 
bladder or colonic carcinoma also reduced the number of 
lung nodules (P<0-05), but cells raised against mouse skin 
were ineffective. 

Specifically sensitized cells are thus necessary for an anti- 
tumour effect. 


SYMES M. O., RIDDELL A. G., FENELEY R, C. L. et al. (1973) The 
treatment of advanced bladder cancer with sensitized pig 
lymphocytes. Br. J. Cancer 28, Suppl. 1, 276-284. 


22. Antiseptic lavage in experimental peritonitis 

O. J. A. GILMORE, CLARE REID, ELIZABETH HOUANG and ELIZA- 
BETH SHAW (G. W. TAYLOR) Surgical Professorial Unit, St Bar- 
tholomew's Hospital, London 


General peritonitis carries considerable mortality, principally 
because of the absorption of Gram-negative bacteria and their 
endotoxins. Intraperitoneal antibiotics may cause adhesions 
(Schatten, 1956), respiratory arrest or death (Hartshorn, 1971). 
The efficacy of two antiseptics—noxytiolin and povidone- 
iodine was therefore assessed in guinea-pigs, mice and rats 
with Gram-negative peritonitis. 

Dunkin-Hartley guinea-pigs (180-280 g) injected with vary- 
ing concentrations of bacteria were found to be unreliable for 
the study of peritonitis. Laparotomy introduced an unknown 
variable through loss of peritoneal fluid, which in turn prob- 
ably reduced mortality. 

Theiller original mice (20-25 g) injected with 0-15 ml Escheri- 
chia coli 0141, 107 organisms/ml, gave a reliable experimental 
model. A randomized controlled study was undertaken using 
this model. Intraperitoneal injection of 0-2 ml of povidone- 
iodine (0075 per cent available iodine) 1 minute after the 
induction of peritonitis gave a significant reduction in mor- 
tality (P<0-01), but noxytiolin (0-2 ml of a 1 per cent solution) 
was ineffective. 

Wistar rats (200-250 g) injected with 9 ml/kg body weight 
E. coli 0111, 10° organisms/ml, in 3-1 per cent haemoglobin 
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also gave a reliable experimental model, and a controlled 
study was undertaken. Intraperitoneal injection of 7:5 mi/kg 
body weight povidone-iodine (0-1 per cent available iodine) 
gave a significant reduction in mortality (P<0-01). Noxy- 
tiolin (7-5 ml/kg body weight of a 1 per cent solution) was 
again ineffective. 


Mice Rats 
Signifi- Signifi- 
Total Deaths cance Total Deaths cance 
Control 60 42 _ 50 14 — 
Noxytiolin 60 35 ns. 50 14 n.s. 
Povidone- 60 233 P<0-01 50 2 Pp<0ol 


iodine 





HARTSHORN E. A. (1971) Drug interactions HI, Central nervous 
system drugs—anaesthetics. Drug Intell. Clin. Pharm. 5, 
202-206. 

SCHATTEN W. E. (1956) Interperitoneal antibiotics in treatment 
of acute peritonitis. Surg. Gynecol. Obstet. 102, 339-346. 


23. The value of Doppler velocity tracings in femoropopliteal 
arterial disease 

N. ANGELIDES, A. N. NICOLAIDES, J. FERNANDEZ, ROSEMARY 
BOWERS and LOUISE GRAY, Vascular Laboratory and Academic 
Surgical Unit, St Mary’s Hospital, London 


Velocity tracings obtained from the common femoral and 
posterior tibial arteries using directional Doppler ultrasound 
(Parks 806) have been evaluated in 126 patients (238 limbs) 
as to their ability to determine the severity of femoropopliteal 
disease. Arteriography was used as the objective arbiter of 
the state of the vessels. 

The resistance factor (RF) was calculated for every limb 
and was defined as 


where A and A’ were respectively the peak-to-peak heights of 
the common femoral and the posterior tibial tracings while 
R and R’ were the mean heights from the baseline. RF was 
not affected by aorto-iliac disease. The limbs were graded into 
four groups according to the arteriographic appearance of 
the femoropopliteal segment: 0, normal (57 limbs); 1, super- 
ficial femoral artery stenosis (73 limbs); 2, superficial femoral 
occlusion (75 limbs); 3, multiple occlusions (33 limbs). 

The range of RF values for each group was such (group 0, 
0:21-1:20: group 1, 1:06-1:89; group 2, 1-96-3-85; group 3, 
3:95-7:30) that there was no overlap between the groups 
except in a small area (RF =1-06-1-20) which involved 22 
limbs (9-2 per cent). 

RF is a good preliminary indicator of the degree of femoro- 
popliteal disease. 


24. Have prostaglandins a role in the control of secretion in 
the stomach? 

R. BAKER, B. M. JAFFE, L. A. LABIB, J. D. REED, B. SHAW and 
C. W. VENABLES, Departments of Surgery and Physiology, 
University of Newcastle upon Tyne, and Washington University, 
St Louis, Missouri 


The inhibitory action of prostaglandin E, (PGE,) on gastric 
secretion stimulated by increasing doses of pentagastrin (1- 
16 ug kg? h~?) and histamine acid phosphate (50-375 ug ke? 
h-} was investigated in 6 conscious cats, Increasing dosage of 
PGE, produced progressive reduction of the acid and pepsin 
secreted. At any dose of PGE, the inhibition of acid secretion 
stimulated by either pentagastrin or histamine acid phosphate 
was comparable. Vagotomized animals responded in a similar 
manner to those with their vagi intact. The effect of PGE, on 
pepsin output was always much greater than that on acid, 
an observation confirmed by the fact that pepsin concentration 
was significantly reduced. 

During pentagastrin stimulation (8 ug kg h-?) plasma 
PGE and PGF measured by radio-immunoassay (Jaffe et al., 
1973) were significantly reduced compared with pre-stimula- 
tion levels (P =-0-001 and P =0.018 respectively). Gastric juice 
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PGE and PGF directly correlated with H* output (r =07771, 
P=0001, and r=07692, P=0-001, respectively). There was 
no correlation with pepsin secretion. 

The parallel displacement of the log dose-acid response 
curves suggests a competitive type of inhibition; thus PGE, 
may act on a single receptor. Pepsin inhibition may well be 
non-competitive and certainly shows greater sensitivity. These 
results suggest that prostaglandins may be involved in the 
control of H* secretion, but their relationship with pepsin 
secretion is unclear. 


JAFFE B. M., BEHRMAN H. R. and PARKER €. w., (1973) Radio- 
immunoassay measurement of prostaglandins E, A and 
F in human plasma. J. Clin. Invest. 52, 398—405, 


25. Enuresis, dilatation of the upper urinary tract and high 
pressure bladder filling in patients with chronic retention of 
urine 

P. H. ABRAMS and M. DUNN (D. JOHNSTON), Department of 
Surgery, University of Bristol, and Ham Green Hospital, Bristol 


A group of 28 male patients with chronic retention of urine 
was investigated by means of excretion urography and by 
urodynamic studies. 

Excretion urography showed that 13 of the 28 had dilatation 
of the upper urinary tract, while 15 had normal upper urinary 
tracts. 

The urodynamic studies consisted of inflow cystometry and 
pressure—flow studies of micturition. Analysis of the patterns 
of micturition indicated that all 28 patients had obstruction 
to bladder outflow. The cystometrograms were found to be 
of two types: in one, bladder filling resulted in only a small 
increase in pressure of 25 cm H,O/kg (low pressure filling): 
in the other, bladder pressure rose by more than 40 cm H,O 
(high pressure filling). Eighteen patients showed low pressure 
filling and 10 patients high pressure filling, 

The findings on excretion urography were found to cor- 
relate well with the urodynamic results. Thus, each of the 
10 patients who had high pressure filling on cystometrography 
was found to have bilateral hydro-ureter and hydronephrosis 
(P<0-01), and 7 of the 10 admitted to having enuresis of 
recent onset. In contrast, in the low pressure filling group 
only 3 of 18 patients had evidence of upper urinary tract 
dilatation and none was enuretic. 

These significant associations between enuresis, dilatation 
of the upper urinary tract and high pressure bladder filling 
in patients with chronic retention of urine do not seem to 
have been described previously. 


26. The bile acid binding properties of antacids in vivo 
A. SALI, W. R. MURRAY, ANN BLACKWOOD and C. MACKAY, 
University Department of Surgery, Western Infirmary, Glasgow 


Aluminium hydroxide (Aludrox), which has been used in the 
treatment of peptic ulceration for many years, produces 
constipation as one of its main side-effects. The reason for 
this astringent action has not been fully elucidated in man. 
Recent in vitro studies (Clain et al., 1976) have shown that 
aluminium hydroxide has bile acid binding properties com- 
parable to cholestyramine, whereas magnesium hydroxide 
which does not constipate has no significant binding properties. 

Seven patients with peptic ulcer disease were given sympto- 
matic treatment with aluminium hydroxide and magnesium 
hydroxide, each preparation being given alone for 6 days 
with faecal collections on the fifth and sixth day. Bile acid 
binding was estimated by measuring bile acid concentration 
of freeze-dried faeces. Aluminium hydroxide when compared 
with magnesium hydroxide produced a significant increase 
(P<0-01) in bile acid concentration. In each patient, alumi- 
nium hydroxide increased faecal bile acid binding. 

These findings would explain the astringent action of 
aluminium hydroxide. Its bile salt binding properties should 
provide it with additional therapeutic uses similar to chole- 
styramine. Aluminium hydroxide would have the advantages 
of being more palatable and much less expensive. 


CLAIN J, MALAGELADA R., CHADWICK V, and HOFFMANN A. E 
(1976) Bile acid binding properties of antacids: an in 
vitro study. Gastroenterology 70, 871. 


27. The mode of action of immunosuppressive agents: effect on 
lymphocyte dynamics 

CHRISTINE M. EVANS, R. W. BLAMEY, C. W. ELSTON, J. W. WRIGHT 
and R. WALKER, Department of Surgery, University of Notting- 
ham 


The flow of tymphocytes from allografted kidneys in sheep 
has been studied by the method of Pederson and Morris (1970). 
A great increase in the lymphocyte flow from the rejecting 
kidney was seen from the second to fourth post-transplant days. 
The presence of rejection was confirmed by serial biopsy. 
Animals were placed on immunosuppressive regimens, 
either azathioprine plus prednisolone or azathioprine alone. 


Total drainage of 
lymphocytes (x 10°) 


Sheep No. over 5 days 
Allograft 3 12-23-43 
Allograft plus azathioprine 3 341417 
and prednisolone 
Allograft plus prednisolone 3 6342S 


The great increase in lymphocyte flow from the kidney 
accompanying rejection is seen to be diminished by immuno- 
suppression with azathioprine plus prednisolone, and less so 
by prednisolone alone. That the therapeutic regimen abro- 
gated rejection was confirmed by histology. 

It has previously been shown (Evans et al., 1976) that 
change in lymphocyte flow caused by rejection or suppression 
is not a generalized whole body change, but is specific to the 
kidney. 


EVANS C, BLAMEY R. W. and BLECHER T. (1976) Lymphocyte 
capacity and lymphoblast circulation in immune stimu- 
lation and immunosuppression. Br. J. Surg. 63, 153. 

PEDERSON N. €C, and MORRIS B. (1970) The role of the lymphatic 
system in the rejection of homografts. A study of lymph 
from renal transplants. J. Exp. Med. 131, 936-969. 


28. Does cholecystokinin inhibit gastric emptying in man? 

M. MEVES and H. G. BEGER, Departments of Radiology and 
Surgery, Klinikum Charlottenburg, Freie Universitdt Berlin, 
West Germany 


Evidence exists that in the dog the slowing of gastric emptying 
is a physiological action of CCK-PZ (Debas et al., 1975). 
The following measurements were designed to elucidate the 
effect of a continuous infusion (75 or 37-5Ivy dog units 
[IDU]/20 min, i.e. between 95 and 295 ng kg body weight 
min~}, of GIP-free 20 per cent GIH-CCK-PZ on gastric empty- 
ing in 20 healthy volunteers. Gastric emptying was continu- 
ously monitored using a radiolabelled test meal and external 
scintillation detectors (Meves et al., 1975). The velocity of 
emptying before and during the infusion of the hormone was 
compared and the resulting difference represented the action 
of the hormone. In addition, the results were compared to a 
group of 10 volunteers without hormone infusion. 


Percentage alteration of gastric 


emptying 
CCK-PZ-infusion Median Minimum Maximum Sign test 
75 IDU/20 min 13 6 42 Z P005 
(n=10) 
37-5 IDU/20 min. 7 —4 22 2 P<0-05 
(n=10) 
Control* (n=10)  -—-0°5 2 4 


* Difference between CCK-PZ-group and control group: 2 P< 
0-001 (Wilcoxon test). 


There is a significant slowing effect of CCK-PZ on gastric 
emptying, similar to that observed during the infusion of hog 
gastrin, secretin and glucagon (Meves et al., 1975). This sup- 
ports the assumption that duodenal inhibition of gastric 
emptying could be explained, at least to some degree, by re- 
lease of gastro-intestinal hormones. 


DEBAS H. T., FAROOQ O. and GROSSMAN M. L (1975) Inhibition 
of gastric emptying is a physiological action of chole- 
cystokinin. Gastroenterology 68, 1211-1217, 


MEVES M., BEGER H. G., HAUBOLD U. et al. (1975) The slowing 
of gastric emptying by intestinal hormones. Br. J. Surg. 
62, 154 (abstr.). 


29. The relationship between menopausal status and levels of 
nuclear oestrogen receptor in primary breast cancer 

D. C, SMITH, R. E. LEAKE, LINDA LAING and K. €. CALMAN, Divi- 
sion of Surgery, Victoria Infirmary, Glasgow, and University 
Department of Biochemistry and Clinical Oncology, Glasgow 


The likelihood of patients with metastatic breast carcinoma 
responding to endocrine therapy is thought to be improved 
in patients with significantly elevated levels of specific, high- 
affinity oestrogen receptor in the cytoplasmic fraction of a 
tumour biopsy (McGuire et al., 1975). We have measured the 
number of receptors in primary breast tumours. Unfilled 
receptor is normally found exclusively in the cytoplasm 
though the hormone-receptor complex exerts its physio- 
logical function in the nucleus. Hence, measurement of 
nuclear receptors may be a better guide to hormonal depend- 
ence. 

Samples of primary breast cancer from 30 pre- and 40 post- 
menopausal women were collected fresh from the operating 
theatre, and both nuclear and cytoplasmic receptor levels 
were measured by the method already described (Laing et al., 
1976). Levels of cytoplasmic receptor were significantly higher 
(P<0-005) in postmenopausal patients than in premenopausal 
patients, whereas the difference between the two groups is 
much less marked when assessed at the nuclear level (P< 0-2). 

Measurement of both cytoplasmic and nuclear values of 
oestrogen receptor may therefore improve the predictability 
of a response to hormone therapy. 


LAING L. M., SMITH D. C., CALMAN K, C. et al. (1976) Oestrogen- 
binding protein in plasma of breast cancer patients. 
Lancet 2, 745, 

MCGUIRE W, L., CARBONE P, P. and VOLLMER E. P. (ed.) (1975) 
Estrogen Receptors in Human Breast Cancer. New York, 
Raven. 


30. Effects of Corynebacterium parvum and cortisone 
acetate on the Lewis lung carcinoma and its metastases 

TESSA E. SADLER, P. D. E. JONES and J. E. CASTRO, Urological 
and Transplantation Unit, Royal Postgraduate Medical School, 
London 


A recent publication (Fisher et al., 1976) recommended that 
cortisone be given with Corynebacterium parvum to patients 
with early cancer, We have studied the effects of this combi- 
nation on subcutaneous growth of the primary Lewis lung 
carcinoma and its pulmonary metastases in C57 B1 mice. 

C. parvum was administered intravenously at the same time 
as tumour inoculation and cortisone acetate (CA) was given 
subcutaneously 4 and 11 days after the tumour. C. parvum 
or CA treatment alone inhibited primary tumour growth. 
However, the combined treatments were not additive. 

C. parvum treatment alone significantly inhibited metas- 
tases. By contrast, CA caused a large increase in their number. 
When the two treatments were given together an intermediate 
number of metastases, similar to that found in control saline- 
treated mice, was found. 

The phagocytic index, as determined by clearance of carbon 
from the blood (Biozzi et al., 1954) was studied in the treated 
mice. C. parvum significantly increased phagocytic activity 
whilst CA decreased it. An intermediate value was recorded 
from mice who received combined treatment. 

We have shown that CA had no effect on the anti-tumour 
action of C, parvum against primary Lewis carcinoma, but 
that it abrogated this vaccine’s inhibitory effect on metas- 
tases. Further studies are required before cortisone is given 
to patients receiving C. parvum treatment because of the 
risks of activating latent metastases. 


BIOZZI G., BENACERRAF B., STIFFEL C. et al. (1954) Etude quanti- 
tative de Vactiviié granulopexique de S.R.E. chez la 
souris. C. R. Soc. Biol. 148, 431-435. 

FISHER B., RUBIN H., SAFFER E. et al. (1976) Further observa- 
tions on the inhibition of tumour growth by C. parvum 
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with cyclophosphamide. II. Effect of cortisone acetate. 
J. Natl. Cancer Inst. 56, 571-574. 


31. The toxicity of intravenous Corynebacterium parvum 
in cancer patients 

P. G. GILL and P. J. MORRIS, Nuffield Department of Surgery, 
University of Oxford, Radcliffe Infirmary, Oxford 


Corynebacterium parvum is a potent immunostimulant which 
has been reported to be a safe material for use in human 
cancer therapy with only mild cardiovascular effects (Reed 
et al., 1975). Fifty-nine intravenous infusions of this agent 
have been given to 25 patients in Oxford at a dose of 5 mg/m?. 
The infusions were given 1 month apart. The side-effects are 
tabulated below. 


Effect No. of patients affected 

Fever (> 38 °C) 25 

Rigor 25 

Malaise 25 

Nausea 9 

Headache 3 

Herpes labialis 

Hypertension &* 
Hypotension (< 100 systolic) 14* 


* Out of 22 patients. 


The febrile response has been well documented (Reed et al., 
1975), but we did not observe a reduction in its intensity with 
repeated infusions although recovery from them was accelera- 
ted. As a result some patients who had received two courses 
were then treated on a day-case basis. 

These acute effects were not abrogated by conventional 
anti-emetics and analgesics of hydrocortisone. 

Herpes labialis occurred only in female patients and was 
closely related in time to each infusion. Hypotension was tran- 
sient and occurred during and immediately after the infusion. 
Hypotension developed suddenly 8-13 hours after adminis- 
tration, and lasted for 1-7 hours. In 7 patients the systolic 
pressure was 80 mmHg or less. It is suggested that all agents 
which may potentiate this hypotensive effect (e.g. opiates and 
the phenothiazine anti-emetics) are contraindicated during 
C. parvum administration. 


REED R. C., GUTTERMAN J., MAVLIGIT G. et al. (1975). In: HALPERN 
B. (ed.) Corynebacterium parvum. New York, Plenum. 


32. An experimental study of intra-operative antibiotic peri- 
toneal lavage in peritonitis 

D. J. STEWART and N. A. MATHESON, Department of Surgery, 
University of Aberdeen 


A reliable method of inducing severe peritonitis in the rat was 
established by intraperitoneal injection of 3-5 times the pre- 
determined LD,, of preserved rat faecal suspension. Lapar- 
otomy was performed 1 hour later. Antibiotics were selected 
from aerobic and anaerobic culture of peritoneal exudate and 
sensitivity tests in similar untreated animals. 

Intra-operative peritoneal lavage using normal saline with 
and without antibiotic was compared with peritoneal toilet 
with and without systemic antibiotic and with peritoneal toilet 
and topical antibiotic powder in 144 rats. 

In two groups of 16 and 23 animals treated with saline 
lavage with antibiotic the survival rate was 81 per cent and 
96 per cent compared with 19 per cent in 16 animals after 
peritoneal toilet with systemic antibiotic and 0 per cent in 
24 animals after peritoneal toilet without systemic antibiotic. 
After lavage with saline alone the survival rate was 46 per 
cent in 24 animals. After peritoneal toilet and topical anti- 
biotic powder the survival rate was 63 per cent in 24 animals. 

Survival rates after saline lavage with antibiotic were signi- 
ficantly different from those in all other treatment groups. 
Improved survival after saline lavage with antibiotic was 
shown to be dependent both on the saline lavage and on the 
antibiotic in the lavage solution. 

Comparable results were not obtained after lavage with 
noxytiolin or povidone-iodine. 
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33. Foot volumetry-—a technique for functional assessment of 
the venous system of the leg 

D. A. LAWRENCE and V. V. KAKKAR, Thrombosis Research Unit, 
Department of Surgery, King’s College Hospital Medical School, 
London 


Venous pressure manometry is the standard method for the 
functional assessment of the venous system of the lower leg. 
Foot volumetry is a non-invasive, open-water plethysmo- 
graphic technique, which allows continuous assessment of 
the foot volume at rest and during exercise (Norgren et al., 
1974). Reduction of foot volume during standard exercise is 
used to evaluate the efficiency of the calf muscle pump. The 
rate at which volume restitution occurs gives a measure of 
the competence of the deep venous system. We have com- 
pared the two methods of functional assessment. On the basis 
of clinical examination and ascending functional phlebo- 
graphy, 52 patients were divided into three groups: group I, 
normal; group H, superficial varicosities with or without deep 
venous incompetence; group HI, severe deep venous incom- 
petence. 

For analytical purposes, volume reduction is expressed as 
a ratio of resting foot volume (EVR), and the rate of volume 
restitution as a quotient (Q/EVR). Student's f-test and co- 
efficients of correlation were used for statistical analysis. 
Differentiation between the groups was more precise using 
foot volumetry, where three variables were significantly 
different (P<0-01-0-001). Only one variable was significantly 
different using venous pressure manometry (P <0-02, r==0-7). 

We conclude that foot volumetry is a reliable non-invasive 
technique for the accurate assessment of the venous system 
of the leg, and allows a clearer differentiation between patients 
than does venous pressure measurement. 


NORGREN L., THULESIUS O., GJORES J. E, et al. (1974) Foot volu- 
metry and simultaneous venous pressure measurements 
for evaluation of venous insufficiency. J. Vasc. Dis. 3, 
140-145. 


34. Which is the best test of completeness of vagotomy—the 
Burge, the Grassi or the insulin test? 

B. A. SHOREY, CAROLINE OWENS, P. DAVIES, R. N. BAIRD, B. G. 
CLENDINNEN, W. K. ELTRINGHAM and D. JOHNSTON, Division of 
Surgery, Bristol Royal Infirmary, Bristol 


Incomplete vagotomy is the commonest cause of recurrent 
ulceration. It would be better (for the patient) to detect it at 
operation by the Burge (Burge and Frohn, 1969) or Grassi 
(Grassi, 1971) test (BT, GT) than afterwards, by the insulin 
test (IT) (Hollander, 1948). 

These tests were compared in 25 patients undergoing 
vagotomy for duodenal ulcer. The surgeon carried out the 
vagotomy, then the BT followed by the GT (because penta- 
gastrin used in the GT could spoil the BT), but if a positive 
response was found, he made no attempt to complete the 
vagotomy. The IT was performed before and 1 week after 
operation. BAO and PAO (Pg) were also measured. 

The criteria for a positive test were those stated by its 
originator. One of the 25 ITs (4 per cent), 9 of 22 BTs (41 per 
cent) and 9 of 20 GTs (45 per cent) were positive. Half of the 
positive BTs were GT-negative: half of the positive GTs were 
BT-negative. Mean reductions in acid output were as great 
in BT-positive as in BT-negative patients; but PAO (Pg) fell 
by only 58 per cent in GT-positive patients, compared with 
76 per cent in GT-negative patients (difference not significant, 
perhaps due to small numbers). Reductions in PAO were 
95 +3 per cent (GT-positive) and 100 per cent (GT-negative). 

The results of the three tests showed poor correlation. The 
BT and GT were positive significantly more often than the 
IT. The BT was quicker than the GT and caused less contami- 
nation. The GT was superior to the BT in localizing acid- 
secreting mucosa and in demonstrating distally incomplete 
highly selective vagotomy. 


BURGE B. and FROHN M. J. N. (1969) The technique of bilateral 
selective vagotomy with the electrical stimulation test. 
Br. J. Surg. 56, 452-460. 

GRASSI G. (1971) A new test for complete nerve section during 
vagotomy. Br. J. Surg. 58, 187-189. 





HOLLANDER F. (1948) Laboratory procedures in the study of 
vagotomy (with particular reference to the insulin test). 
Gastroenterology 11, 419-425. 


35. The direct measurement of pyloric diameter at endoscopy 
and the response to exogenous cholecystokinin 

R. M. GANNAWAY, MARY HOARE and A. G. JOHNSON, Professorial 
Department of Surgery, Charing Cross Hospital Medical School, 
London 


The role of the pylorus in the pathogenesis of peptic ulceration 
remains the subject of much controversy (Winans, 1976). This 
paper presents a method for direct measurement of pyloric 
diameter and for assessment of sphincter tone. 

At endoscopy, under diazepam only, pyloric diameter is 
measured using a Fogarty catheter. Rings drawn around the 
proximal half of the balloon at intervals of 1 mm produce 
circles of differing diameters on inflation. The catheter is 
introduced via the biopsy channel of the endoscope and 
guided under direct vision through the pylorus. After infla- 
tion with a standard volume of air the balloon is retracted 
against the sphincter, between antral contractions, and the 
number of visible rings counted. 

The catheter, whose lumen is connected to a pressure trans- 
ducer and an ultraviolet recorder, is then withdrawn through 
the pylorus. The resulting pressure changes, if any, indicate 
the resistance to distension, or tone, of the sphincter. 

In a study of 17 patients, intravenous cholecystokinin 
(Boots and Karolinska 1 u/kg body weight), but not control 
saline, produced prompt and almost complete closure of the 
pylorus in normal subjects and in 4 with gastric ulcers. This 
does not agree with the findings of others (Fisher and Cohen, 
1973). Six patients with duodenal ulceration showed a similar 
but generally smaller minimal response. 


FISHER R. $. and COHEN s. (1973) Pyloric-sphincter dysfunction 
in patients with gastric ulcer. N. Engl. J. Med. 288, 273- 
276. 

WINANS C. $. (1976) The fickle pylorus (Editorial). Gastro- 
enterology 70, 622-623. 


36. The effect of hypercarbia-induced hypertension on ankle 
blood pressure in ischaemic limbs 

M. J. FOX, A. FRIPOLITIS, S. KIRBY and €C. W, JAMIESON, Vascular 
Surgical Unit, Royal Postgraduate Medical School, London 


Since the introduction of the Doppler ultrasound technique 
for the measurement of peripheral blood pressure (Strandness, 
1969), there has been controversy over the most suitable 
manner of presenting and comparing data. This had devolved 
essentially on whether the absolute pressure at the ankle or a 
brachial-related index of pressure provides the more repro- 
ducible assessment regardless of fluctuations in brachial blood 
pressure. 

No study has been reported in which this has been investi- 
gated using the patient as his own control during artificially 
induced hypertension. 

We have studied the changes in brachial and ankle blood 
pressure accompanying hypertension produced by hyper- 
carbia in 12 male patients with arteriographically confirmed 
peripheral vascular disease. Brachial and ankle pressures were 
measured using ultrasound at rest and at half-minute intervals 
up to a maximum inspired CO, concentration of 8 per cent. 
All patients achieved elevation of brachial and ankle blood 
pressure (mean, 12-2 per cent, s.d., 8-31; 32-2 per cent, s.d., 
13-61, respectively) over their resting values. The rise in pres- 
sure index bore no relationship to the CO, concentration, the 
duration of inhalation or the resting pressures. There was, 
however, a linear relationship between the resting pressure 
index and the maximum index during hypercarbia (r=0-99, 
P<0-001). 

Our findings in this preliminary study support the relative 
superiority of the pressure index over absolute pressure in 
the evaluation of lower limb ischaemia and this method shows 
promise in the further study of indirect techniques of measure- 
ment of flow. 


STRANDNESS D. E. (1969) Peripheral Arterial Disease. London, 
Churchill. 


37. A comparison of the immunoreactive gastrin profile in 
normal subjects and duodenal ulcer patients before and after 
highly selective vagotomy 

M. G. W. KETTLEWELL, ELENA DREXLER and J. HARVEY (P. J. 
MORRIS), Nuffield Department of Surgery, The Radcliffe Infir- 
mary, Oxford 


Patients with duodenal ulcers have been found to have normal 
fasting serum gastrin levels (Walsh et al., 1971) despite in- 
creased gastric acid secretion. All forms of vagotomy cause 
ca in the fasting gastrin levels (Hansky and Korman, 
1973). 

We report the differences in fasting immunoreactive gastrin 
profiles of 24 normal volunteers and 12 duodenal ulcer patients 
after eluting serum samples through a Sephadex G50 column. 
We have also studied the effect of highly selective vagotomy 
(HSV) upon the fasting gastrin profile. 

Duodenal ulcer patients have substantially more big big 
gastrin (BBG) and less little gastrin (LG) than normal volun- 
teers. HSV leads to a rise in the amount of BBG and also a 
great increase in resting big gastrin (BG). However, HSV 
does not cause any alteration in resting LG levels. 

No. of Recovery 
patients BBG BG LG Total rate (%) 


Normal 30 1743-6 6406 25+16 494-26 96 

Duodenal 16 264-22 4415 17440 49:40 97 
ulcer 

After HSV 16 38+2-:116£2-3 18427 824241 89 


All results given as pmol/l and mean-+s.e.m. 


We conclude that fasting antral secretion of LG is sup- 
pressed in patients with duodenal ulcer, but the reduced acid 
output following HSV leads to a rise in the resting levels of 
the larger molecular forms of gastrin only. 


HANSKY J. and KORMAN M. G. (1973) Peptic Ulcer. Philadelphia, 
Saunders, p. 275. (Clinics in Gastroenterology, No. 2.) 

WALSH J. H, YALOW R. S. and BERSON S. A. (1971) The effect 
of atropine on plasma gastrin response to feeding. Gastro- 
enterology 60, 16-21. 


38. The sensitivity of mammary tumour implants to cytotoxic 
drugs in immunosuppressed mice 

B. R. BULLEN, CAROL W. RUSSELL and G. R. GILES, University 
Department of Surgery, St James’s Hospital, Leeds 


In assessing the sensitivity of a tumour in an animal to cyto- 
toxic agents, it is clear that the rate of growth of a tumour 
implant depends not only on the action of the drug, but also 
on the host's response to the tumour. There seems some rele- 
vance in exploring this relationship further. 

Mammary tumour implants maintained in inbred C,H mice 
were measured twice weekly. For each drug tested, 10 mice 
with tumour acted as control animals, 10 received the drug 
under test and 20 more a combination of drug and anti- 
lymphocytic serum or antilymphocytic serum alone. The drugs 
tested were: cyclophosphamide, thiotepa, 5-fluorouracil, mel- 
phalan and vincristine. 

Tumour growth was more rapid in suppressed mice than 
in control animals so that the tumour bulk at the time of 
drug testing was greater in suppressed animals. Despite this 
disadvantage, the mean reduction in size after a single dose 
of cyclophosphamide was 76-+.6-4 per cent in the suppressed 
animals and 4349-5 per cent in the animals receiving cyclo- 
phosphamide only (P< 0-0005). This same trend was observed 
in a second experiment with cyclophosphamide, but the differ- 
ences were less marked. The effect of vincristine and melphalan 
was not enhanced by immunosuppression, and 5-fluorouracil 
had a slightly greater cytotoxic effect in the non-suppressed 
group (25+-14-8 per cent as against 1113-9 per cent). In 
one experiment with thiotepa, mild sensitivity appeared in 
the immunosuppressed group (25445 per cent mean reduc- 
tion in size) whereas the tumour was completely resistant in 
control animals. 

Cell kinetics in solid tumours may be altered by immuno- 
suppression in a manner which may increase the cytotoxic 
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activity of a drug to which the tumour is sensitive, and may 
also result in some cell kill from an otherwise ineffective agent. 


39. N-acetyl-glucosaminidase release during cadaver kidney 
preservation 

F. W. BALLARDIE, G. L. COHEN and R. W. G. JOHNSON, University 
Department of Surgery, The Royal Infirmary, Manchester 


A method is needed to measure the rate of deterioration of 
kidneys during preservation. The release of the renal tubular 
lysosomal enzyme N-acetyl-glucosaminidase (NAG) has been 
shown to be proportional to the duration of continuous 
perfusion of dog kidneys and also to reflect pre-perfusion 
injury (Cohen et al., 1976). 

In this prospective study the release of perfusage NGA 
was measured in 25 human cadaver kidneys stored for up to 
26 hours prior to transplantation. The level of NAG was then 
correlated with each recipient’s creatinine clearance post- 
operatively. 

NAG was released progressively at rates of 0-3-11-2 ug™? 
kidney weight h. The total NAG varied from 5-7 to 140 u/g. 

Eight kidneys which released more than 62 u/g (mean 84+ 
26 u/g) showed no measurable creatinine clearance at 3 days. 

Seventeen kidneys which released less than 65 u/g (mean 
33 +20 u/g) functioned immediately. This difference was highly 
significant: t=-4-9, P<0-001, Creatinine clearance at 3 days 
showed an inverse relationship to total NAG (r=0-78). 

In the presence of significant pre-perfusion injury NAG 
reached levels correlating with delayed function within much 
shorter periods of perfusion. This indicates an increased rate 
of deterioration. 

Measurement of perfusate NAG allows for quantification of 
pre-perfusion injury, measurement of deterioration during 
perfusion and prediction of postoperative performance. 


COHEN G. L., BALLARDIE F, W. and JOHNSON R. W. G. (1976) 
Patterns of lysosomal enzyme release during in vitro 
kidney perfusion. Br. J. Surg. 63, 662-663. 


40. The influence of cephazolin sodium on wound infection in 
biliary surgery 

C. J. L, STRACHAN, J. BLACK, S. J. A. POWIS, A. R. WILKINSON, 
T. A. WATERWORTH and H. NORCOTT, Queen Elizabeth, Dudley 
Road and General Hospitals, Birmingham, North Staffs Royal 
infirmary, Stoke, General Hospital, Northampton, and Wals- 
grave Hospital, Coventry 


Cephazolin sodium has been shown to reach high levels in 
bile in patients with biliary disease. This prompted a six- 
centre prospective controlled trial of this antibiotic as prophy- 
laxis against wound infection after elective cholecystectomy. 

Patients were randomly allocated into three groups: no 
cephazolin; a l-g intramuscular injection with premedication; 
a similar dose plus 0-5 g intramuscularly 8-hourly for 5 days. 
Surgeons were free to choose incision, drainage and whether 
to remove the appendix. Wounds were inspected regularly by 
bacteriologists unaware of group allocation. 

After 6 months 190 patients had completed the trial. High 
risk factors were evenly distributed between the groups. Four 
control patients and 8 single-dose patients were given post- 
operative antibiotics and were withdrawn; one developed 
wound sepsis. 


Single 5-day 
Control dose course 
No. of patients 56 56 66 
Wound infected 10 (17-98%) 2 (3-622) 4 (61%) 
y? x control -l 5-973 4-150 
P v. control — <002 <0-05 





The two treatment groups were not significantly different. 
Wound infection did not correlate with appendicectomy or 
the type of incision. 

Cephazolin sodium provides effective prophylaxis against 
wound infection in routine cholecystectomy. 


41. Criteria for the selection of rectal cancers for local treat- 
ment : 

M. G. GREANEY and T. T. IRVIN, University Surgical Unit, Royal 
Infirmary, Sheffield 


















Crile aad Turnbull (1972) have used electrocoagulation as the 
primary treatment. for. non-encircling cancer of the lower 
rectum. However, local. treatment cannot cure patients with 
lymph node metastases, and the clinical criteria for the selec- 
tion of tumours for local treatment remain uncertain. 

Possible criteria for the selection of tumours for local treat- 
ment were examined in 113 cases of low rectal cancer (less 
than 10cm from the anus). Tumour size and configuration 
were compared with differentiation, Dukes’ staging and 
survival. All patients underwent abdominoperineal excision 
of the rectum. 

Of the 113 cases, 45 had annular tumours and 68 had non- 
encircling tumours. In 16 non-encircling tumours the maximum 
diameter of the tumour was more than 5cm (group 1), and 
in 52 non-encircling tumours it was 5em or less (group 2). 





In group 1, are node metastases were found in more 
than 60 per cent of polypoidal and ulcerative tumours. How- 
ever, of 9 polypoidal tumours in group 2, 5 were Dukes’ A 
stage, all were well differentiated and only one had lymph 
node metastases. Of the 43 ulcerative tumours in group 2, 
4 were poorly differentiated and 21 had lymph node metas- 
tases. In group 2, the 5-year survival rate was 62-5 per cent for 
polypoidal tumours and 36-8 per cent for ulcerative tumours. 

Polypoidal tumours 5cm or less in diameter may be suit- 
able for local treatment, but they account for only 8 per cent 
of low rectal cancers, and in 11 per cent of cases lymph node 
metastases are present. 


CRILE G. jun. and TURNBULL R. B. (1972) The role of electro- 
coagulation in the treatment of carcinoma of the rectum. 
Surg. Gynecol. Obstet, 135, 391-396. 


Reviews and notices of books 


Spinal Cord Injuries. Comprehensive Management and Research 
Sir Ludwig Guttmaun. Second edition. 245x175 mm. Pp. 
731l-+-xv, with 274 illustrations. 1976. Oxford: Blackwell. £21. 


It is very hard to realize that it is now 10 years since Sir Ludwig 
Guttmann retired from active practice. The second edition 
of his book is as fresh and dynamic in its approach as was 
his directorship of the National Spinal Injuries Centre at 
Stoke Mandeville. 

The introductory chapters make fascinating reading in their 
comprehensive description of the total coverage and the 
priorities required to care for spinal injury patients through- 
out the world, At the end of the section on British centres Sir 
Ludwig comments upon the Tunbridge Report on Rehabilita- 
tion which recommended that two more spinal centres should 
be set up in England and Wales. The placing of more such 
centres within a community would ensure greater ease of 
resettlement of these patients as well as local provision for 
adequate social services. The chapters on aetiology and 
physiology have been brought up to date, and as an example 
the most important work by Domisse (1975) on arterial and 
venous supply to the spinal cord has been emphasized. The 
sections containing neuropathology and regeneration of the 
cord are most worth while. 

The clinical chapters, making up the major part of this 
book, contain a most competent and direct description of the 
classification of spinal fractures and dislocations. The author's 
condemnation of laminectomy for fracture dislocation of the 
vertebral column is clearly explained. The disturbance of the 
bony stability as well as worsening of the neurological lesion 
in a significant percentage of cases are, of course, now well 
appreciated. Holdsworth’s typical flexion vertical-loaded rota- 
tional injury at the thoracolumbar junction accounts for about 
90 per cent of all spinal injuries with paraplegia. The neuro- 
logical defect is usually due to compression from the front 
and therefore decompression by a posterior laminectomy can 
have no value whatsoever. In addition, there is now a sub- 
stantial number of reports in the literature on the problem of 
post-laminectomy spinal deformities associated with a pro- 
gressive kyphosis and pain. The problems associated with 
spinal fusion with or without internal fixation are thoughtfully 
presented, and quite rightly the earlier methods by various 
rigid platings have not been regarded as adequate. However, 
the criticism levelled at the efficacy of Harrington instru- 
mentation has been based upon a rather poor paper by 
Katznelson in 1969, who himself described it as being too 
small and inconclusive. More recent publications have been 
appearing and indicate the efficacy of spinal stabilization by 
Harrington-rodding in spinal cord injuries with neurological 
involvement. However, this textbook probably contains the 
fullest account and debate on the place of surgery in spinal 
injury that has been published. 

There still remain many problems and uncertainties in this 
complex field, but outstanding publications such as this must 
eventually solve them. The reviewer recommends this book 
without reserve as a unique publication and a ‘must’ for all 
who have any responsibility in caring for spinal injury patients. 

ROBERT B. DUTHIE 


Surgical Treatment of Endocrine Disorders 
William Hamilton, 215 x 140 mm. Pp. 237. Illustrated. 1976. 
London: Butterworths. £9-95, 


Tuts textbook has the unusual attribute of a panel of consul- 
tant surgeons in various disciplines under the general author- 
ship of a paediatric physician. Despite the title, the author in 
his foreword states that ‘this is not a surgical textbook’. In 
this he does well, for, in general, pharmacology, hormonal 
assays and descriptive pathology rightly constitute the main 
volume of the work. In some sections, notably on the adrenals 
and on the pituitary and hypothalamus, the surgical procedure 
is explicit and detailed; in others, for example the female 





Br. J. Surg. Vol. 64 (1977) 301-304 


reproductive system, surgery is briefly mentioned, and in the 
chapter on endocrine influences in the breast, limited to 
plastic procedures. 

The value of the book lies in its emphasis on preoperative 
assessment by the pharmacologist and the steroid chemist 
whose sophisticated investigations should provide a blue- 
print for surgical procedures. Though as the years pass, many 
of these investigations savour less of the occult and are be- 
coming sufficiently standardized to be used by the practising 
surgeon, none the less the diagnosis and treatment of endocrine 
disease must still continue on a team basis embracing many 
disciplines. 

Criticism devolves, as frequently happens in multi-author 
books, upon the absence of standardized terms of reference 
to individual authors, resulting in different formats of presenta- 
tion. Alone in the chapter on the adrenal gland is there a 
personal and authoritative account of the work of an indivi- 
dual surgeon with clear and unambiguous instructions on 
investigation and procedure and with detailed follow-up 
results. It rather detracts from the value of the book that a 
similar layout was not more generally adopted. Several of the 
chapters are review articles with anecdotal references which, 
despite a lucid classification in an easily readable context, can 
be found in an abridged form in many medical journals. It 
must also be remembered that each contributor is an enthu- 
siast in his field and that some opinions offered have an 
element of personal conviction. For example, it has been 
known for several years that the demonstration of latent hypo- 
parathyroidism by versenate challenge can occur in unoperated 
as well as in post-thyroidectomy patients and that postopera- 
tive hypocalcaemia can more readily be explained on a meta- 
bolic basis than by parathyroid interference. Equally it cannot 
be accepted that ‘the surgeon’s role in the treatment of thyro- 
toxicosis is diminishing’. Though the results of surgery leave 
much to be desired, the logistical difficulties and inadequate 
results of other forms of treatment have meant a gradual recent 
increase, on both sides of the Atlantic, in the number of thyro- 
toxic patients referred for operation. 

The main challenge to the success of this volume, however, 
lies elsewhere. During the past three years books on various 
aspects of endocrine disease have appeared at approximately 
monthly intervals. In a field which has been so abundantly tilled 
and seed so liberally scattered, the rewards of harvesting will 
be correspondingly less. In general this book has much to 
recommend it, but the competition for readers, undergraduate 
and postgraduate, practitioner and consultant, will be severe. 

W. MICHIE 


Manual of Endocrine Surgery 
A. J. Edis, L. A. Ayala and R. H. Egdahl. 270x 200 mim. 
Pp. 274, with 266 illustrations. 1975. Berlin: Springer. DM.94. 


Tuis manual is intended as a comprehensive guide to the 
diagnosis and management of endocrine diseases encoun- 
tered by the general surgeon, namely those of the parathyroids, 
thyroid, adrenals and endocrine pancreas. The authors, who 
are experienced endocrine surgeons, fulfil their aim admir- 
ably and provide, in addition, excellent accounts of surgical 
anatomy, pathology and operative technique. The whole book 
is profusely illustrated, mostly in colour, and the watercolours 
of operations are clear, life-like and very helpful. 

These aspects of surgical endocrinology could hardly be 
dealt with better, but the reader must, of course, look else- 
where for a full account of clinical endocrinology. There are 
many references, including papers published in 1975. The 
paper, printing, illustrations and binding are of a very high 
quality and the index is adequate. 

This is an excellent publication, which will be treasured 
and consulted frequently by general surgeons who treat 
patients with endocrine diseases and by those in training. 
The price is surprisingly low. 

R. B, WELBOURN 
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A Manual of Human Anatomy. Volumes I, H and II 

J.T. Aitken, G. Causey, J. Joseph and J. Z. Young. Third edition. 
215x 135 mm. Pp. 652. Illustrated. 1976. Edinburgh: Churchill 
Livingstone. £12735. 


Tue third edition of this well-known manual of human 
anatomy should be a welcome addition to the range of books 
available for the courses in topographical anatomy currently 
in vogue in many medical schools. Indeed, in preparing the 
new edition the authors have taken into account the changes 
which have been and which are being made in the content of 
such courses and in the time devoted to the teaching of anatomy 
in the undergraduate medical curriculum. 

Compared with the second edition the number of volumes 
has been reduced to three and the contents have been re- 
organized: Volume I covers the thorax, abdomen and pelvis; 
Volume H deals with the head and neck: and Volume Hf is 
concerned with the limbs. 

The subdivision of the various parts of the body inte 
smaller regions orientated around a central point of interest 
is well conceived. In individual chapters a short introduction 
precedes clear instructions for students to carry out the re- 
quired dissection together with brief descriptions of some of 
the structures to be displayed. These sections are followed by 
more detailed information on the topographical organization 
and relationships of the structures in the region. The impor- 
tance of correlating function with structure is not neglected: 
indeed, where appropriate, the paragraphs on functional 
anatomy are useful and informative. The sections dealing with 
each part of the body conclude with useful summaries of the 
lymphatic drainage and some aspects of the nerve supply of 
the region under consideration. The summaries outlining the 
ground which might conveniently be covered in a tutorial 
type practical class on osteology and functional or surface 
anatomy should prove useful for both tutors and students. 

These books are well written in a very straightforward con- 
cise style. The diagrams are clear and simple; to this end 
superfluous detail has been omitted and the judicious use of 
colour and shading serve to clarify important points. The 
size, format and spiral binding make them convenient books 
to use in a practical class in the dissecting room. 

Although much descriptive detail of topographical anatomy 
has been omitted, these books contain sufficient well-presented 
information to enable undergraduate medical students to gain 
a fundamental knowledge of human anatomy. Even in curricula 
where active dissection by students is no longer practised the 
dissecting instructions could still be useful during the study 
of anatomical prosections. 

Unfortunately, even in modern preclinical medical curricula, 
these volumes on their own may well prove to be inadequate 
as the only text on human anatomy; consequently, students 
in many schools will probably require an additional more 
detailed book on the subject. With this in mind, the price, 
namely £12-75 for the set of three volumes, may prove to be 
a disadvantage. Nevertheless, these clearly written and well- 
produced manuals deserve continued success. 

D. MAYOR 


Diseases of the Smali Intestine in Childhood 
John Watker-Smith. 215 x 140 mm. Pp. 260, with 64 illustrations. 
1975. Tunbridge Wells: Pitman. £7. 


THE purpose of this book is to provide a review of the causes, 
clinical features and management of the commoner and more 
important diseases of the small intestine in British and Aus- 
tralian children. The author hopes that it will be of value to 
consultant paediatricians and paediatric surgeons as well as 
to their registrars and house officers, and also to those con- 
cerned primarily with the care of adults and as a reference 
book for general practitioners, students, dieticians and nurses. 
Paediatric gastro-enterology is a new speciality and seems 
likely to envelope most of the diseases of the alimentary tract, 
and one may wonder what will be left for the general paedi- 
atric physicians and surgeons, if any of them survive. 

In spite of the recent large expansion of knowledge of the 
function of the normal and diseased intestine, much more 
needs to be learned. There are chapters on the general aspects 


of gastro-enterology and on methods of investigation, but the 
bulk of the book is concerned with coeliac disease, milk and 
other protein intolerances, malabsorption of sugars, gastro- 
enteritis, parasites and Crohn’s disease. There are also chapters 
on the lesions of the small intestine which can be corrected 
surgically, the effects of removing large parts of the small 
intestine and on a variety of other disorders such as lymph- 
angiectasia, protein calorie malabsorption and other selective 
defects of absorption. 

This is a useful book and can be read with profit by general 
surgeons who have to deal with children with small bowel 
disease and disturbances. The chapter on gastro-enteritis is 
good and reflects the author’s experience and interest. It is 
more up to date than most books on paediatric surgery and 
would be of value also to paediatric surgeons, although the 
sections on massive resection and the lesions which can be 
treated surgically are too short to be of much use to a speci- 
alist surgeon. 

There is a useful list of references after each chapter, but 
the index is poor, being not much more than an expanded 
list of contents. 

A. W. WILKINSON 


The Foot and Its Disorders 
Edited Leslie Klenerman. 235x 165 mm, Pp. 239-4-xii. Illus- 
trated. 1976. Oxford: Blackwell. £8.50. 


THis book has been written essentially for orthopaedic sur- 
geons and rheumatologists in training. There are ten chapters 
and fourteen authors, under the editorship of Mr Leslie 
Klenerman, a consultant orthopaedic surgeon. In about 250 
pages it provides a concise summary of relevant information. 
It is well produced in clear print, and is adequately and rele- 
vantly illustrated. The price of £8-50 reflects present day 
publishing costs. 

With so many authors, there are problems of varying 
literary style. There is some lack of general editing and a 
certain amount of repetition. Although the editor specifically 
excludes operative details from the mandate, several chapters. 
illustrate surgical procedures, with benefit to general under- 
standing. Trainees and experienced readers alike will find 
that the chapter on the evolution of the foot provides inter- 
esting material for discussion. Functional anatomy and mech- 
anics are adequately covered. The problems of hallux valgus 
and its associated conditions are well discussed, and noñ- 
surgical readers must find the operative summaries of some 
interest. Foot problems occurring in systemic disorders and 
in diabetes are briefly covered. There are interesting chapters 
on surgical footwear by an experienced appliance maker, and 
on chiropody by a senior chiropodist. A most extensive list 
of references to basic literature is perhaps one of this volume’s 
strongest points. There are some surprising omissions; for 
example, there is no discussion of the after-effects of trauma, 
or of the problems following foot surgery. The subtalar joint 
is almost completely ignored, and triple arthrodesis is only 
mentioned in relationship to clubfoot. Common. surgical 
operations such as forefoot excision arthroplasty receive no 
mention. While a chiropodist has written an excellent section 
on ingrowing toenail, the surgery of this condition is sparsely 
discussed--when conservative treatment fails, it is surely 
wrong to recommend radical excision of the nail bed without 
considering a simple wedge resection. The text sometimes 
wanders from its main objective—discussion of rupture of 
the Achilles tendon and below-knee amputation seems scarcely 
worth while. 

The chapter on foot pain is rather hurried and only amounts 
to a list of disorders. The practitioner who seeks advice on 
management will obtain little useful instruction. An annoying 
feature is a tendency towards dogmatic retreat behind a single 
reference, when a little discussion from the relevant author 
would be more helpful. 

While this book will provide useful instruction for the 
trainee rheumatologist, it is by no means a complete primer. 
The trainee orthopaedic surgeon will find it lacking in basic 
clinical advice. 

T. S. MANN 


Total Parenteral Alimentation 

Edited C. Manni, S. 1. Magalini and E. Scrascia. 240 x 165 mm. 
Pp. 330-+-xi. Illustrated, 1976. Amsterdam: Excerpta Medica. 
$36.50. 


Reviews in the British JouRNAL oF SuRGERY characteristic- 
ally outline contents, make some mild comments on complete- 
ness, or occasionally on veracity, and conclude with a recom- 
mendation (or very rarely an adversary comment) on the 
suitability of a book for individual or library purchase. This 
is a bland formula, safe from controversy and from public or 
personal indigestion. However, I wonder how often the 
resultant published word is read or if it influences the pattern 
of sales. Whatever the answer to these rhetorical questions, 
the formula is unsuited to this book which I have no hesita- 
tion in saying is scarcely worth the paper it is printed on, 
even granted this is glossy and expensive. ‘Oh monstrous!, 
but one half pennyworth of bread to this intolerable deal of 
sack’ is both its description and its Falstaffian epitaph. Here 
in abundance are personal views generated on the international 
conference circuit, but in this complex and difficult subject 
there is the usual notable lack of hard data, of comparison 
and of objectivity. True, there are a few papers which are 
searching towards the underlying nutritional components of 
surgical illness but otherwise it is the mixture as before—if 
you feed the otherwise starving patient he is more likely to 
live. 

Should conference proceedings ever be published, or even 
more basically should conferences of this kind ever be held? 
Olaf Holmes wrote some years ago in a journal, now un- 
fortunately defunct, that ‘the utility of conferences began to 
deteriorate decades ago; now, when attendance by thousands 
has become the rule, we are faced with a situation that is 
absurd and ludicrous’, This expensive paperback supports 
Hoimes’s view. 

H. A. F. DUDLEY 


Proceedings of the Action for Disaster International Conferences 
Glasgow, April 1976 

Edited Supt J. Howard, 300 x 210 mm. Pp. 95, Illustrated. 1976. 
Glasgow: Action for Disaster. £3-50. a 


Tras second volume published by Action for Disagter reports 
the proceedings of their second symposium on disaster plan- 
ning. The opening papers have a strong regional bias from 
the police, fire, ambulance and medical services of the Strath- 
clyde area. Next there is a good account of the plans for 
dealing with disasters on oil rigs. Of the two chapters on 
communications, one is by a liaison officer of a radio amateur 
emergency network in Strathclyde. Two chapters deal with 
problems of the deaf and the disabled in disasters. Four 
chapters are devoted to reports by officers involved in the 
Moorgate and Flixborough disasters, and four international 
chapters offer contributions from Canada, Germany, Switzer- 
land and France. 

Those interested in or responsible for disaster planning will 
find much to ponder over in every chapter. The chapters about 
Moorgate and Flixborough are outstanding—~authoritative, 
gripping and with the authentic stamp of personal experience. 
However, the chapter which perhaps carries the most urgent 
message for us is that by Monsieur R. Pignol. He explains 
that in France the coordination of emergency services in 
disasters is the responsibility at local level of the mayor, at 
regional level of the prefect and at national level of the Minister 
of the Interior. Until some equally sensible and effective 
arrangement is made in this country it is to be hoped that 
Action for Disaster will go on organizing conferences and 
publishing the proceedings. These books would gain in value 
if conceived primarily as having a national rather than a 
regional interest, and if they included both a list of all the 
disasters which had occurred in Britain since the previous 
conference and a list of all the British publications on disaster 
planning for the same period. 

WILLIAM H. RUTHERFORD 
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Fundamental Aspects of Metastases 

Edited Leonard Weiss. 240 x 170 mm. Pp. 443+ xix. Hlustrated. 
1976. Amsterdam: Excerpta Medica. $53.95. 


THE realization that many patients with cancer have systemic 
disease is considerably influencing current therapy, which 
must not only eradicate the local tumour but also control 
distant metastases. Patients frequently die because of meta- 
tases; hence the importance of mechanisms governing their 
formation to clinicians and researchers. This book is wel- 
comed because it contains a complete account of present 
fundamental scientific and clinical knowledge of the subject. 
It contains expanded versions of papers presented by thirty- 
nine contributors presented at an international multidisci- 
plinary workshop~symposium in July 1975. Metastasia is a 
subject of profound complexity, and the mechanisms enabling 
neoplastic cells to invade contiguous tissues, to disseminate 
through the lymphatic and blood circulations and their incor- 
poration in other tissues are imperfectly understood. This is 
traditional thinking and it is suggested that some metastases 
could be produced from the release of subcellular particles as 
oncogenic viruses from the primary tumour. 

Much of the text is concerned with fundamental subjects 
including the nature of the malignant cell periphery and bases 
of cell interactions, immune factors and experimental studies, 
which are of absorbing interest to oncologists. There are also 
accounts of studies on human metastases of much practical 
importance. For instance the ‘cascade hypothesis’ is unfolded, 
whereby a given primary tumour metastasizes to one or more 
‘generalizing sites’; these in turn produce the generalized 
disease. This poses several questions, such as why primary 
tumours do not metastasize directly to all parts of the body?; 
why is a generalizing site necessary?: what events occur at 
the generalizing site so that widespread dissemination occurs? 
Thought-provoking indeed, and the whole book is immensely 
stimulating. A wide readership is assured and well merited. 

RONALD W. RAVEN 


Radiotherapy in Modern Clinical Practice | 
Edited H. F. Hope-Stone. 235 x 160 mm. Pp, 356. Hlustrated.- 
1976. London: Crosby Lockwood Staples. £10. 


THis production makes a significant contribution to oncology, 
presenting the principles and practice of radiotherapy in 
lucid form. The case for radiation therapy in the treatment 
of cancer in different sites is objectively reviewed, but of 
course there are areas in which the claims of surgery or even 
chemotherapy may be equally strong. Where such difficulties 
do arise and while there continues to be room for argument 
about the actual and potential role of each method, the authors 
repeatedly urge a collaborative approach by a multidisci- 
plinary team in treatment planning, because elective treat- 
ment for the individual patient is dependent not only on the 
morphology and staging of the lesion in question but also on 
the particular facilities and skills available to each centre. In 
the light of these premises not everyone would wholly sub- 
scribe to the view that there is probably no longer any place 
for radical neck dissection alone in the management of neck 
nodes staged Nib, or that radical radiotherapy and salvage 
surgery should be the treatment selected for all tumours of 
the lower alveolus in older people. 

Without prejudice to the excellence of this book as a whole, 
the chapter on technical aspects of radiotherapy was found 
very informative, and the subsequent one on experience with 
fast neuron therapy of particular interest. The reported effec- 
tiveness of neutron therapy in the treatment of sarcoma, 
especially bone sarcoma and in cancer of the head and neck, 
will attract wide attention. 

This publication is highly commended to every oncologist, 
not only to the younger postgraduate student but also to 
those of an older age group whose attitude towards radio- 
therapy in general may have been conditioned by clinical 
experience of morbidity in the orthovoltage era. 

JAMES F. PHILIP 
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Tumors of the Kidney, Renal Pelvis, and Ureter 

James L. Bennington and J. Bruce Beckwith. 260 200 mm. 
Pp. 383+xv, with 267 illustrations. 1976. Washington, DC: 
Armed Forces Institute of Pathology. $6.50. 


Tue Armed Forces Institute of Pathology ‘Atlas of Tumor 
Pathology’ has been well known to pathologists for many 
years and has always constituted a work of reference for 
histopathologists. It can safely be predicted that the second 
series, of which this book is Fascicle 12, will exceed in popu- 
larity even the first series. The authors are naturally primarily 
concerned with morbid anatomy; they give detailed and well- 
illustrated accounts of the microscopic and ultramicroscopic 
structure of renal tumours, together with instructive accounts 
of non-malignant conditions, such as xanthogranulomatous 
pyelonephritis, which may mimic tumours. These discussions 
will be of vital interest to histopathologists, but the clinical 
urologist will also find this an invaluable work of reference, 
correlating the clinical, radiological and ultrasonic findings 
with tumour pathology. Dr Beckwith’s contributions to the 
pathology of neonatal tumours and related congenital renal 
disorders are well known and naturally receive a full discus- 
sion; short sections covering epidemiology, heredity and gesta- 
tional factors are included. There are useful descriptions of 
and references to the rare sarcomatous tumours which ordi- 
narily receive scant attention in textbooks. 

The book has paper covers, but is well printed on heavy 
gloss paper. The majority of illustrations are in black and 
white and depict hematoxylin- and eosin-stained sections, 
which give unusually clear portrayals of histology. There are 
a number of colour plates which certainly look attractive, the 








colour combinations of renal adenocarcinoma being exception- 
ally satisfactory, though the additional information conveyed by 
colour probably does not justify the extra cost. The illustrated 
material has been collected from the large number of sources 
which are available to the Armed Forces Institute of Pathology, 
and it is somehow gratifying to come across illustrations of 
familiar specimens from St Peter’s Hospital and from Great 
Ormond Street Hospital, London. 

This book will be indispensable for urological libraries as 
well as for reference in departments of histopathology. 
. D. INNES WILLIAMS 


Antibiotics and Chemotherapy. Present Diagnosis and Treat- 
ment of Septicemia 

Edited L. P. Garrod et al. 240x175 mm. Pp. 215, with 18 
illustrations. 1976. Basle: Karger. US $48.25. 


THe diagnosis and treatment of septicaemia is a topic of 
great importance to practising surgeons, and a concise and 
well-documented review of all the aspects of management 
would be welcome. The present volume unfortunately fails to 
provide such a review and cannot be recommended. It con- 
sists of several brief ‘lectures’ and a great number of very 
short, largely anecdotal, contributions which were presented 
at a symposium in Madrid in 1974, Few of them present any 
new information and fewer still provide critical reviews of 
previous work; none has references to the literature. It is 
hard to find any justification for the publication, least of all 
at a cost of over £25, 

SIR ROBERT WILLIAMS 
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Shock as a complication of pancreatitis is well / d i Trasylol ‘Clearly should be 


known. However, attention has recently 


focussed on the pancreas as a target organ in ad ministe red In adequate 
shock due to other causes.’ Either situation dosage and without delay” 
leads to impaired perfusion and a chain of 

events mediated by kallikrein, which leads The proven therapy in acute 
through hypoxia and release of proteolytic kii 

enzymes to inappropriate activation of pancreatitis 


coagulation, fibrinolysis and the kinin system. 


This process can be blocked by the 
administration of Trasylol, which inhibits 
kallikrein.? Trasylol has also been shown to 


prevent the production of basic polypeptides 
such as kinins and pulmonary lesion factor 
(PLF),* which are also implicated in the 
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“It is concluded that maintenance treatment of ulcerative colitis 
with sulphasalazine (salazopyrin) should be continued 


indefinitely unless contraindicated by side effects. 


The results of the above controlled trial carried 
out at the Nuffield Department of Clinical 
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of patients with colitis, and only a few patients 
cannot tolerate this relatively small dose, which 
can be continued indefinitely since we do not know 
when, if ever, it can be safely stopped’’.’ 

Salazopyrin (sulphasalazine) is available as the 
plain o.sg. tablet, o.5g. EN-tab and as an o.sg. 
suppository. Literature and detailed information 
on Salazopyrin are available on request. 
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Both groups of patients had been 
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on Salazopyrin prior to the study, in 
which they took Salazopyrin or 
placebo for 6 months. 
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A significant advance in 





the management of septic shock 


The high risk of toxic reactions is often 
the reason for delaying the introduction of 
catecholamine therapy in septic shock. With 
the availability of Intropin (dopamine HCI), 
however, this situation has changed. Not only 
does Intropin significantly increase cardiac 
output and vital organ perfusion, it does so 


with few undesirable side effects. To quote 
from a recent symposium:* 

“...dopamine is probably the safest of the 
inotropic agents to start with...” 

“... Inotropic support with dopamine would 
constitute part of the routine management of 
the patient with septic shock.” 
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referencing is author(s), year of publication, title of 
article, name of journal, volume number, first and last 
page numbers. 
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The discovery that will 


revolutionise the treatment 
of peptic ulcers and 





A real breakthrough 


Due to its dramatic reduction of gastric acid 
secretion ‘Tagamet’ has achieved quite remarkable 
results in peptic ulcers and reflux oesophagitis. 

Complete healing of duodenal and gastric 
ulcers!2,3.4 (proven endoscopically) is seen in most 
patients after 4 weeks’ treatment. 
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secretion is likely to be beneficial. 


The discovery 


Until recently, one aspect of gastric physiology 
remained paradoxical-—histamine was known to be a 
potent stimulant of gastric acid, yet conventional 
antihistamines were totally inactive in this area. 
Confronted by this apparent anomaly investigators 
began to suspect that there might in fact be two types 
of receptor site for histamine-one mainly for allergic 
reactions (H,) and the second for gastric acid 


secretion (H,). 
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In 1964, the SK&F research team set out to finda new 
class of therapeutic agent by chemical modification 
of the histamine molecule. They were seeking an agent 
capable of blocking the action of histamine at the H, 
receptor site, just as conventional antihistamines do at 
the H, site. After 12 years of extensive research, this 
search has resulted in the development of ‘Tagamet’ 
the H: receptor antagonist, with the fundamental 
property of controlling gastric acid secretion? 
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Idiopathic megacolon: a review of 42 cases 


R. H. S. LANE AND I. P. TODD* 


SUMMARY 

Forty-two patients with idiopathic megacolon who were 
seen at St Mark’s Hospital over an 18-year period are 
reviewed with regard to presentation, investigation and 
management. The differential diagnosis is discussed 
with particular reference to Hirschsprung’s disease. The 
important aspects of medical treatment are outlined and 
the possible reasons for failure in more than one-half of 
the patients are discussed. The indications for surgical 
intervention in 14 patients are reviewed. The results 
following subtotal colectomy were better than following 
a localized sigmoid resection. 


THE aim of this paper is to define the term ‘idiopathic 
megacolon’ and to review the presentation, investiga- 
tion and management in 42 patients who presented at 
St Mark’s Hospital between 1957 and 1974. 
Megacolon is an uncommon condition in which the 
bowel is persistently of increased diameter and it is 
always associated with long-standing constipation 
(Todd, 1961). Two main groups are recognized accord- 
ing to whether or not ganglia are present in the inter- 
muscular plane of the rectal wall. Their complete 
absence, even along a short segment of rectum, de- 
notes Hirschsprung’s disease. If ganglia are present, 
the dilated bowel may be secondary to some predis- 
posing factor such as a stricture, a congenital ano- 
rectal abnormality, a cauda equina lesion etc. (Todd, 
1961). In Chagas’s disease, found in Central and South 
America, the dilatation is the result of degeneration of 
ganglia affected by toxins, secondary to infection by 
Trypanosoma cruzi (Ferreira-Santos, 1961). In other 
instances, however, there may be no apparent organic 
reason as to why the bowel should be so dilated. This 
latter condition is termed ‘idiopathic megacolon’. 


Presentation 

Twenty-seven patients were referred from other 
hospitals and 15 patients from general practitioners. 
Although the average age when symptoms first pre- 
sented was 17-6 years (range 1-70 years), in almost 
one-half of the patients they did so within the first 
decade of life. The sex incidence was equal. Seventeen 
patients admitted to a history of less than 4 years and 
4 patients had had symptoms for more than 25 years. 


Clinical symptoms 
All the patients admitted to constipation at one time 
or another but only 29 patients presented with this 
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symptom; the remainder suffered from overflow in- 
continence. Abdominal pain in 21 patients and dis- 
tension in 12 patients occurred intermittently and 
usually before a bowel action. No patient complained 
of urinary tract symptoms or had a family history of 
idiopathic megacolon. Seven patients were mentally 
subnormal and 2 patients had a personality disorder. 


Physical signs 

The incidence of abdominal distension, a palpable 
pelvic colon and an impacted rectum was more or less 
equal. No physical abnormality was detected in 11 
patients. A lax anus was observed in 3 patients and 
visible peristalsis in 1. An acute fissure was the pre- 
senting symptom in a further patient. Sigmoidoscopy 
was not particularly helpful, mainly owing to faecal 
impaction, but in 3 patients the sigmoidoscope ‘fell’ 
into a cavernous rectum. 


Investigations 


Barium enema 

A barium enema was given to all the patients under 
review and showed partial or total dilatation of the 
large bowel. There was no evidence of narrowing in 
the lower rectum which would have been suggestive 
of Hirschsprung’s disease. The technique employed 
differed from that of a conventional barium enema in 
that the patients did not have any bowel preparation 
beforehand and either diluted barium or Gastrografin 
was used to delineate the bowel. The colon was washed 
out after the procedure to avoid aggravating the 
symptoms. 

It was possible to subdivide the patients into four 
groups depending on their barium enema findings 
(Fig. 1). There was no correlation between age at 
presentation or length of history and the extent of 
bowel involvement. Similarly there was no correlation 
between the signs or symptoms and the extent of bowel 
involvement, except for those patients with a mega- 
rectum per se who did not complain of abdominal pain 
or distension and were all either mentally subnormal 
or mentally ill. 


Physiological studies | 
Rectal capacity and sensation were assessed in 20 
patients and the effect of rectal distension upon the 
tone of the internal sphincter was assessed in 8. 


* St Mark’s Hospital, London. 
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Fig. 1. The extent of megabowel as revealed by barium 
enema examination in 42 patients with idiopathic megacolon. 
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Fig. 2. The normal response of the internal sphincter to 
balloon distension in the rectum, which was observed in all 
of the 8 patients investigated. Serial inflation with 50 ml of 
air results in an increase in rectal pressure (RP) and a 
decrease in anal canal pressure (AP) (i.e. internal sphincter 
pressure). 
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Fig. 3. An abnormal response of the internal sphincter to 
balloon distension in the rectum of a patient with 
Hirschsprung’s disease. There is no fall in anal canal pressure 
(AP) after serial inflation of the rectal balloon. Note also 

the abnormally high rectal pressure (RP) observed after 

each inflation reflecting the lack of accommodation in the 
aganglionic segment. 





Rectal sensation was tested by placing a Miller- 
Abbot balloon in the rectum 10cm from the-anal 
verge and inflating it with increments of 50 mi of air 
until a feeling of impending evacuation was experi- 
enced. This sensation was greatly diminished in one- 
half of the patients tested and was normal in the 
remainder. Furthermore, a much larger volume of air 
than normal could be tolerated without discomfort, 
reflecting the increased reservoir capacity of the 
rectum. At no volume did the inert rectum attempt to 
expel the balloon. 

It has recently become routine at St Mark’s Hospital 
to assess the effect of rectal distension upon the tone 
of the internal sphincter. This was achieved by 
measuring the anal canal pressure with a fine, perfused, 
open-ended ureteric catheter, whilst the rectum was 
distended with air as described above. A normal 
response was elicited from the 8 patients investi- 
gated, i.e. there was a transient relaxation of the 
internal sphincter, denoted by a fall in pressure, after 
each increment was added. Within a few seconds this 
pressure rose toa baseline which was at a lower 
level than before (Fig. 2). This is in contrast to the 
findings in Hirschsprung’s disease, where the internal 
sphincter fails to relax in response to rectal distension 
(Fig. 3). 


Rectal biopsy 

A rectal biopsy was taken last as the procedure could 
have interfered with the other investigations. A full- 
thickness strip of rectal wall was taken under general 
anaesthesia from just above the anorectal ring in order 
to exclude Hirschsprung’s disease. Twenty-eight 
patients had a full-thickness biopsy taken during the 
course of initial investigation and 2 patients had a 
biopsy after a period of unsuccessful conservative 
treatment. The histology was normal in every case. 
Twelve patients did not have a biopsy as the diagnosis 
of Hirschsprung’s disease seemed unlikely on clinical 
or radiological grounds. 


Management 

Thirty-four patients were admitted to hospital for 
investigation and bowel clearance, which was achieved 
by repeated wash-outs, enemas or by manual evacua- 
tion under anaesthesia. When indicated, a full- 
thickness biopsy was taken within the first few days 
of admission and, if normal, a course of bowel train- 
ing was instigated. The implications with regard to 
diet, bowel habit etc. were explained to the patients 
and a combination of laxatives was employed, either 
orally or in the form of suppositories or enemas. 
Magnesium sulphate, Senokot and Dulcolax were the 
oral preparations most often employed, the dosage 
being adjusted to suit each patient. The average length 
of stay in hospital was 17 days. One patient refused 
admission and 7 patients, in whom conservative 
measures at other hospitals had been unsuccessful, 
were referred for surgery. 


Results of medical treatment 

Thirty-five patients returned detailed questionnaires 
concerning their current state of health and from their 
own assessment 17 patients reported a successful out- 
come following medical treatment. Nine patients no 
longer even required to take laxatives. According to 
the hospital records, 1 other patient also had a success- 
ful outcome before death from unrelated causes. 


As? 


Designed with the surgeon in mind 


e take infinite care to see that 
ery instrument is made to the 
ghest standards of modern 
ecision engineering, backed 
y the skilled craftsmanship of 
e instrument maker. 
hen it comes to quality, we cut 
D corners. 
d now we offer an improved 
ersonal service from our 
larged representative staff; 
more rapid processing and 
pspatch of your orders; and 
ailability from stock of 
rtually the complete range of 
elect Plus’ instruments— 
ough you will have to be more 
atient if you order our 
and-crafted instruments. 


The unique feature of any 
Downs surgical instrument is 
its good design—and we dont 
just mean its good looks. 

When designing an instrument 
our one guiding factor is that it 
will be used as an extension of 
the surgeon’s hands (the surgeon 
should be almost unaware of 
the instrument he is holding). 
That is why all Downs instru- 
ments handle so well. They are 
lightweight, comfortable to hold 
and perfectly balanced for 
greater precision, especially 
during delicate or intricate 
procedures. The same attention 
we give to the design is also 
given to the manufacture. 


OWNS SURGICAL LIMITED CHURCH PATH MITCHAM SURREY CR4 3UE ENGLAND 


Our instruments 
set the standard by 
which others are judged. 


Downs Surgical 


—simply the best 


















y 
i 
f 
f 
; 
f 
i 


sD VT 








Shock as a complication of pancreatitis is well 
known. However, attention has recently 
focussed on the pancreas as a target organ in 
shock due to other causes. ' Either situation 
leads to impaired perfusion and a chain of 
events mediated by kallikrein, which leads 
through hypoxia and release of proteolytic 
enzymes to inappropriate activation of 
coagulation, fibrinolysis and the kinin system. 


This process can be blocked by the 
administration of Trasylol, which inhibits 
kallikrein.* Trasylol has also been shown to 
prevent the production of basic polypeptides 
such as kinins and pulmonary lesion factor 
(PLF),° which are also implicated in the 
shock process. 


In a prospective double blind trial,* addition of 
Trasylol to standard therapy significantly 
reduced the mortality due to acute pancreatitis, 
and favourably altered the course of the illness. 
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Eighteen patients reported that medical treatment had 
failed to alleviate their symptoms and from the hos- 
pital records it was apparent that in a further 4 patients, 
on whom questionnaires were not returned, medical 
treatment had also failed (Fig. 4). It was not possible 
to assess the outcome of 2 patients as one died from 
unrelated causes within weeks of beginning treatment 
and the other has been lost to follow-up. Of the 22 
patients in whom medical treatment was unsuccessful, 
15 were referred for surgery; one of these patients 
had his name removed from the waiting list at his own 
request and has not been traced since. Seven patients 
are at present persisting with medical treatment 
(Fig. 4). 


Results of surgical treatment 

Fourteen patients were submitted to surgery in which 
a variable extent of colon was resected (Table I). In 
12 patients the preoperative barium enema revealed 
dilatation of the whole colon and in general the more 
extensive the colonic resection the better were the 
results. A successful outcome was achieved in the 
4 patients (Cases 2, 3, 4, 5) who had a subtotal 
colectomy and caecorectal anastomosis. Three of 
these patients are now asymptomatic 4-5 years after 
the operation and do not require laxatives. Three 
patients had a colectomy and ileorectal anastomosis, 
one of whom was asymptomatic for at least 6 months 
postoperatively before being lost to follow-up (Case 
13). The other two (Cases 11, 12) regard the outcome 
as being only partially successful as they still suffer 
with abdominal pain and tend to have diarrhoea with 
some difficulty in control. 

Two patients had a left hemicolectomy; one has 
been asymptomatic since the operation 8 years ago 
(Case 7) but the other (Case 6) still suffers with abdomi- 
nal pain and distension together with frequent epi- 
sodes of soiling and diarrhoea. One patient (Case 14) 
had a subtotal colectomy and ileosigmoid anasto- 
mosis, as the rectum was normal both radiologically 
and at operation, with a successful outcome. Two 
patients had a sigmoid colectomy which was not 
successful in alleviating their symptoms. The patient 
who was mentally subnormal (Case 8) required three 
admissions over a 12-year period for disimpaction 
under general anaesthesia; the last occasion being in 
1972 since when he has been asymptomatic provided 
he takes laxatives. The other patient (Case 9) was 
admitted four times between 1963 and 1969 with 
faecal impaction and on the last occasion had also 
developed large bowel obstruction from which she did 
not survive. The post-mortem revealed that the 
remaining colon and terminal few feet of ileum were 
grossly dilated with faeces. 

In 2 patients (Cases 1, 10) the preoperative barium 
enema revealed dilatation confined to the sigmoid 
colon and rectum. In one of these patients (Case 1), 
who was mentally subnormal, a subtotal colectomy 
and caecorectal anastomosis failed to alleviate the 
symptoms. The other patient (Case 10) had a success- 
ful outcome following a sigmoid colectomy. 

When the results following the first or only opera- 
tion were analysed it was apparent that a sigmoid 
colectomy was an unsatisfactory procedure in the 
treatment of idiopathic megacolon. Only 1 patient 
(Case 10) out of 6 had a successful outcome, and he 
had dilatation confined to the rectum and sigmoid 
colon. Two patients (Cases 11, 12) ultimately had a 
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Fig. 4. The results of conservative treatment in 

40 patientswith idiopathic megacolon. ©, Conservative 
treatment successful; @, conservative treatment 
unsuccessful so far; x, conservative treatment unsuccessful, 
referred for surgery. 


colectomy and ileorectal anastomosis, 1 patient (Case 
6) had a left hemicolectomy and 2 patients (Cases 8, 9) 
required several admissions for disimpaction, as a 
result of which 1 died of large bowel obstruction. 

The extent of colonic dilatation on the preoperative 
barium enema did not always correlate with the 
operative findings. In 2 patients (Cases 8, 9) the barium 
enema revealed dilatation of the entire colon and 
rectum but at operation only the sigmoid colon and 
rectum were judged to be dilated. This discrepancy may 
be due to the fact that the barium study was performed 
on an unprepared bowel whereas the colon and rectum 
were evacuated prior to operation. These 2 patients 
had a sigmoid colectomy with poor results. 

At operation it was apparent that the bowel wall 
was paper-thin in 2 patients (Cases 5, 6) and in another 
patient (Case 3) this abnormality was confined to the 
proximal colon. In 5 patients (Cases 1, 3, 8, 9, 10) the 
sigmoid colon and rectum were thick-walled and in 
the remainder of the patients the bowel was judged 
to be of normal thickness. 

The radiographic finding of gross dilatation should 
be heeded. It is perhaps this capacity for excessive 
distension which causes the symptoms. When dis- 
tended the colon may appear thin-walled, when empty 
normal, when fixed and contracted some hypertrophy 
may be apparent. At laparotomy, however, it is the 
floppy, atonic appearance of the intestine which 
strikes one and it is this which helps one decide upon 
the extent of removal. 


Discussion 

Many people probably suffer with constipation at 
some time during their lives and the majority success- 
fully treat themselves either with home-made remedies 
or by purchasing laxatives over the counter. However, 
when the symptoms of abdominal pain, distension or 
soiling supervene, medical advice is usually sought 
and after a further unsuccessful period of taking 
laxatives patients are referred for a specialist opinion. 
Seventy per cent of the patients in this series presented 
under the age of 30 years, and so malignancy was not 
thought to be the cause of their symptoms. Further- 
more, no patient complained of rectal bleeding. 

















Table I: SUMMARY OF PATIENTS SUBMITTED TO OPERATION 


Case 
No, 
(sex) 
i E 
(M) 


(M) 


12 
(M) 


13 
(F) 


14 
(M) 


* NAD, Nothing abnormal detected. + GA, General anaesthetic. 


Length 
of 
history 
(yr) 
Il 


25 


20 


22 


45 


40 


23 


2 


obstruction. 


Previous admissions 


before referral to 
St Mark’s 


etme 


1952, Sigmoid 
colectomy 

1960, Perforated 
descending colon 
oversewn 

1961, Laparotomy 
for constipation 
and abdominal 
pain--NAD* 


——e 


1959, Manual 
evacuation and 
sphincterotomy 
for acute fissure 


1957 and 1960, 
Manual 


evacuation under 


GAT 


1964, Sigmoid 
volvulus 
resected 


1969 (Jan.), 


Sigmoid volvulus 


reduced 
1969 (Nov.), 
Sigmoid 
colectomy 
1971, Left hemi- 
colectomy 


senna 


1970 (June), 
Haemorrhoid- 
ectomy 


Barium 
enema 
findings 


Megasigmoid 
and 
megarectum 


Megacolon 
and 
megarectum 


Megacolon 
and 
megarectum 


Megacolon 
and 
megarectum 


Megacoion 
and 
megarectum 


Megacolon 
and 
megarectum 


Megacolon 
and 
megarectum 

Megacolon 
and 
megarectum 


Megacolon 
and 
megarectum 


Megasigmoid 
and 
megarectum 

Megacolon 
and 
megarectum 


Megacolon 


Megacolon 
and 
megarectum 


Megacolon 


Date, age (yr) and 
operation at 
St Mark's 


1965, 15, Subtotal 
colectomy and 
caecorectal 
anastomosis 

1972, 19, Subtotal 
colectomy and 
caecorectal 
anastomosis 

1971, 29, Subtotal 
colectomy and 
caecorectal 
anastomosis 


1970, 24, Subtotal 
colectomy and 
caecorectal 
anastomosis 

1970, 27, Subtotal 
colectomy and 
caecorectal 
anastomosis 

1966, 58, Left 
hemicolectomy 


1967, 55, Left 
hemicolectomy 


1960, 37, Sigmoid 
colectomy 


1960, 51, Sigmoid 
colectomy 


1969, 26, Sigmoid 
colectomy 


1974, 45, 
Colectomy and 
ileorectal 
anastomosis 


1974, 51, Right 
hemicolectomy 
and ileorectal 
anastomosis 


1965, 41, 
Colectomy and 
ileorectal 
anastomosis 

1970 (Sept.), 57, 
Subtotal 
colectomy and 
ileosigmoid 
anastomosis 


i LBO, Large bowel obstruction. 


Outcome. (Comment and 


Operative findings present assessment) 


Thick-walled dilated Failure. (Mentally subnormal. 
sigmoid and Still constipated with 
rectum. Remainder abdominal pain and disten- 


of colon normal sion) 
Colon and rectum Success. (Asymptomatic. No 
dilated. Bowel laxatives) 


wall of normal 
thickness 

Dilated thin-walled 
proximal colon. 
Dilated thick-walled 
descending and 
sigmoid colon 

Huge dilated colon 
and rectum. Bowel 
wall of normal 


Partial success. (Mentally ill. 
Regular bowel habit. Occa- 
sional abdominal pain and 
distension. Barium enema: 
dilated caecum and rectum) 

Success. (Asymptomatic. No 
laxatives) 


thickness | 
Huge thin-walled Success. (Asymptomatic. No 
colon laxatives) 


Thin-walled dilated 
colon and rectum 


Failure. (Frequent abdominal 
pain, distension, diarrhoea 
and soiling. Barium enema: 
remaining colon and rectum 
dilated) 


Dilated redundant 
colon. Bowel wall 
normal thickness 

Huge thick-walled 
sigmoid and 
rectum 


Success. (Asymptomatic. No 
laxatives) » 


Partial success. (Mentally 
subnormal. 1966, 1970, 1972 
Faecal impaction evacuated 
under GA.t Now 
asymptomatic) 

Failure. (1963, 1964, 1965, 
1969, Faecal impaction 
evacuated under GA. 
Faecal impaction, LBOt 
died) 

Dilated thick-walled Success. (Asymptomatic. No 
sigmoid and rectum laxatives) 


Dilated thick-walled 
sigmoid and 
rectum 


Dilated colon and 
rectum. Bowel wall 
of normal 
thickness 


Partial success. (1975, SBO,§ 
adhesions released. Now has 
frequent bowel actions, 
soiling, abdominal pain and 
distension. Codeine phos- 
phate and bulk formers of 
some value) 

Dilated colon. Bowel Partial success. (Mentally ill, 
wall of normal Frequent episodes of 
thickness abdominal pain, soiling and 

diarrhoea. Codeine phos- 

phate of some value) 


Huge dilated colon. 
Bowel wall normal 
thickness 


Success. (Asymptomatic for 6 
months, then lost to 
follow-up) 


Dilated colon. 
Bowel wall normal 
thickness 


Success. (1971, SBO,§ 
adhesions released. Now 
asymptomatic) 


§ SBO, Small bowel 


Examination of the anorectal region excluded any 
congenital abnormality and at the end of the first 
clinic attendance it was apparent that, apart from the 
signs and symptoms related to the large bowel, the 
patients were otherwise healthy. At this stage the 
diagnosis was either chronic constipation or idiopathic 
megacolon or Hirschsprung’s disease. All further 
investigations were conducted to establish whether 
megacolon was present and if so to differentiate 
between the idiopathic variety and Hirschsprung’s 
disease. 

A barium enema demonstrated dilatation of the 
large bowel and lateral views of the lower rectum 
revealed that in all but 2 patients this dilatation ex- 
tended down to the anorectal ring. Although this 
latter finding should have been enough to exclude 
Hirschsprung’s disease, there was a possibility that 
the barium enema had failed to show up an ultra- 
short segment of aganglionic rectum. Two patients 
with a dilated colon per se had a radiologically normal 
rectum. 

Physiological studies have become a useful diag- 
nostic aid in differentiating between idiopathic mega- 
colon and Hirschsprung'’s disease (Lawson and 
Nixon, 1967). A 100 per cent accuracy was achieved 
in the 8 patients investigated in this series. A similar 
degree of success was reported by Tobon and 
Schuster (1974) after investigating 54 patients with 
megacolon. 

A full-thickness rectal biopsy has been the standard 
means of excluding Hirschsprung’s disease since 
Whitehouse and Kernohan (1948) first reported an 
absence of ganglion cells and the presence of abnormal 
bundles of unmyelinated fibres in the affected segment 
in this condition. The biopsy must be taken from just 
above the anorectal ring, however, as the ganglion cell 
population is very variable in the upper anal canal 
(Duhamel, 1966). It also needs to be a full-thickness 
strip of rectal wall so that the intermuscular plane can 
be e examined (Swenson et al., 1955; Todd, 
1965). 

The management of idiopathic megacolon was con- 
servative in the first instance and necessitated admis- 
sion to hospital. This was important because until the 
colon and rectum had been completely evacuated 
bowel training could not commence. Previous experi- 
ence had shown that attempts to evacuate the bowel 
completely as an outpatient had been unsuccessful. 
Once evacuation had been achieved a variety of 
laxatives was prescribed. Bulk formers are contra- 
indicated in idiopathic megacolon where the bowel 
wall is atonic and the aim must be to keep the 
rectum, and to a lesser extent the colon, as empty as 
possible. 

When the patients were discharged from hospital 
they were assessed at frequent intervals in the out- 
patient clinics. Many factors were taken into account 
when deciding whether medical treatment had failed. 
Patient cooperation, the level of intelligence, the pre- 
sence of emotional disorders and the ability of the 
prescribed régime to control symptoms were all taken 
into account. All but one of the 7 patients who were 
mentally subnormal failed to be cured by medical 
treatment and this group was the most difficult of all 
to manage. An attempt to predict the eventual out- 
come of medical treatment by analysing the presenting 
symptoms and signs was not helpful. Patients who 
had a successful outcome had significantly shorter 
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histories (mean 8-5 years) than those referred for 
surgery (mean 14 years) (P< 0-05). 

When an operation is considered, our results 
strongly suggest that this should involve a subtotal 
colectomy. The results of localized resection have been 
disappointing. It was also apparent that in 2 patients 
the preoperative barium enema may have been more 
reliable in demonstrating the extent of dilatation than 
the findings at operation. However, a barium enema 
is unable to reveal the thickness of the bowel wall 
except when it is grossly hypertrophied. Patients who 
had a paper-thin colon tended to have longer histories 
(mean 20-1 years) than those in whom it was of 
normal thickness (mean 11:2 years), but these dif- 
ferences were not statistically significant. However, 
this finding may suggest a progression of events 
whereby the bowel wall becomes hypertrophied in an 
attempt to overcome chronic faecal overloading but 
after many years this compensatory mechanism fails, 
the bowel wall atrophies and distension occurs. 

Seven patients did not have a completely successful 
outcome following their most recent operation. There 
were several factors relating to this. One patient (Case 
9) may have had a too-limited resection, 2 patients 
(Cases 1, 8) were mentally subnormal, 2 patients 
(Cases 3, 12) were receiving psychiatric treatment for 
conditions unrelated to idiopathic megacolon and in 
3 patients (Cases 6, 11, 12) some of the preoperative 
symptoms had been replaced by others related to — 
incontinence which were equally troublesome. Two 
of these latter patients had had a colectomy and ileo- 
rectal anastomosis within the previous year and it is 
possible that in time the symptoms of frequent loose 
stools and soiling may abate. However, both these 
patients had been in the habit of straining and had 
weakened the pelvic floor musculature to the extent 
that the sphincters were unable to cope with semi- 
solid stool. For this reason, one of us (I. P. T.) has a 
preference for colectomy and caecorectal anasto- 
mosis as the operation of choice in this condition, 
particularly when the colon is thinned. There is often 
a peculiar atonicity of the wall of the colon and rectum 
at operation. 

It has been noticed in follow-up that some of the 
patients with either an ileorectal or caecorectal anas- 
tomosis have brief attacks of painful distension. This 
is overcome by the passage of flatus, if necessary 
initiated by suppositories or a flatus tube. This perhaps 
suggests an inadequacy on the part of the intestine in 
overcoming sphincteric tone. 


Conclusion 

Idiopathic megacolon was straightforward to diagnose 
but the results of medical treatment were poor. The 
reason for this is probably our ignorance concerning 
the pathogenesis rather than any obvious mismanage- 
ment. The results of surgical treatment were more 
promising. Until a better understanding of this con- 
dition arises the management must be aimed at relief 
of symptoms either by conservative means or, if this 
fails, by colonic resection. However, it is important to 
realize that if rectal inertia (dyschezia) is present the 
rectum must be kept empty and that laxatives, which 
force more and more faeces into the rectum which is 
not regularly emptied, may do more harm than good 
and perhaps lead to a cathartic colon. The rectum 
can only be emptied by voluntary effort, suppositories 
or enemas. 








Adult Hirschprung’s disease 


IAN P. TODD* 


SUMMARY 

Hirschprung’s disease (aganglionosis) in the adult is a 
rare condition but needs to be considered as a diagnosis 
in any case of intractable constipation. A series of 35 
cases of probable aganglionosis seen at St Mark’s 
Hospital since 1954 is reviewed. Diagnosis is discussed 
and operative management evaluated. 


SINCE 1954 35 cases of probable adult aganglionosis 
have been seen at St Mark’s Hospital with a variety of 
problems. Some had had treatment elsewhere; some 
had had adequate operations at children’s hospitals 
and attended for follow-up; several had had inade- 
quate procedures. Twenty-six cases with proved 
histology (Fig. 1) are presented here. 

Only 3 patients were referred directly by general 
practitioners, the remainder were referred by hospital 
consultants—medical and surgical. Even though the 
average age was 28 years when first seen at St Mark’s 
(range 17-62 years), almost all patients had had 
symptoms since birth. Only 2 gave a history of less 
than 5 years. Almost one-half of this group had had 
multiple operations elsewhere before referral. The sex 
incidence was 7 females to 19 males. 


Symptoms and signs 

All patients were severely constipated—one patient 
had had no bowel action for more than a year. About 
one-half complained of attacks of distension. These 
symptoms were confirmed on physical examination 
which was otherwise rather non-contributory. In only 
3 was it noted that the ribs were splayed. The rectum 
was not found to be universally empty. It is significant, 
however, that none of the patients was soiling and the 
dnal canal and lower rectum did not appear to be 
dilated in quite a number of cases, suggesting the 
aiagnosis. 


Investigation 

A barium enema was carried out in all but 2 of the 
patients and was abnormal in all but 4 of these. In 11 
there was a narrowed segment shown, suggestive of 
Hirschsprung’s disease. However, previous surgery 
invalidated some of the findings and not all radiol- 
ogists had taken the essential lateral film of the rectum 
(Fig. 2). Physiological studies were carried out in the 
10 most recent cases. The internal sphincter failed 
consistently to relax in response to rectal distension. 
If a full-thickness rectal biopsy was taken, it was con- 
sidered positive if no ganglion cells were shown and 
the submucosal nerves were abnormal; 12 cases were 
proved by this means preoperatively, but it is now a 
routine practice in all suspected cases. 


Management 

In the earlier cases a variety of operations was carried 
out. A low anterior resection was used in 3, similar to 
the State procedure (State, 1963), with satisfactory 
results. Three had abdomino-anal pull-through pro- 
cedures, similar to the Soave operation (1964)—2 have 
poor results and 2 are impotent. Two had a colectomy 
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and ileorectal anastomosis—one result is satisfactory. 
However, it is now our very definite preference to use 
the modified Duhamel operation (1965). In this opera- 
tion the rectum is amputated at or just below the 
peritoneal reflection and closed. A tunnel is then made 
in the midline posteriorly, by mobilizing the rectum 
forwards from the presacral fascia, down to the tip 
of the coccyx. A perineal operator has in the meantime 
made a transverse cut through the posterior half of 
the circumference of the upper anal canal, deepening 
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Fig. 1. Resected specimen showing aganglionic segment, 
coned segment and megacolon. 
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Fig. 2. Lateral radiograph of rectum showing narrowed 
segment with overhanging megacolon. 





* St Mark’s Hospital, London. 


312 lan P. Todd 

it through the internal sphincter and then dissecting 
upwards in the intermuscular plane until above the 
levators he meets the abdominal operator. A ganglionic 
portion of colon previously prepared is then pulled 
through. Its posterior margin is sutured to the lower 
edge of the anal canal opening. Clamps are then 
placed on the adjoining anterior wall of the colon and 
posterior wall of the rectum to crush the spur or 
common wall or it is divided with a stapler. Fourteen 
of these operations have been done at St Mark’s and 
the results are all excellent. Most patients now have 
1-2 stools a day; none has more than 4 and one 
patient, who initially became impacted twice in the 
rectal pouch owing to a rather long septum, now has 
actions twice a day, and another patient has an action 
every other day. In one patient the Martin (1968) 
modification of the Duhamel! procedure was used with 
an excellent result. In this modification, instead of 
closing the rectum it is anastomosed to the anterior 
wall of the pulled-through colon so that no blind 
pouch exists. 

Two earlier cases had a preliminary proximal 
colostomy and 2 came with a colostomy already 
established. In most other cases a covering tube 
caecostomy was carried out which on all occasions 
closed itself spontaneously, suggesting that the agan- 
glionic obstruction must have been adequately 
removed. The author favours this operation and has 
used it successfully several times at St Bartholomew’s 
Hospital also. There have been no major postoperative 
problems, even though gross soiling occurred on one 
occasion as the bowel was being sutured. Two of the 
patients occasionally soil but each considers the 
operation a success. All the remaining cases (12) have 
complete continence. 

Several children (not included here) have been 
treated for a previous inadequate Swenson operation 
by the modified Duhamel procedure with gratifying 
results. These operations are well described in most 
modern books of operative surgery (Maingot, 1974; 
Goligher, 1975; Robb and Smith, 1977). 


Conclusion 
In the St Mark’s Hospital series of adult megatolon 
cases a considerable proportion has been found to 
have Hirschsprung’s disease. In some, the diagnosis 
was made in infancy but for various reasons symp- 
toms had recurred. In others, no previous diagnosis 
had been made but most had had long periods of 
constipation. Presumably these patients had segments 
of aganglionosis which for some reason were less 
obstructive and it was only with time that the proximal 
ganglionic colon became decompensated. There are 
no obvious signs of the disease and the diagnosis is 
most surely made by a full-thickness rectal biopsy 
taken from just above the anorectal ring. Barium 
enema X-ray may be helpful provided a lateral view 
of the rectum is obtained. Physiological studies, if 
available, are also diagnostic in the form of an anal 
sphincteric pressure profile. 

The operation of choice is undoubtedly the modified 
Duhamel procedure. The results of this are excellent, 
both as regards bowel function and continence. 
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Organic constipation in adults 
BARBARA SMITH, ROGER H. GRACE AND IAN P. TODD* 


SUMMARY 

- Four cases of non-Hirschsprung megacolon in adults are 
presented. The histology of the myenteric plexus suggests 
that this may be an anomaly of development. 


INTRACTABLE constipation due to myenteric plexus 
failure, which is not Hirschsprung’s disease, is a rare 
but genuine entity. The four cases described here had 
suffered considerable disability for some years before 
resection and the histology of.the bowel showed 
neurological deficiency. 


Case reports 

Case 1: In June 1974 a woman of 41 was admitted with con- 
stipation of many years’ duration with attacks of abdominal 
colic which were becoming more frequent and of increasing 
severity. Bowel actions occurred every 2 weeks but she had 
resorted to regular enemas to relieve symptoms. More recently 
spurious diarrhoea with mucus and froth had recurred. Visible 
peristalsis was present. 

A full-thickness rectal biopsy revealed normal ganglion 
cells. An anal stretching under anaesthesia did not improve 
the condition and a colectomy and caecorectal anastomosis 
was carried out. The whole colon and rectum appeared thin- 
walled and atonic. 

One year after operation she was having bowel actions 1-3 
times a day (usually twice) without laxatives, but still suffered 
some minor bouts of lower abdominal pain and distension. 

The pathology report stated that there was melanosis coli 
and a marked reduction of normal argyrophil cells. Many 
neuroblasts were present but there was no schwannosis. 


Case 2: In July 1973 a girl aged 18 was admitted as an emer- 
gency with the diagnosis of rectal prolapse. Her general 
practitioner stated that one foot of bowel had prolapsed, but 
the bowel had returned spontaneously before she reached 
hospital. A subsequent barium enema showed a large sigmoid 
colon but after this she was lost to follow-up. She was seen by 
one of us (R. H. G.) as a further emergency in March 1974 
with lower abdominal pain and abdominal distension for 1 
week. A plain abdominal X-ray showed a large colon full of 
faeces. Her symptoms settled rapidly after a successful enema. 
At this time she gave a history of recurrent episodes of con- 
stipation with abdominal pain since she was aged 12, although 
she had never taken any aperients until 1973. A further 
barium enema showed marked dilatation of the rectum, 
sigmoid and left colon, but the transverse colon was apparently 
of normal calibre. A full-thickness rectal biopsy showed the 
presence of ganglion cells. Because she continued to complain 
of recurrent episodes of abdominal pain associated with 
constipation, laparotomy was performed in October 1974. At 
operation her whole colon was found to be dilated. Total 
colectomy with ileorectal anastomosis was performed, with 
ileorectal rather than a caecorectal anastomosis in view of the 
hugely dilated caecum. Postoperative progress was uneventful 
and subsequently this patient has had no further episodes of 
abdominal pain or abdominal distension; she now opens her 
bowels twice a day. 

The pathology report stated that there was an increase in the 
bulk of the muscle coats. Occasional normal argyrophil 
ganglion cells were present but most neuronal nuclei were 
small and dark without nucleoli and with no visible chromatin 
structure, The cytoplasm was ballooned and there were no 
stainable processes. There was no schwannosis. 


Case 3: A woman aged 40 was admitted as an emergency in 
June 1975 with a story of difficulty with defaecation since 
infancy. She had been investigated as a child but no diagnosis 
had been made and she had taken laxatives for a very long 


time. She had been further investigated in another hospital in 
1968, where she was told that she had a large colon. Until 3 
or 4 years before admission she had managed on purgatives 
and enemas but during this time her symptoms had become 
progressively worse. Before the emergency admission she had 
not opened her bowels for 2 weeks. 

Her bowel was cleaned with enemas and castor oil and a 
subsequent barium enema showed megarectum with a large 
sigmoid colon. The rest of the colon looked normal. A full- 
thickness rectal biopsy showed no ganglion cells but normal 
nerve fibres were seen. 

In September 1975 a total colectomy with caecorectal 
anastomosis was performed. The colon and rectum were thick- 
walled and the sigmoid colon was particularly enlarged. Post- 
operative progress was slowed by some dilatation of the rectal 
stump and caecal remnant. After this had been deflated with a 
sigmoidoscope, she continued to open her bowels without 
difficulty. Four months later she was having well-formed 
bowel actions once a day. 

The whole colon was received by the pathologist and showed 
thickening of the muscle coats. The histology was the same 
as in Case 2. 


Case 4: This boy, aged 16, had originally presented in a 
paediatric outpatient department at the age of 6 with a story of 
being constipated since birth and with overflow incontinence 
since he was 3. During the next 10 years he was treated with a 
variety of aperients in increasing amounts and later by enemas; 
he had been admitted to hospital for ‘bowel training’ on more 
than one occasion, but his symptoms had always returned. 
At various times he had also complained of abdominal pain 
and during these 10 years’ attendance in the outpatient depart- 
ment a constant theme ran through the notes suggesting that 
he was a ‘difficult boy’ who refused to cooperate and his 
problems were probably psychological. In March 1974 he 
presented to one of us (R. H. G.) with a story of virtually 
being permanently incontinent and only opening his bowels 
after a weekly enema from the district nurse. On examination 
he was fit, his abdomen was not distended, but his sigmoid 
colon was palpable. His underclothes were soiled and his 
rectum impacted with faeces. After preparation a barium 
enema showed a dilated rectum but the rest of the colon 
appeared normal. A full-thickness rectal biopsy showed no 
ganglion cells though normal nerve fibres were present. In 
August 1974 a laparotomy was performed, revealing a 
thickened dilated rectum with a thickened sigmoid colon. A 
Duhamel procedure was performed with resection of part of 
the sigmoid colon and upper rectum. Postoperative progress 
was uneventful and in August 1976 he remained well, with no 
further incontinence or abdominal pain and opening his bowels 
twice a day. 

The sigmoid colon was received by the pathologist and the 
reported histology was the same as in Case 2. 


Discussion 

Constipation is such a common complaint, and is so 
often functional, that patients have great difficulty in 
persuading their doctors of their need for anything 
more than a change of laxative. However, a small 
group of cases exists in which this constipation is due 
to a lesion of the myenteric plexus that may be con- 
genital or acquired. 

The normal myenteric plexus contains ganglia con- 
nected by a network of nerve trunks. Each ganglion 
contains argyrophil and non-argyrophil neurons, the 
former being responsible for coordinated ongoing 
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peristalsis. If a sufficient number of these argyrophil 
neurons are congenitally absent or destroyed, peri- 
stalsis will be impaired, and if this occurs in the colon, 
there will be severe constipation that will not respond 
to purgatives. 

The causes of acquired damage to the myenteric 
plexus are usually apparent from the history. Chagas’s 
disease is due to a trypanosome which destroys the 
nerve cells. Neurotoxic drugs such as antineoplastic 
agents and anticholinergic drugs such as tranquilizers 
produce constipation because they impair neural 
function, sometimes irreversibly. The megacolon that 
occurs in mental hospitals may well be due to chlor- 
promazine. This acquired neural damage is accom- 
panied by hyperplasia of the Schwann cells, or 
schwannosis, which is analogous to the gliosis occur- 
ring in the central nervous system in response to insult. 

The four cases described here do not show schwan- 
nosis or acquired neuronal damage. The neurons are 
very abnormal. In Case 1 they are represented in some 
ganglia by neuroblasts, without any visible cytoplasm. 
The other three cases show similar histology. The 
neurons have small, atypical nuclei and no stainable 





processes. Thus they cannot perform their function 
of transmitting information from one ganglion tò the 
next to produce organized peristalsis. Neurons with 
similar histological appearances have been seen in a 
genetically determined condition of complete peri- 
staltic failure throughout the alimentary canal (Tanner 
et al., 1976). This disease is incompatible with more 
than a few months of life and is assumed to be a 
failure of maturation of the myenteric plexus. 
Clinically these patients have a long history of con- 
stipation, probably extending back into childhood and 
getting worse as they grow older. This progress of 
symptoms also occurs in some cases of Hirschsprung’s 
disease, where the contracted segment is very short. 
Once symptoms have become severe, colonic resection 
is the only treatment of any value. The results are 
good apart from moderate frequency of bowel actions. 
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There was anacknowledged 
| need especially in Plastic Surgery 
for a cutting needled suture 
capable of setting a new 
| standard in smooth penetration 
| of skin. The specifications were 
de — | drawn up for a fine diameter 
needle with longer, specially honed cutting edges for smooth 
penetration and a wider flatting area for improved control 
in all types of needle holder. We called it the SLIM BLADE 
needled suture and provided a range of 
presentations to meet 
differing preferences for suture 
material. SLIM BLADE 
needled sutures are now 
widely acknowledged as the 
premier sutures in many 
branches of surgery where an 
aesthetically acceptable scar 
is a prime consideration. 


MEETING THE CHALLENGE 
Suture requirements and 
wound closure techniques are | 
constantly subject to re-evaluation fe a Thee 
and change. At ETHICON* we are very muchi a mgt af a 
process and welcome the challenge it offers. We put our 
considerable research, development and manufacturing 
resources to work to produce still better needle designs and 
suture materials. 
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Modern methods reveal the size of the 
problem 

Sophisticated laboratory techniques now 
show the true incidence of anaerobic 
infections. Increasingly, these organisms 
are isolated from clinical specimens, ! and 
are implicated in a wide variety of 
infections.*- 


‘FLAGYL’ is the dependable answer 

Free from the problems associated with 
other agents in this field (eg chloram- 
phenicol) and, unlike penicillin, active 
against both sporing and non-sporing 
forms — ‘Flagyl’ is bactericidal to most 
of the clinically important, obligatory 
anaerobes.’ ‘Flagyl’ has been used 
successfully in the following conditions: 
pelvic,4 intra-abdominal and post- 
operative? infections, brain abscess® 
septic thrombophlebitis? and necrotizing 
pneumonia.® 


Positive benefits to the hospital unit 

=o. it may be concluded that the 
prophylactic use of metronidazole 
(‘Flagyl’) in the test group resulted in a 
saving to the N.H.S. of almost £2,000... 
prevention of anaerobic infection enabled 
the gynaecological ward to handle an 
additional 26 major surgical cases each 
year. 4 
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of anaerobic infections 


Backed by an unrivalled reputation 
‘Flagyl’ has an outstanding record of 
efficacy and safety in over 15 years of 
clinical experience. It is now firmly 
established in the treatment of urogenital 
trichomoniasis, amoebiasis, giardiasis and 
acute ulcerative gingivitis. 
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Prevention of wound sepsis in gastro-intestinal surgery 


M. R. B. KEIGHLEY* 


SUMMARY 

After gastro-intestinal operations wound infection is 
usually caused by the inoculation of bacteria present 
within the intestinal tract into the incision during the 
surgical procedure. In theory, wound sepsis may be 
minimized by the following methods: (a) avoiding 
intestinal contamination of the incision; (b) altering the 
normal flora of the intestinal tract by adding oral 
antimicrobials to bowel preparation; (c) using topical 
or systemic prophylactic antibiotic administration for 


certain high-risk patients. The relative importance of 


these methods of prophylaxis is described. 

Wound sepsis 

Incidence and definition 

Wound sepsis has been defined as the presence of pus 
in the wound which either has spontaneously dis- 
charged or has had to be released by removing sutures 
and opening the incision (National Research Council, 
1964). Such a rigid definition excludes stitch abscess 
and erythema around the incision, a fact that has 
inevitably led to discrepancies in the reported incidence 
of wound infection. Furthermore, only prospective 
reports can be relied upon with certainty, in that 
retrospective surveys depend either upon the diligence 
of the house officer’s postoperative notes or upon 
nursing records, both of which are notoriously 
unreliable (Davidson et al., 1971b). For these reasons, 
there is much to recommend having a nurse-epidemi- 
ologist on surgical units to audit the incidence of 
wound infection (Polk, 1975). 


Pathogenesis 

After gastro-intestinal surgery wound infections are 
nearly always caused by intestinal organisms being 
released and disseminated into the incision during the 
operation (Jackson et al., 1971). From a study of 1000 
general surgical operations, Davidson and his col- 
leagues (1971a) clearly showed that the most important 
factor in the pathogenesis of wound sepsis was the 
presence of bacteria in the incision at the time of 
wound closure (Table 1). The degree of contamination 
is also important (Cruse and Foord, 1973; Table J). 
Wound sepsis is related therefore to two factors: first, 
the degree of contamination by intestinal contents, 
and secondly, the density and type of bacterial flora 
in the intestinal tract. 


Bacterial flora of the gastro-intestinal tract 
Ovcesophagus and stomach: Under normal circumstances 
resident flora are absent from the oesophagus, but 
large numbers of oral commensals and coliforms are 
found in patients with oesophageal obstruction 
(Condon, 1975). In that gastric acid rapidly kills 
swallowed organisms, gastric aspirates are either 
sterile or contain only small numbers of commensals 
(Fullen et al., 1972; Belzer et al., 1973). By contrast, 
stomach contents become heavily contaminated with 
coliforms and streptococci in patients with pyloric 
stenosis and in hypochlorhydric patients with gastric 
carcinoma. 


Table 1: PATHOGENESIS OF WOUND SEPSIS: 
INCIDENCE OF WOUND INFECTION RELATED TO 
CONTAMINATION DURING OPERATION* 


No. Sepsis yA 
l. Clean 18 090 329 1-8 
2. Potentially contaminated 4106 367 8-9 
(gastro-intestinal tract opened) 
3. Actually contaminated 770 166 21°5 
(abdominal cavity soiled) 
4. Dirty (operations in the 683 262 38-3 


presence of pus) 
* Cruse and Foord, 1973. 


Table H: HIGH-RISK FACTORS IN BILIARY 
SURGERY (MULTIVARIATE ANALYSIS)* 
Incidence of 
organisms in 


Factor the bile (%) 
1. Previous biliary operation 100 
2. Emergency operation 94 
3. Stones in the bile duct 86 
4. Rigors within 1 week of operation 72 
5. Jaundiced at operation 66 
6. Bile duct obstruction 63 
7. Age over 70 years 53 
8. Operation within 4 weeks of acute admission 49 


* Keighley et al, 1976c. 


Biliary tract: Bile is usually sterile in patients with a 
normal biliary tract (Cseudes et al., 1975), but there is 
a 30-50 per cent incidence of bacteria in the bile in 
patients undergoing operations for biliary disease 
(Edlund et al., 1958; Keighley et al., 1975b). A multi- 
variate analysis reported by this author and his 
colleagues demonstrated that biliary infection was 
significantly more common if one of the following 
factors was present: (a) previous biliary surgery; 
(b) emergency operation; (c) stones in the bile duct; 
(d) recent rigors; (e) jaundice at operation; (/) bile 
duct obstruction; (g) age over 70 years; (A) operation 
within 4 weeks of an emergency admission for biliary 
colic, cholecystitis or jaundice (Table II). Patients who 
are particularly at risk are those who are elderly and 
have choledocholithiasis (Keighley et al., 1976c). Most 
of the bacteria in the bile are aerobic: either Gram- 
negative bacilli, particularly Escherichia coli and 
Klebsiella aerogenes, or Gram-positive cocci of which 
Streptococcus faecalis is the most common. Anaerobic 
bacteria are infrequent: most are clostridial or anaer- 
obic streptococci and the genus Bacteroides is very 
rarely found in the bile (Keighley, 1976). The majority 
(62 per cent) of patients with biliary sepsis have more 
than one organism present; frequently three or even 
four different types of organism are found together. 

Small intestine: Under normal circumstances the upper 
jejunum contains only small numbers of coliform 
organisms in concentrations of less than 10° organisms/ 
ml (Bornside et al., 1966; Drasar et al., 1969). By 
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Table HI: EFFECT OF ORAL ANTIMICROBIALS 
WITH BOWEL PREPARATION ON WOUND SEPSIS 
AFTER COLORECTAL SURGERY 


Sepsis in 
treated Sepsis in 
cases controls 
Author Antibiotics No. (% (%) 
Barker et al, Colistin + 100 32 38 
1971 phthalyl- 
sulphathiazole 
Everet et al., Neomycin 29 «62 56 
1968 
Goldring et al, Kanamycin-+- 50 8 44* 
1975 metronidazole 
Nichols et al, § Neomycin+ 20 0 30 
1973 erythromycin 
base 
Sellwood et al, Neomycin + 35 21 62* 
1969 bacitracin 
Washington Neomycin +- 128 5 43* 
et al., 1974 tetracycline 


* Significant difference. 


contrast, the numbers of aerobic and anaerobic 
bacteria in the terminal ileum usually exceed 10° 
organisms/ml (Nichols et al., 1971). However, much 
higher counts are found in patients with small intestinal 
obstruction (Sykes et al., 1976). 

Appendix, colon and rectum: The most numerous 
bacteria in the large bowel and appendix are the 
anaerobes, particularly Peptostreptococcus spp., Lacto- 
bacillus spp., Clostridium welchii and Bacteroides spp. 
The latter are particularly important. The number of 
anaerobes usually exceeds the aerobic micro-organisms 
by a factor of 10000. The most numerous aerobic 
bacteria are Szr, faecalis, Staphylococcus spp. and 
E. coli (Nichols and Condon, 1971). Though there is 
an increase in the number of bacteria in the small 
bowel in patients with small intestinal obstruction, we 
have not observed a comparable increase in faecal 
flora amongst patients with large bowel obstruction. 


Prevention of wound sepsis 


Reduction in the number of bacteria in the intestine 

Mechanical preparation of the colon: Some form of 
mechanical preparation is desirable in all patients 
undergoing elective colorectal surgery. Unless solid 
faeces are effectively removed from the bowel the 
density of the bacterial flora is unlikely to be reduced. 
Even so, Nichols and his colleagues (1972) have shown 
that a standard mechanical bowel preparation with 
enemas and purgatives had little influence on the 
density of colonic microflora. Furthermore, the 
technique is time-consuming for the nursing staff and 
requires expensive time in hospital. Other methods of 
bowel preparation that do not require a long pre- 
operative admission are elemental! diets or whole bowel 
irrigation. Elemental diets may reduce the number of 
bacteria in the colon (Winitz et al., 1970), but of 
greater importance is their value in maintaining 
adequate preoperative nutrition (Glotzer et al., 1973). 
The technique of whole bowel irrigation has been 
advocated recently by Hewitt and his colleagues (1973). 
An electrolyte solution is perfused through a naso- 
gastric tube on the day before operation at a rate of 
41/h and is continued until the material passed per 
rectum is entirely free of faecal material. Whole bowel 
irrigation thus allows the patient to take a normal diet 
until the day before operation, avoids the use of 


repeated enemas and minimizes the length of pre- 
operative hospital stay. In our experience, provided 
the colon is not obstructed, the method results in 
impeccable bowel preparation (Crapp et al., 1975). 
Despite excellent mechanical preparation with whole 
bowel irrigation, this technique rarely reduces the 
numbers of bacteria in the colon. 

Use of intraluminal antibiotics in bowel preparation: 
Oral antimicrobials are commonly used in combina- 
tion with mechanical preparation before colon surgery. 
Phthalylsulphathiazole, a sulphonamide which is 
poorly absorbed from the colon and commonly used 
for bowel preparation, will reduce the numbers of 
coliform bacilli in the bowel; nevertheless, there are 
many other intestinal bacteria which are unaffected by 
this antimicrobial (Poth, 1963). Antibiotics shown to 
be most effective in reducing the aerobic bacteria from 
the colon are neomycin (Deering and Needham, 1963) 
or kanamycin (Cohn, 1962). None of the antimicrobials 
mentioned so far, however, influences the anaerobic 
flora of the colon. It is hardly surprising therefore to 
find that most of the earlier clinical trials (Table HD 
failed to demonstrate a reduction in postoperative 
sepsis when antibiotics were added to bowel prepara- 
tion (Gaylor et al., 1960; Grant and Barbara, 1964; 
Everet et al., 1969; Barker et al., 1971). 

There are certain oral antimicrobials—erythromycin 
base (Nichols et al., 1973), tetracycline (Kislak, 1972) 
and metronidazole (Willis et al, 1976)—which are 
effective against Bacteroides fragilis and which will 
reduce the number of these bacteria in the colon. 
Furthermore, all of these antimicrobials when used in 
combination with either neomycin or kanamycin have 
been shown to reduce significantly the incidence of 
wound sepsis in colorectal surgery (Nichols et al., 
1973; Washington et al., 1974; Goldring et al., 1975). 


Avoidance of bacterial contamination 
Operative technique: Avoiding contamination of the 
wound and peritoneum by the intestinal contents is an 
essential principle in the prevention of sepsis in gastro- 
intestinal surgery. Hughes (1972) stressed the impor- 
tance of isolating the site of anastomosis from the rest 
of the abdominal cavity with packs, discarding all 
dirty instruments and changing gowns and gloves 
before wound closure. It is equally important to 
achieve adequate haemostasis and avoid haematomas 
(Dineen, 1975), which may be minimized by the use of 
closed suction drains. Both clinical and experimental 
studies indicate that intestinal anastomosis should be 
performed with inverting sutures (Goligher et al., 
1970; Irvin and Goligher, 1973; Matheson and 
Irving, 1975) and without tension on the suture line. 
There is a high incidence of sepsis in the perineum 
after proctectomy, particularly in patients in whom the 
rectum is breached or those who receive steroids for 
inflammatory bowel disease. Primary closure of the 
perineum over suction drains has been shown to 
minimize the length of hospital stay after abdomino- 
perineal excision provided there is no faecal contamina- 
tion of the operation site (Broader et al., 1974). In 
contaminated wounds it is advisable to undertake 
delayed primary closure of the perineal and adbominal 
incision. 
Wound guards: Raahave (1976) studied the value of 
skin protectors and wound drapes as a means of 
preventing contamination of the incision. He found 
that there was no reduction in the bacterial flora when 
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The Perfect Imitation 


Vamin Intralipid 
The amino acid solution closely The isotonic fat emulsion derived 


resembling W.H.O. egg protein standard. from soya beans. 
The complete amino acid solution The most concentrated, safe, source 


containing all 18 essential.and non- : of energy available for nutrition. 
essential L-form amino acids. 


Simultaneous infusion of Intralipid and Vamin is the complete way to fulfil metabolic 
needs, maintain positive nitrogen balance and establish a good nutritional state. 


<abiVitrums© IN 
abiVitrum Ltd., Bilton House, WNW 
xbridge Road, Ealing, London W5 2TH. Telephone 01-567 4717. V A i i | N 


ull prescribing information available on request. 








Fybranta in diverticular disease 


In a recent clinical trial published in the British 
Medical Journal* a comparison was made between 
three forms of treatment for patients with sympto- 
matic diverticular disease. The authors concluded 
from this study that Fybranta Tablets are more 
effective than a high-residue diet or a bulking agent. 


Fybranta did not merely improve the symptoms, the 
paper states that Fybranta also normalized the 
pathophysiological changes which diverticular 
disease brings about. 


Fybran 


60% ofthe patients were entirely symptom free after 
only one month onthe Fybranta regime. In addition, 
in all patients stool weight increased significantly; 
transit time was reduced by nearly a half and intra- 
colonic pressure wasreducedtowithin normal limits. 


Fybranta tablets are easily carried when the patient 
cannot eat at home. Chewed with a drink, they sup- 
ply a day's cereal fibre in a highly acceptable form. 
Each tablet contains: Bran 2g. 


* Brit med J (1976) 1, 989-990. 
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Full prescribing information on request from: Norgine Limited, 59-62 High Holborn, London WC1V 6EB 
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skin protectors were used in clean wounds. On the 
other hand, there was an impressive reduction in the 
density of endogenous bacteria in potentially con- 
taminated wounds protected with plastic drapes. In 
spite of these findings, two clinical studies have failed 
to show any reduction in sepsis when using wound 
guards as compared to leaving the wound edges 
exposed (Lilly et al., 1970; Alexander-Williams et al., 
1972). 


Prophylactic chemotherapy 

Principles: Undiscriminant prophylactic antibiotic 
administration has been condemned because of the 
fears of inducing antibiotic-resistant organisms. 
Moreover, the use of unnecessary antibiotics will add 
to the risk of complications such as hypersensitivity 
reactions, superinfection and toxicity (Garrod, 1972). 
Certain broad spectrum antibiotics may cause over- 
growth by staphylococci or candida, particularly 
amongst patients receiving immunosuppression 
therapy or steroids. Resistant bacteria are likely to 
emerge in patients who are receiving prolonged anti- 
biotic therapy or topical antibiotic sprays (Gilmore and 
Sanderson, 1975a) and in patients who are prescribed 
inadequate doses of antibiotic. The correct dose of 
antibiotic is one that achieves a peak serum concentra- 
tion at least four times greater than the minimum 
inhibitory concentration of those organisms likely to 
be present in the gastro-intestinal tract. Evans and 
Pollock (1973) have advised a single dose of a paren- 
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Table IV: CHOICE OF SYSTEMIC ANTIBIOTIC 
AGAINST GASTRO-INTESTINAL OQRGANISMS* 

Antibiotic of Alternative 
Infecting organism first choice antibiotic 
Gram-positive cocci 
Staphylococcus aureus Benzylpenicilin Cephalothin 
(non-penicillinase 
producer) 
Staph. aureus Cloxacillin/ Cephalothin 
(penicillinase producer) methicillin 
Haemolytic streptococci Benzylpenicillin Erythromycin 
(Lancefield groups A 
and B) 
Enterococci Ampicillin or Vancomycin 
benzylpenicillin 
-+ gentamicin 
Gram-positive bacilli 
Clostridium perfringens Benzylpenicillin Erythromycin 
Cl. tetani Benzylpenicillin Erythromycin 
Gram-negative bacilli 
Salmonella typhi Chloramphenicol Ampicillin 
Escherichia coli Gentamicin Cephalothin 
Klebsiella spp. Gentamicin Cephalothin 
Enterobacteria Gentamicin Kanamycin 
(Serratia) 
Proteus mirabilis Gentamicin Cephalothin 
Pseudomonas aeruginosa Carbenicillin + Tobramycin or 
gentamicin colistin 
sulphate 
Bacteroides Lincomycin or Erythromycin 
clindamycin or 
tetracycline 


terally administered bactericidal antibiotic to high- 
risk patients immediately before operation. 

Drugs with potentially serious side-effects should be 
avoided. Lincomycin and clindamycin should probably 
be reserved for high-risk patients unless specifically 
indicated because of the dangers associated with 
pseudomembranous colitis (Scott et al., 1973; Viteri 
etal., 1974). Similarly, because of the effect on the bone 
marrow, chloramphenicol would not be advised for 
prophylaxis. Cephalosporins are best avoided in 
patients receiving frusemide because of the risks of 
precipitating renal failure (Wise, 1974). Aminogly- 
cosides should also be used sparingly in the elderly if 
ototoxicity is to be avoided (Reeves, 1974). It has also 
been suggested that prophylactic antibiotic cover may 
increase the risk of local neoplastic recurrence 
following resections for colorectal cancer (Vink, 1954; 
Cohn and Atik, 1961; Herter and Slanetz, 1968). 
However, recent evidence has failed to substantiate 
these earlier suggestions (Hughes, 1972). 

Prophylactic antibiotics should be given immediately 
before or during the operation. Under experimental 
conditions, antibiotics have been shown to be effective 
only if given within 4 hours of inoculating bacteria into 
a wound (Burke, 1961). Adequate concentrations of an 
appropriate antibiotic must therefore be present at the 
time the organisms are actually introduced into the 
wound and the antibiotic should reach the tissues 
before the multiplication of bacteria is associated with 
necrosis. In accordance with these findings, clinical 
trials have failed to demonstrate any influence on 
wound sepsis with postoperative antibiotic therapy 
(McKittrick and Wheelock, 1954; Sanchez-Ubeda et 
al., 1958; Barnes et al., 1959). 

The choice of antibiotic will depend upon the patho- 
genic organisms likely to be present in the gastro- 
intestinal tract (Table IV). For operations on the 
small intestine and gallbladder, antibiotics which are 


* Forgan-Smith, 1975. 


effective against streptococci and coliforms should be 
used, such as penicillin and an aminoglycoside or a 
cephalosporin. In colorectal surgery it is necessary also 
to provide cover against the non-sporing obligatory 
anaerobics by employing metronidazole, clindamycin 
or lincomycin. 

Prophylactic antibiotics should therefore be reserved 

for high-risk situations (Keighley and Crapp, 1976b). 
These should include all patients undergoing emer- 
gency gastro-intestinal operation. Prophylaxis should 
also be used in patients with gastric or oesophageal 
obstruction. The high-risk patients (already listed) 
undergoing biliary surgery deserve preoperative anti- 
biotics. Alternatively, patients who require anti- 
biotics during biliary surgery can be selected by the 
observation of organisms on immediate Gram stains 
of bile at operation (Keighley et al., 1977). All patients 
undergoing elective bowel surgery deserve either 
preoperative antibiotic bowel preparation or short 
term systemic antibiotic cover, particularly in situa- 
tions such as intestinal obstruction where preoperative 
preparation is impossible (Condon, 1975). 
Practice: Topical antiseptics have been used on account 
of the dangers of inducing skin sensitivity and bacterial 
resistance with topical antibiotics. Clinical trials have 
failed to demonstrate any reduction in wound sepsis 
using chlorhexidine or noxytiolin compared with 
controls (Crosfil et al., 1969; Bird et al., 1971; Stoker 
and Ellis, 1971), By contrast, povidone-iodine was 
shown to reduce sepsis significantly in contaminated 
wounds (Gilmore and Sanderson, 1975b) and follow- 
ing appendicectomy (Gilmore et al., 1973), but 
Pollock and Evans (1975) have demonstrated that 
topical cephaloridine is more effective than povidone- 
iodine in reducing wound sepsis. 
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Table V: EFFECT OF TOPICAL ANTISEPTICS AND ANTIBIOTICS IN 





je 


WOUND SEPSIS 


Sepsis in Pa 
No. treated Sepsis in 
of cases controls 
Author Type of operation Agent cases (%) (%) 
Antiseptics 
Bird et al., 1971 Appendicectomy Noxytiolin 148 34 30 
Crosfil et al., 1969 All Chlorhexidine 282 13 12 
Fielding et al., 1965 All Polybactrin* 851 7 9 
Gilmore et al, 1973 Appendicectomy Povidone-iodine* 253 8 18+ 
Gilmore and Sanderson, 1975b All Povidone-iodine* 144 9 24F 
Pollock and Evans, 1975 All Povidone-iodine* 192 18 St 
Cephaloridine 
Stoker and Ellis, 1971 All Noxytiolin 58 40 9t 
Ampicillin 
Antibiotics 
Andersen et al., 1972a Appendicectomy Ampicillin 490 4 17* 
Andersen et al., 1972b Colorectal Ampicillin 240 3 18+ 
Bates et al., 1974 Appendicectomy Ampicillin 200 3 16+ 
Brockenbrough and Moylen, 1969 All Kanamycin{ 240 10 20t 
Evans et al., 1974 All Cephaloridine 188 9 22t 
Jackson et al, 1971 All Polymixin, neomycin 704 fi 14 
-+ bacitracin* 
Longland et al., 1971 Appendicectomy Tetracycline 150 33 12 
Madsen et al., 1971 Gastric Ampicillin 64 0 25+ 
Mountain and Seal, 1970 Appendicectomy Ampicillin 70 3 4if 
Nash and Hugh, 1967 Colorectal Ampicillin 70 3 4it 
Rickett and Jackson, 1969 Appendicectomy Ampicillin 124 3 24t 
Ryan, 1967 Hernia Penicillin 6749 0-15 1-547 
Stoker and Ellis, 1972 All Ampicillin 115 7 21+ 
Penicillin and 
sulphadiazine 
* Spray. 
+ Significant difference. 
{ Irrigations. 
Table VI: EFFECT OF SYSTEMIC ANTIBIOTICS ON WOUND SEPSIS 
Sepsis in 
No. treated Sepsis in 
of cases controls 
Author Type of operation Agent cases (%) VA, 
Bernard and Cole, 1964 AH Penicillin, methicillin -+- 145 8 Pat hed 
chioramphenicol 
Chetlin and Elliott, 1971 Biliary Cephaloridine 84 4 27* 
Evans and Pollock, 1973 All Cephaloridine 762 9 15* 
Feltis and Hamit, 1967 All Penicillin, methicillin + 575 2 11* 
l chloramphenicol 
Hughes et al, 1970 Colorectal Penicilin 94 10 2 
Karl et al., 1966 All Methicillin + chloramphenicol 135 18 13 
Keighley et al., 1975a Biliary Gentamicin 98 7 22* 
Keighley et al., 1976a Colorectal Lincomycin 62 12 33* 
Keighley and Crapp, 1976at Colorectal Lincomycin-}- tobramycin 93 10 33* 
Magarey et al., 1971 Appendicectomy Ampicillin + tetracycline 325 0 5 
Polk and Lopez-Mayor, 19697 All Cephaloridine 181 7 29* 
Pollock and Tindall, 1972 All Ampicillin 349 13 14 
Stokes et al., 19747 All Lincomycin-+ tobramycin 196 i gF 


* Significant difference (P < 0-05). 
+ Short term prophylaxis. 


Topical antibiotics have been advocated in order to 
minimize complications of systemic antibiotic therapy 
(Evans et al., 1974). However, topical antibiotics are 
unlikely to influence complications such as septi- 
caemia and abdominal abscess, occurring outside the 
wound. The effects of topical antibiotics on wound 
sepsis are listed in Table V. Most of these studies 
demonstrate that there was a significantly lower 
incidence of wound sepsis in the antibiotic-treated 
patients compared with controls, even when ampicillin, 
which is ineffective against bacteroides, was used in 


colorectal operations (Nash and Hugh, 1967). The 
compounds instilled into the wound in the control 
group might therefore be suspect, particularly 
because fructose powder may actually increase the 
risk of wound sepsis (Jackson et al., 1971). 

The effects of systemic antibiotics on wound sepsis 
in gastro-intestinal surgery are listed in Table VI. 
Only properly conducted controlled trials, undertaken 
during the past 10 years using preoperative antibiotics, 
have been included. Two studies have demonstrated a 
highly significant reduction in sepsis, particularly in 
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Respiratory Distress Syndrome 
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in the early and late reversible phases of shock-lung, 40% to 80% of the alveoli may be by-passed by 
arterio/venous shunting. H uncorrected, coagulation and occlusion of the alveolar capillary beds follow, eventually 
resulting in necrosis and organ failure. Ona goal of therapy is to normalise pulmonary perfusion by 
eliminating excessive shunting (normal approx. 15%}. 
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Wound sepsis prevention in gastro-intestinal surgery 


contaminated wounds, when short term cephalo- 
sporms were used (Polk and Lopez-Mayor, 1969; 
Evans and Pollock, 1973). One or two doses of linco- 
mycin and tobramycin have also been shown to reduce 
wound sepsis in gastro-intestinal surgery (Stokes et al., 
1974; Griffiths et al., 1976). It is unfortunate that many 
of the studies have been performed amongst patients 
undergoing general abdominal surgery and have 
not been confined to specific groups in whom the 
endogenous intestinal microflora is likely to be 
comparable. 

Two clinical trials confined to patients with biliary 
disease have demonstrated a significant reduction in 
sepsis in the antibiotic-treated patients (Chetlin and 
Elliott, 1971; Keighley et al., 1975a). We have found 
gentamicin to be the most effective antibiotic against 
the Gram-negative organisms in the bile, but it has 
been argued that an antibiotic excreted into the bile 
might be more effective than gentamicin. To investigate 
this hypothesis we studied bile and serum levels of 
gentamicin compared with an antibiotic (rifamide) that 
is almost entirely excreted into the bile (Keighley et al., 
1976b). Gentamicin achieved satisfactory serum 
concentrations but inadequate bile levels. Rifamide 
failed to achieve adequate serum levels, but in most 
patients the levels of rifamide in the bile were extremely 
high. However, in the high-risk patients with obstruc- 
tive biliary disease, rifamide failed to achieve adequate 
bile or serum levels and for this reason the incidence of 
sepsis was not reduced by rifamide. We conclude that 
adequate serum concentrations of an effective anti- 
biotic are more important in biliary surgery than an 
oe excreted in high concentrations into the 

ile. 

There have been very few clinical trials to examine 
the influence of systemic chemotherapy on sepsis in 
colorectal surgery. For this reason we have studied an 
antibiotic which is known to be effective against the 
obligatory non-sporing anaerobes in bowel surgery. 
Using lincomycin we have demonstrated a significant 
reduction in sepsis because of its effect on the an- 
aerobic bacteria (Keighley et al., 1976a). We also have 
evidence that short term antibiotic prophylaxis with 
lincomycin in bowel surgery provides results which are 
comparable to 5-day antibiotic cover (Downing et al., 
1977). We were not surprised to find, however, that 
with lincomycin there was no reduction in infection 
caused by coliform organisms. For this reason we 
investigated short term antibiotic therapy with a 
combination of lincomycin and gentamicin (Keighley 
and Crapp, 1976a). Though there was a significant 
reduction in sepsis, 3 patients developed pseudo- 
membraneous colitis and 2 died. Because of these 
dangers, we now favour prophylaxis with preoperative 
bowel preparation using metronidazole and neomycin, 
reserving systemic antibiotic therapy for high risk 
patients in whom bowel preparation is not possible. 


Practical guidelines 

Wound sepsis is a common complication of gastro- 
intestinal operations. Individuals who are particularly 
at risk include: (a) patients undergoing oesophageal 
surgery for obstruction; (4) patients with achlorhydria 
or pyloric stenosis having gastric surgery; (c) all 
patients with acute intestinal obstruction; (d) elderly 
jaundiced patients with stones or strictures requiring 
exploration of the bile ducts; (e) all patients having 
operations on the colon or rectum. 
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Wound sepsis can be reduced by careful attention to 
principles of operative technique, particularly if 
contamination of the incision by intestinal contents 
can be avoided at operation. In elective colon surgery 
wound sepsis may be minimized if the numbers of 
aerobic and anaerobic bacteria in the colon are reduced 
by adding certain oral antimicrobials to mechanical 
bowel preparation. Effective combinations include 
neomycin (or kanamycin) and metronidazole. Topical 
antibiotics may reduce wound sepsis, but they do not 
influence the incidence of sepsis occurring outside the 
wound. Effective systemic antibiotic cover should aim 
to provide adequate tissue levels of an appropriate 
antibiotic at the time of operation. Although systemic 
prophylactic antibiotics will minimize wound sepsis, 
apart from causing hypersensitivity reactions and 
superinfection, they can have serious side-effects and 
will encourage the emergence of resistant bacteria 
unless used sparingly or for short periods only. 

For all high risk patients undergoing oesophageal, 
gastric or biliary operations, a single dose of penicillin 
and gentamicin, given immediately before operation, 
is advised. For patients undergoing elective colon 
surgery, neomycin and metronidazole should be added 
to bowel preparation. For patients with acute intestinal 
obstruction, however, and in patients with inflam- 
matory bowel disease where preoperative bowel pre- 
paration is unsatisfactory or unsafe, a single dose of 
lincomycin (or clindamycin) and gentamicin should be 
given immediately before operation. 
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Single dose intra-incisional antibiotic prophylaxis of 
surgical wound sepsis: a controlled trial of 


cephaloridine and ampicillin 


A. V. POLLOCK, D. J. LEAPER AND MARY EVANS* 


SUMMARY 

In a series of 410 consecutive potentially contaminated 
operations, we have compared the relative efficacy of 
intra-incisional cephaloridine and ampicillin in single 
doses of 1 g in 2 ml of water. In high risk operations 
(ileocolorectal surgery, perforated appendicitis, or 
when the patient has 2-5 cm or more of subcutaneous 
fat at the site of the incision) cephaloridine prophylaxis 
resulted in a primary sepsis rate of 14 per cent compared 
with 36 per cent for ampicillin. In all other patients the 
two antibiotics were equally effective. Secondary sepsis, 
following discharge from the wound of a substance other 
than pus, was equally common in the two groups. 


THE most important single determinant of post- 
operative primary wound sepsis in general surgical 
operations which involve incisions into hollow viscera 
is endogenous bacterial contamination during surgery 
(Pollock and Evans, 1975a). However, less than one- 
third of all contaminated wounds become septic and 
we have previously shown that the most influential 
additional factor is obesity. Appropriate aims of the 
surgeon, therefore, are to keep operative bacterial 
contamination to a minimum and then to use a potent 
antibacterial substance to reduce the risk of infection 
still further. 

One of the most widely used methods of prophylaxis 
is the intra-incisional instillation of a single dose of an 
antibiotic. In previous reports we have shown that 
cephaloridine is better than no treatment (Evans et 
al., 1974), povidone-iodine (Pollock and Evans, 1975b) 
and framycetin (Pollock and Evans, 1975a). A trial 
of cephaloridine against gentamicin showed no 
statistically significant superiority (Pollock and Rosen- 
berg, 1974). A further widely used intra-incisional 
prophylactic is ampicillin (Mountain and Seal, 1970; 
Andersen et al., 1972) and the present trial was 
planned to compare it with cephaloridine on a random 
controlled basis. 


Patients and methods 

Four hundred and twenty-three consecutive patients under- 
going elective or emergency surgery which involved incision of a 
hollow viscus were included in the trial. Allocation to receive 
either cephaloridine or ampicillin (each in a dose of 1 g in 2 ml 
of sterile distilled water instilled into the wound before 
closure) was by random numbers. The antibiotic chosen was 
determined from the next place on the list by the nurse in 
charge of the recovery room. She instructed the scrub nurse, 
who injected the appropriate solution into the wound before 
skin closure or between sutures after closure. The surgeon did 
not know which antibiotic was used. The wound was inspected 
regularly for 4 weeks, the observer remaining in ignorance of 
the method of prophylaxis. 

The only exclusions from the trial were perineal wounds for 
abdominoperineal excision of the rectum and incisions for the 
drainage of abscesses. The protocol also called for the exclusion 
of any patient known to be allergic to penicillin, but none was 
encountered, 


Primary sepsis was diagnosed when a wound discharged pus. 
It was carefully differentiated from secondary sepsis, which 
was recognized when an initial discharge of blood or serum was 
contaminated by infection from the ward environment and also 
when the wound discharged ascitic fluid, urine, bile, intestinal 
contents, pancreatic juice or faeces and subsequently became 
septic owing to auto- or cross-infection. Only if a wound 
remained completely dry was it regarded as uninfected, 
Wound sepsis was classed as either minor, or major if the 
discharge of pus was accompanied by constitutional dis- 
turbance and delay in the patient's recovery. 

Skin preparation of all patients was by 2-5 per cent alcoholic 
iodine Godine solution, weak, BP) and the surgeons and scrub 
nurses washed their hands for 2 min with 4 per cent chlorhexi- 
dine detergent solution (Lowbury and Lilly, 1974) before 
being gloved. During 316 of the 423 operations swabs were 
taken from both the inside of incised viscera and the sub- 
cutaneous tissues at the end of the operation before instilling 
the antibiotic. In 37 patients, selected at random, blood was 
withdrawn 4, 1, 2 and 4h after operation for determination of 
antibiotic concentration in the serum. 

All specimens were transported in Stuart's transport 
medium and a fragment of the mucosa of any viscus in 
Robertson’s meat medium. Aerobic cultures were on Oxoid 
No. 2 7 per cent horse-blood agar and Oxoid cystine-lactose 
electrolyte-deficient media; anaerobic culture on Oxoid No. 2 
blood agar with 100 ng/ml of neomycin sulphate in evacuated 
containers with GasPak (BBL) hydrogen-carbon dioxide 
generators. If any organisms were grown their sensitivities 
were assessed by the Multodisk method using a 10-ug disc for 
cephaloridine and a 2-ug disc for ampicillin. 

Statistical analysis of non-parametric data was by the y? 
test with Yates’ correction. Analysis of the differences in 
serum concentrations of antibiotics was by Student’s t-test. 


Results 

There were 210 patients in the cephaloridine group 
and 213 who received ampicillin, but 8 from the 
former and 5 from the latter died within 1 month of 
operation without developing wound sepsis and were 
excluded from the analysis. Allergy to or toxicity 
from either antibiotic was not encountered. Table I 
records the comparability of the patients who 
received cephaloridine with those who received 
ampicillin. There is no significant difference in any 
feature. 

The primary sepsis rate (Table I) was 8-9 per cent 
in the cephaloridine group and 15-4 per cent in the 
ampicillin group (y? = 4-38, P<0-05). The difference 
is due to the much higher sepsis rate in the colorectal/ 
ampicillin group (458 per cent compared with 
10-7 per cent; y? = 8-10, P<0-01). 

When the colon had been prepared by antimicrobial 
chemotherapy (usually a combination of phthalyl- 
sulphathiazole neomycin and tetracycline for 2 or 3 
days before operation) the sepsis rate in the ampicillin 
group was 5 out of 13 (38-5 per cent) and in the 
cephaloridine group 1 out of 21 (4-5 per cent). When 
no bowel preparation had been used the sepsis 
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Ceporin prophylaxis 
in abdominal surgery 
reduces primary wound sepsis 


In 5 trials’ involving 2,491 operations 
Ceporin was shown to significantly 
reduce the incidence of primary sepsis 
in contaminated or potentially 
contaminated wounds, when 
compared with untreated controls and 
with other antibacterials and 
antiseptics. 
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Resistance not a problem 

Ceporin has been shown not to alter 
hospital ecology of bacteria. Whereas 
between 1971 and 1974 the number of 
strains resistant to ampicillin increase 
significantly. 

1. Journal of Antimicrobial 
Chemotherapy (1975) 1, (Suppl.) 71 
2.Lancet (1975) 4, 1251 
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rates were 6 out of 11 (54-5 per cent) and 2 out of 7 
(28-6.per cent) respectively. 

In 19 of the 50 patients the sepsis appeared later 
than the tenth postoperative day and all but one of 
these infections was classed as minor. Of the remaining 
31, 9 had minor and 22 major sepsis. In addition to 
these 50 cases of primary wound sepsis, there were 19 
operations followed by discharge of a substance 
other than pus which subsequently led to a secondary 
infection: serum (6), urine (5), peritoneal fluid (3), bile 
(3) and intestinal contents (2). Eleven had received 
cephaloridine and 8 ampicillin. This difference is not 
significant. | 

Primary sepsis rate after surgical operations 
depended principally on the extent of operative 
wound contamination and on obesity—a thickness of 
subcutaneous fat of 2-5cm or more at the site of 
incision (Table HI). When patients without high risk 
factors (obesity and colorectal surgery) are considered 
separately, the difference in performance between 
cephaloridine and ampicillin disappears. Cephalori- 
dine prophylaxis resulted in a 6:5 per cent primary 
sepsis rate and ampicillin 4-4 per cent. In the high 
risk group (Table IV) the rates are 14-1 and 36-1 per 
cent, respectively (y? = 8-62, P<0-01). 


Bacteriological studies 

Among those patients in whom all cultures taken 
during operation were sterile, there was 1 case of 
primary wound sepsis out of 31 in the cephaloridine 


Table 1: COMPARISON OF THE 202 PATIENTS 
RECEIVING CEPHALORIDINE AND THE 208 
RECEIVING AMPICILLIN 

Cephaloridine Ampicillin 


group group 

Sex 

Male 108 114 

Female 94 94 
Age 

Under 60 years 117 118 

Over 60 years 85 50 
Build 

Obese 31 45 

Not obese 171 163 
Operation 

Colorectal 28 24 

Perforated appendix 6 9 

Other operations 168 175 
Operation bacteriology 

Subcutaneous culture infected 38 45 

Organ culture infected §5 75 

Both cultures sterile 31 42 

Information incomplete 48 46 
Incision I 

Midline 60 56 

Vertical transrectus 5 4 

Transverse muscle cutting 33 38 

Muscle splitting 114 110 
Wound suture material 

Catgut 110 114 

Polyglycolic acid 29 36 

Nylon 35 28 

Stainless steel wire 28 30 
Therapeutic antibiotic 

Ni i71 177 

Preoperative 1 1 

During first 3 days postoperatively 13 1i 

After third day postoperatively 17 19 


There is no significant difference in any feature between the 
two groups, 
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group (3-2 per cent) and 2 out of 42 in the ampicillin 
group (4-8 per cent). Among patients in whom the 
organ was infected but the subcutaneous swab sterile, 
there were 6 cases of primary sepsis out of 85 with 
cephaloridine (7-1 per cent) and 8 out of 75 with 
ampicillin (10-7 per cent). These differences are not 
significant. If the subcutaneous swab at the end of the 
operation yielded a positive culture, 7 out of 38 
cephaloridine-treated wounds (18-9 per cent) dis- 
charged pus compared with 19 out of 45 with ampi- 
cillin (42:2 per cent). This difference is significant at 
the 2 per cent level (y? = 5-43). 

Taking the two prophylactic groups together, the 
difference in sepsis rates between the bacteriologically 
sterile group (4-1 per cent) and the potentially contami- 
nated group (in which the organ was infected but the 
subcutaneous swab sterile, 8-8 per cent) is not 
Statistically significant. However, when both organ 
and subcutaneous swabs were infected, the sepsis rate 


Table I: ANALYSIS OF PRIMARY SEPSIS IN 410 
POTENTIALLY CONTAMINATED OPERATIONS 


Cephaloridine Ampicillin Signifi- 
group group cance 
No. No. of 
with with differ- 
Total primary Total primary ence 
Operation patients sepsis patients sepsis (P) 
Colorectal 28 3 24 11 <-O1 
(10-734) (458%) 
Perforated 6 4 9 5 ns. 
appendix (66-7%) (58-6%) 
Gastric 35 5 29 2 n.8. 
(1432) (6-9%) 
Biliary 24 i 32 7 ns. 
(42%) (21-9%) 
Appendix 80 4 §1 6 ns, 
(3:0%) (7-44) 
Intestine 7 i 5 i sS, 
(14-374) (20-0%) | 
Urinary 20 0 25 0 N.S. 
Other 2 0 3 0 ns. 
Total 202 18 208 32 <0-05 
(8-9%) (15-4% 


Table HI: THE EFFECT OF OBESITY ON THE 
INCIDENCE OF PRIMARY WOUND SEPSIS 


No. with 


Total patients primary sepsis 


Obese 76 16 QE-1%)* 
Not obese 334 34 (10-2%)* 
Total 410 $0 (12-224) 


* Significance of difference, P<0-01. 


Table IV: PRIMARY SEPSIS IN HIGH RISK AND 
LOW RISK OPERATIONS 


Cephaloridine Ampicillin Signifi- 
group group cance 

No. No. of 
with with differ- 

Total primary Total primary ence 

Operation patients sepsis patients sepsis (P) 
High risk* 64 9 (14-1%) 72 26 361%) <0-01 
Low risk* 138 9 (65% 136 6 (4-4%) nS, 
Total 202 «18 (8-9% 208 32 (15-49%) <0-05 


* High risk, obese patients, ileocolorectal operations 
or perforated appendix. Low risk, all other patients. 
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Table V: ORGANISMS CULTURED: POTENTIALLY CONTAMINATED OPERATIONS 


Organisms cultured at operation 
Subcutaneous swab 


Organ swab 
No. % of total No. 
Swab not taken 11 94 
Swab sterile 117 236 
Intestinal organisms 
Escherichia coli 189 48-1 45 
Streptococcus faecalis 46 11-7 15 
Clostridium welchii 30 7-6 4 
Bacteroides spp. 31 79 5 
Proteus spp. 19 4-8 5 
Klebsiella aerogenes 17 4-3 10 
Pseudomonas spp. 13 3-3 3 
Enterobacter spp. 1 0:3 0 
Acinetobacter spp. 0 0 0) 
Total 346 88-0 87 
Other organisms 
Staphylococcus epidermidis 31 7-9 6 
Streptococcus haemolyticus 7 1-8 3 
Staphylococcus aureus 9 2:3 5 
Total 47 12-0 14 
Total organisms 393 100-0 101 


Wound swab r 
Primary sepsis Secondary sepsis 


% of total No. % of total No. z of total 
9 3 
7 0 
44-6 19 39-6 2 T4 
149 3 6-2 3 Ii- 
40 i 21 i 3-7 
5-0 5 10-4 1 3-7 
5-0 8 16-7 2 T4 
9-9 Í 2i 0 0 
3-0 1 21 i 3-7 
0 0 ğ i 3-7 
0 0 0 1 37 
86-1 38 792 12 44-4 
5-9 1 2-1 9 33:3 
3-0 I 2-1 Q 0 
5-0 8 167 6 22:2 
13-9 10 21:8 15 556 
100-0 48 100-0 27 100-0 


Table VI: INCIDENCE OF PRIMARY SEPSIS IN 1225 POTENTIALLY CONTAMINATED OPERATIONS IN 5 
TRIALS INVOLVING INTRA-INCISIONAL CEPHALORIDINE 


High risk* Low risk* 
Signifi- Signifi- 
cance cance 
Cephaloridine of Cephaloridine of 
group Others differ- group Others differ- 
Primary Primary ence Primary Primary ence 
Total sepsis Total sepsis (P) Total sepsis Total sepsis (P) 
Cephaloridine v. untreated 40 9 (22-5°%) 46 24 (52:2%) <0-01 69 5 (7-:2%) 68 12 (17-6%) ns 
controls 
Cephaloridine v. povidone- 9 2 (22:24) 15 6 40-0%) ns. 28 2 (7-1% 38 HG89 << 0-05 
iodine 
Cephaloridine v. gentamicin 31 5 (16-21%) 48 10 (20:8%) ns 83 7 (84%) 99 12 (12-1%) ns. 
Cephaloridine v. framycetin 42 B (31-0%) 40 22 (550%) <0-05 79 2 (2°5%) 88 10C1-4%) 005 
Cephaloridine v. ampicillin 64 9 (141%) 72 26 361%) <0-01 138 9 (65%) 136 6 (4-4%) ns. 
Total of 5 trials 186 38 (20-4%) 221 88 398%) <0-001 397 25(6:3°%) 429 SI C19%) <0-01 
Total high risk and low risk 583 63 (108%) 642 139 (217%) <0-001 


* High risk, obese patients or ileocolorectal operations or perforated appendix. Low risk, all other patients. 


(31-3 per cent) was significantly higher than in the 
sterile group (y? = 20°25, P < 0-001). 

By far the greatest number of organisms cultured 
during operation and from primary (though not from 
secondary) wound sepsis were of intestinal type, 
predominantly Escherichia coli, and there is no 
significant difference between the proportions of 
various species cultured from the organ, the sub- 
cutaneous tissues and the wound in cases of subsequent 
sepsis (Table V). In 39 of the 50 patients who developed 
primary sepsis, swabs were taken both during opera- 
tion and from the pus, and both cultures yielded the 
same organism in 26 (67 per cent). Only 7 of the 19 
cases of secondary wound sepsis showed the same 
organism as had been cultured at operation, and in 
these the initial discharge had been of urine or faeces. 
Culture of the pus from patients with secondary sepsis 
showed a significantly higher proportion of staphylo- 
cocci than in operative specimens or pus from primary 
sepsis (y? = 9-38, P< 0-01). 

Bacteroides species were cultured from 7-9 per cent 
of organ swabs or fragments, 5-0 per cent of 


subcutaneous swabs, 10-4 per cent of wound swabs in 
cases of primary sepsis and 3-7 per cent in cases of 
secondary sepsis (Table V). 

About three-quarters of the 569 bacteria tested 
were sensitive to a 10-ug disc of cephaloridine (72:8 
per cent) and about one-quarter to a 2-ug disc of 
ampicillin (26-0 per cent). 


Serum antibiotic concentrations 

The mean levels and one standard error of each mean 
are recorded in Fig. 1. The mean concentration of 
cephaloridine was found to be significantly higher 
than that of ampicillin at each time. 


Discussion 

Our results show that in patients with a considerable 
risk of wound sepsis (those operated on for ileo- 
colorectal conditions and those who are obese), 
intra-incisional cephaloridine is more effective than 
ampicillin (14 per cent incidence as against 36 per 
cent). In other patients either antibiotic is effective in 
achieving some reduction in sepsis. Furthermore, the 
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Tru-cut saves time-—valuable theatre time- 
because, with Tru-cut, many routine biopsies 
can be performed in Out Patients or on the 
ward. Tru-cut minimizes patient trauma 
because the cutting edges of the needle are 
designed to detach the tissue sample cleanly, 
without tearing or twisting. And, because 
Tru-cut needles are disposable, you always 
work with a keen, new one. 

Good, sharp cutting edges are also the key 
to good, undamaged specimens, which exhibit 
cellular structure without distortion, and so 
assist positive diagnosis. 

Tru-cut Biopsy Needles are made in three 
cannula lengths: 75mm (3”), 114mm (412"), and 
152mm (6”). Each size has a 20mm specimen 
notch. Tru-cut needles are supplied ready 
sterilized in individual peel packs. 

Further information is available on request. 
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‘Nolvadex-akinder approach to breast cancer treatment. 


‘Nolvadex’ (tamoxifen) is a specific. 


non-steroidal anti-oestrogenic treatment 
for patients with advanced breast cancer. 
It inhibits the uptake of oestradiol 
into target tissues by competing for 
oestrogen receptors. 
In Vitro, ‘Nolvadex’ has a direct 


Full prescribing information is available on request. 
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effect upon DNA synthesis. 

‘Nolvadex’ achieves similar response 
rates to androgens and to oestrogens. 

Of particular significance, however, 
is its relative freedom from serious side 
effects: virilization has never been 


observed. 
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Fig. 1. Serum concentrations of cephaloridine and 
ampicillin after intra-incisional instillation of 1 g (mean and 
s.e. mean), 


pattern of wound sepsis found includes a considerable 
number (19 out of 50) in whom pus did not discharge 
until after the tenth day, at a time when all but one of 
these patients so affected had returned home. 

Intra-incisional cephaloridine has now been used 
in five trials by us (Table V7) and has been shown to be 
superior to the other methods tested—no antibiotic, 
gentamicin, povidone-iodine, framycetin and now 
ampicillin. However, in other hands local ampicillin in 
high risk wounds has proved effective. Cephaloridine 
has also been successful if given parenterally (Polk and 
Lopez-Mayor, 1969; Evans and Pollock, 1973), as has 
tobramycin and gentamicin plus lincomycin (Stokes 
e n 1974) and lincomycin alone (Keighley et al., 
1 : 

During the period in which trials of local therapy 
were undertaken (1971-4) evidence has not been 
found of an increase in the number of strains of 
bacteria resistant to cephaloridine. Widespread 
systemic use of ampicillin over the same period may 
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account for an observed increase of ampicillin-resistant 
strains in our records (Pollock and Evans, 1975c). 

The prophylaxis of primary wound sepsis depends 
principally on taking measures to minimize operative 
exogenous and endogenous wound contamination 
and the use of a potent antibiotic either in the wound 
before closure or parenterally. The avoidance of 
secondary sepsis is a different matter related to 
hospital cross-infection. These two problems must be 
clearly distinguished in future studies. 
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Preoperative diagnosis in carcinoma of the breast 
C. J. DAVIES, C. W. ELSTON, R. E. COTTON ANDR., W. BLAMEY* 


SUMMARY 

Two methods of obtaining a preoperative diagnosis of 
breast lumps have been evaluated by simultaneous use on 
131 patients. Tru-Cut needle biopsies gave a reliable 
diagnosis in 75 per cent of those suffering from primary 
carcinoma of the breast. No cases of benign disease were 
wrongly reported as carcinoma by this method. Fine- 
needle aspiration cytology gave no helpful information in 
one-half of the patients with malignant disease and in 
addition 5 cases of benign disease were falsely reported 
as carcinoma. Tru-Cut needle biopsy is a valuable 
preoperative investigation in patients with primary 
carcinoma of the breast. 


PATIENTS with primary carcinoma of the breast must 
have a definite histological diagnosis before mastec- 
tomy is carried out. Here a study of the reliability and 
acceptability of two alternative methods of obtaining 
a preoperative pathological diagnosis is reported. 


Patients and methods 

The investigations were carried out on the first visit by the 
patient to the Department of Surgery Breast Clinic at City 
Hospital, Nottingham. The breasts were examined clinically, 
and a decision made as to whether or not a lump was present. 
The policy adopted in women in whom a definite lump in the 
breast was found is shown in Fig. 1. Diffuse nodular areas in the 
breast were not investigated in this way. When, in a woman 
under 30 years of age, a lump had the clinical features of a 
fibro-adenoma, preoperative needle investigations were omitted 
and arrangements made for formal excision biopsy. Otherwise a 
fine needle was passed into the lump to distinguish between 
solid and cystic masses. Cysts were aspirated and patients 
whose cysts disappeared completely on aspiration do not form 
any part of this study. It is upon consecutive patients with solid 
lumps that the two preoperative diagnostic methods were used. 
The investigations were carried out only on lumps suitable for 
subsequent surgical excision and for which a final histological 
diagnosis would be available. 


Cytology 

Fine-needle aspiration cytology was carried out first. After the 
skin had been cleaned a 21-gauge 40-mm needle was introduced 
inte the tumour and suction applied with a 5-ml syringe. 
Suction was released and the needle was twice passed into 
different areas of the tumour, each time applying suction. 
Suction was finally released before withdrawing the needle from 
the breast. The syringe was detached from the needle, partly 
filled with air and then reattached in order to expel the contents 
of the needle on to a microscope slide. A smear was made in a 
similar mariner to that used for a blood film. The smear was 
air-dried and placed in a container for transport to the labora- 
tory. The smears were stained by the May~Grunwald—Giemsa 
technique and reported on by the pathologist carrying out the 
cytological examination (R. E.C.), who knew only that the 
smear was a fine-needle aspirate from a lump in the breast. Age, 
clinical details and provisional diagnosis were not made 
available to him. 


Tru-Cut needle biopsy 

A small area of skin overlying the lump was anaesthetized 
(2 per cent Xylocaine with 1 : 200 000 adrenaline) and incised 
with the point of a fine scapel blade (Swann Morton No. 22). 
The Tru-Cut needle (Travenol Laboratories Inc.) was then 
introduced down to the lump and a core of tissue 1-2 crm in 
length was obtained. Occasionally additional attempts were 


required before a satisfactory specimen was obtained. Follow- 
ing withdrawal of the needle, firm pressure was exerted on to the 
breast for 2-3 min, after which a pressure dressing was applied 
for 24 h. The specimen was fixed in 10 per cent buffered forma- 
lin and paraffin sections were stained with Ehrlich’s acid 
haematoxylin and eosin. The histopathologist (C. W. E.) also 
made his report without any clinical information. The cytolo- 
gist and the histopathologist made their reports completely 
independently. 

In 3 years 256 patients have been biopsied with the Tru-Cut 
needle. Fine-needle aspiration cytology has been used for 13 
months in 146 patients. One hundred and thirty-one patients 
have had both investigations carried out at the same clinic 
attendance. It is the results from these 131 patients that form 
the basis of this report. 


Lump in breast 


ee es Solid 


Aspirated 
Lump Lump i 
disappears remains Carcinoma? Fibroadenoma? 
Follow-up Needle biopsy Excision 


Fig. 1. Investigation policy for patients at their first attendance 
at the City Hospital Breast Clinic. 


Table 1: TRU-CUT NEEDLE BIOPSY AND FINE-NEEDLE 
ASPIRATION CYTOLOGY REPORTS IN 96 PATIENTS 
SUBSEQUENTLY PROVED TO HAVE CARCINOMA* 
Report 
No. Carcinoma No carcinoma 


Tru-Cut 96 71 23 
Cytology 96 50 46 


* The investigations were performed simultaneously. 





Results 

In all the 131 patients undergoing both investigations 
on the same occasion, a final histological diagnosis 
was obtained on the surgically excised breast tissue. 
Carcinoma was found in 96 patients and in 35 the 
lesion was benign. A more detailed account of the 
pathological aspects of this study will be reported 
elsewhere (Elston et al., 1977). ; 


Carcinoma 

The results in the 96 patients with carcinoma are 
shown in Table I. A correct positive diagnosis was 
made on three-quarters of the Tru-Cut biopsies, but in 
only a little over one-half of the cytological aspirates. 
Of the 25 false negative reports from the Tru-Cut 
biopsies, 6 were suspicious of carcinoma but with 





* Departments of Surgery and Histopathology, City Hospital, 
Nottingham. 


insufficient evidence to recommend mastectomy. 
These have been regarded as ‘non-cancer’ reports. The 
remaining 19 of these 25 false negative reports showed 
normal breast or adipose tissue and must be regarded 
as sampling errors. 

The 46 incorrect cytology reports included 5 in 
which there was a suspicion of malignancy, confirmed 
on review, but the features were insufficiently diag- 
nostic of carcinoma, and from the practical viewpoint 
these were regarded as ‘non-cancer’ reports. The other 
41 smears were technically unsatisfactory, that is 
fewer than 10 epithelial cells were seen, smear cells 
were dominant or there were marked artefacts 
obscuring the epithelial cells, including excess of 
erythrocytes. 


Benign disease 

The results in the 35 patients with benign breast 
disease are shown in Table If. All these benign cases 
were correctly identified by the Tru-Cut biopsy and 
there were no false positive reports. Disturbingly, 
however, in 5 patients with benign breast disease the 
cytology report indicated carcinoma cells to be present. 
Of these false positives 4 were fibro-adenomas and 
1 showed florid intraduct papillary epitheliosis on 
histology. 


Discussion 

There are several advantages in obtaining a pre- 
operative diagnosis in patients presenting with lumps 
in the breast. When the diagnosis is carcinoma the 
nature of the condition can be discussed with the 
patient and a full explanation of the proposed opera- 
tion, length of stay and after-care can be given. Whilst 
the apprehension surrounding the diagnosis is not 
eliminated, women are spared the suspense inevitably 
associated with the frozen-section technique. Of equal 
importance is the fact that patients with benign lumps 
are spared the frozen-section/possible mastectomy 
discussion before operation. 

The pathologist is able to make an unhurried 
assessment of a fully processed paraffin section, in 
contrast to the pressures involved with the recognized 
technical and sampling problems of frozen sections. 
Furthermore, knowledge of the operations to be 
performed confers significant benefits in the planning 
of bed utilization and operating lists. 

Any method used to obtain a preoperative diagnosis 
must be entirely reliable and also provide a diagnosis 
in a large enough proportion of patients to achieve its 
objectives. The Tru-Cut needle biopsy has not yielded 
any false positives, and in this context can be considered 
to be absolutely reliable. The decision to proceed to 
mastectomy is safely based upon it and this policy has 
been applied in 71 of the 96 cases in this series (Fig. 2). 
The frozen-section technique was only carried out on 
patients in whom the biopsy report was ‘suspicious’ or 
on those reported as ‘no malignancy’ but in whom 
there was clinical suspicion of carcinoma. As a result 
21 of the 96 patients required frozen section followed 
immediately by mastectomy. In patients with a clini- 
cally benign lump and a ‘benign’ needle biopsy report 
excision biopsy without frozen section was performed. 
There were 39 patients in this category and in only 
4 did histology of the excised lump show unsuspected 
carcinoma and require subsequent mastectomy. The 
frozen-section rate has, therefore, been reduced by at 
least three-quarters and probably more, as frozen 
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Needle biopsy 


Carcinoma Benign 


Suspicious 


Clinically carcinoma Clinically benign 


Mastectomy S 


Frozen section Excision biopsy 


Fig. 2. Treatment policy based on the result of a Tru-Cut 
needle biopsy carried out in the City Hospital Breast Clinic. 


Table H: TRU-CUT NEEDLE BIOPSY AND FINE-NEEDLE 
ASPIRATION CYTOLOGY REPORTS IN 35 PATIENTS 
SUBSEQUENTLY PROVED TO HAVE BENIGN 
DISEASE* 


Report 
Na. Carcinoma No carcinoma 
Tru-Cut 35 0 35 
Cytology 35 5 30 


* The investigations were performed simultaneously. 


Table HI: TRU-CUT NEEDLE BIOPSY RESULTS IN 256 
PATIENTS WITH BREAST LUMPS 


Tru-Cut diagnosis 


Final diagnosis No. of patients Correct Incorrect 
Benign 60 60 (100%) 0 
Malignant 196- 144 (73 %2) $2 27%) 


A anamaadnasaaad 


section would also have been carried out previously 
in many patients with benign breast disease. 

Fine-needle aspiration cytology has been under 
assessment here and the reports have not been used to 
determine patient management. It was decided that 
cytology reports should not include a ‘suspicious’ 
category but that they should be definite positive or 
negatives. The major drawback of cytology has been 
the unacceptable occurrence of false positive reports. 
Difficulty in interpretation in patients with benign 
proliferative lesions, particularly fibro-adenomas, has 
been encountered by others (Franzén and Zajiceck, 
1968: Webb, 1970). It has been argued (Webb, 1970) 
that if the cytologist had more clinical information 
this error would be reduced if not eliminated, but this 
seems doubtful as carcinomas presenting in patients 
under the age of 35 years may in any event be clinically 
indistinguishable from fibro-adenomas. In addition, 
the false negative rate of 50 per cent casts doubts on the 
usefulness of this method as a significant contributory 
investigation. The majority, that is 41 out of 46 false 
negatives, were due to technical failures, and whilst the 
number of such failures might decrease with further 
experience the elimination of this problem probably 
demands special circumstances, such as a cytologist 
attending the clinic, performing the needle aspirations 
himself, staining and reading the smears immediately 
and repeating the needling until a satisfactory smear is 
obtained. 

Even allowing for a reduction in the false negative 
rate the occurrence of a single false positive from 
cytology would make us reluctant to use the results 
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for proceeding directly to mastectomy. A retrospective 
review of the breast aspirates indicates the probable 
inevitability of further false positive reports even with 
continuing experience. 

Aspiration cytology has been extensively used in 
other European countries and a high degree of 
accuracy has been claimed where there are special 
circumstances designed to reduce all sampling and 
interpretative errors to the minimum (Franzén and 
Zajiceck, 1968; Zajdela et al., 1975). In Britain Webb 
(1970) has achieved considerable success with this 
method in solid tumours, acting as both surgeon and 
cytologist. A more recent report (Furnival et al., 1975) 
suggests that the accuracy of this method is approxi- 
mately 96 per cent, but this is misleading. It does not 
take into account the identified but excluded 25 per 
cent of technically unsatisfactory smears but does 
include the results of cytological examination of cyst 
fluid. It has been shown elsewhere (Forrest et al., 1975) 
that ‘routine’ cytological examination of cyst fluid is 
not a helpful investigation, and this is confirmed by 
the present authors’ experience. 

The results of the overall experience with the Tru- 
Cut needle in 256 patients are shown in Table II. It 
should again be emphasized that there have been no 
false positives and that an absolute diagnosis of 
cancer was obtained in three-quarters of the patients 
who were subsequently shown to have malignant 
disease. No special circumstances are required for this 
procedure. The technique of using the needle is 
quickly acquired and cumbersome apparatus such as 
that required for drill biopsy (George and Burn, 1975) 
is avoided. The specimen obtained is free from artefact 





and large enough to allow any experienced histo- 
pathologist to interpret the features with” ease. 
Comparable results with the Tru-Cut biopsy needle 
have also been obtained by Roberts et al. (1975). 
Tru-Cut needle biopsy is a valuable clinical investiga- 
tion in the management of patients with a lump in the 
breast. It can be used without special facilities in any 
outpatient clinic where patients with breast disease are 
seen. The authors’ experience suggests that improve- 
ments in the preoperative diagnosis of breast lumps 
will best be obtained by a concentration of effort in 
reducing sampling errors with the Tru-Cut needle, 
rather than by the development of aspiration cytology. 
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Occlusion of the subclavian vein associated with 
cephalic vein pacemaker electrodes | 
B. R. M. CROOK, P. GISHEN, C. R. ROBINSON AND S. ORAM#* 


SUMMARY 

Thrombosis and occlusion of major veins have been 
deseribed following the use of transvenous pacing 
electrodes for the establishment of permanent cardiac 
pacing. The frequency of such complications is, however, 
not well known. A series of 125 patients was therefore 
reviewed, all of whom had been paced with permanent 
transvenous electrodes through a cephalic vein. There 
was Clinical and venographic evidence of subclavian vein 


occlusion in only 3 of these patients. A further 20 of 


these patients were also subjected to venography and 
showed no radiographic evidence of venous occlusion 
although minor thrombosis associated with the pace- 
maker electrode was found in one patient. It is concluded 
that the convenience of using the cephalic vein as a route 
for the insertion of transvenous pacing electrodes out- 
weighs the small risk of major venous occlusion. 


Tue cephalic or jugular veins are popular sites for the 
insertion of a transvenous permanent pacing electrode. 
There have, however, been reports of thrombosis in 
major afferent veins following the use of these routes 
(Girardier et al., 1972; Grogler et al., 1975). Venous 
occlusion has also been observed as a late pheno- 
menon (Friedman et al., 1973; Sethi et al., 1974). The 
incidence of these complications among patients who 
are routinely paced by these transvenous routes is, 
however, not clearly known, as there have been few 
systematic studies. As in many other centres, our 
method of choice for the insertion of transvenous 
pacing electrodes for the establishment of permanent 
pacing now involves surgical exposure of a cephalic 
vein. We sought therefore to determine the overall 
incidence of venous occlusion and thrombosis in 
patients paced by this route. 


Methods 
A consecutive series of patients paced by the cephalic route 
was assessed clinically. Venographic studies were carried out 
to confirm major venous obstruction when there was an 
obvious collateral skin circulation and also in one patient who 
presented with acute venous congestion of the arm. In order to 
exclude otherwise inapparent venous occlusion or thrombosis, 
venographic assessment was also made in a representative 
sample of patients in this series who did not have clinical 
evidence of venous occlusion. These patients had all given 
fully informed written consent to this investigation. Veno- 
graphy was carried out with rapid sequence and delayed films 
following a hand injection of 50 ml of meglumine tothalamate 
(Conray 280) into a brachial vein. The venous circulation and 
collateral vessels in the upper arm, neck and hemithorax were 
studied. 

The results of this survey are presented together with brief 
case reports of the patients with venous occlusion. 


Results 

One hundred and twenty-five patients who had been 
paced transvenously with surgical exposure of the 
cephalic vein were assessed clinically. No patient had 
developed evidence of major venous occlusion during 
the immediate postoperative period. At the time of 
clinical assessment the transvenous endocardial pacing 


electrode had remained in situ for a period ranging 
from 3 months to 5 years in these patients. Patients 
were between 21 and 94 years of age at the time of 
examination and all had ventricular pacing for atrio- 
ventricular block or sino-atrial disease. With only a 
few exceptions, a polyethylene-covered electrode 
(Devices Ltd) had been inserted. 

Three patients were found to have major venous 
occlusion which was confirmed by venography. In 
these cases the occlusion was confined to the subclavian 
vein and extended to the region of its junction with the 
cephalic vein. The details of these patients are as 
follows. l 


Case 1: An 86-year-old lady with complete heart block and 
aortic regurgitation was paced through the left cephalic vein 
with a generator implanted in the left anterior pectoral region. 
Although immediate recovery was uneventful, a prominent 
superficial collateral circulation was first observed over the 
left shoulder 3 months later (Fig. 1). Venography (Fig. 2) 
confirmed obstruction of the left subclavian vein with an 
extensive collateral venous return to the jugular and innominate 
veins. There were no symptoms associated with the venous 
occlusion. 

Case 2: A 70-year-old man with sino-atrial disease was paced 
through the left cephalic vein with a generator implanted in 
the left axilla. The generator was replaced after 18 months, and 
after a further 9 months an extensive superficial collateral 
circulation was first observed over the left shoulder. Veno- 
graphy (Fig. 3) confirmed occlusion of the left subclavian vein 
with a good collateral circulation to the jugular and innominate 
veins. There were no associated clinical symptoms. 

Case 3: A 42-year-old man with sino-atrial disease had been 
satisfactorily paced for 24 years with a transvenous pacing 
system through the right external jugular vein. The system was 
electively replaced with a rechargeable pacing system with a 
transvenous electrode through the left cephalic vein and the 
generator in the left anterior pectoral region. After 12 months 
of satisfactory pacing the patient suddenly developed a swollen 
cyanosed and painful right arm. Venography (Fig. 4) showed 
occlusion of the left subclavian vein with collateral flow to the 
jugular veins. Following treatment with anticoagulants there was 
eventually no remaining clinical abnormality, although further 
venography showed persistence of the venous obstruction. 

A further 20 of the 125 patients were studied with 
venography. These patients, with an age range of 30- 
81 years, were chosen at random and none had clinical 
evidence of a superficial venous collateral circulation. 
No radiographic evidence of venous occlusion was 
discovered, but in one patient minor thrombosis was 
noted around the pacemaker electrode within the 
subclavian vein. 


Discussion 

Thrombosis and occlusion of the subclavian vein 
(Balau et al., 1971; Grogler et al., 1975), the innomin- 
ate vein (Friedman et al., 1973; Sethi et al., 1974) and 
the superior vena cava (Wertheimer et al., 1973; 
Williams and Demos, 1974) have been described 
following the establishment of permanent pacing with 
a transvenous pacing electrode. 
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Fig. 1. Eighty-six-year-old lady with prominent collateral 
venous circulation over the left shoulder due to subclavian 
vein occlusion (see Fig. 2) associated with transvenous 
pacing electrode. 





Left subclavian occlusion with 


Fig. 2. Venogram (Case 1). 
many collateral vessels to the jugular and innominate veins. 
The occlusion extends distally to the point of entry of the 
pacing electrode. 


The introduction of transvenous pacing electrodes 
through the cephalic vein has become popular because 
this vein is easily exposed using local anaesthesia and 
is conveniently near the axillary or pectoral site for 
generator implantation. However, subsequent occlu- 
sion of the subclavian or more proximal veins with 
swelling and oedema of the affected arm has occurred 
within a few days of the procedure (Balau et al., 1971: 
Grogler et al., 1975). Unexpectedly, major venous 
occlusion has been reported many months after 
electrode insertion by this route (Friedman et al., 
1973; Sethi et al., 1974). This late occlusion would 
seem to be an unavoidable complication of the 





Fig. 3. Venogram (Case 2) showing localized occlusion of the 
left subclavian vein with a large supraclavicular collateral 
vessel draining to the proximal part of the subclavian vein. 





Fig. 4. Venogram (Case 3) showing occlusion of the left 
subclavian vein with collateral circulation to the jugular veins. 


cephalic insertion route and could prove a contra- 
indication to the use of this vein. The incidence of 
these late thrombotic changes has not been extensively 
investigated. Haiderer and his colleagues (1976) 
showed subclavian occlusion in only one of 29 
patients subjected to venography, and no other lesser 
thrombotic changes were demonstrated as a result of 
pacing by the cephalic route. 

Early thrombosis of veins following electrode in- 
sertion can be attributed to factors such as extension 
of thrombosis from the ligated vein at the site of 
entry of the electrode, trauma to the vein during 
insertion of the electrode and possibly also to any 





sepsis present. It is, however, more difficult to account 
for ‘the late onset of thrombotic complications. 
Trauma may occur to a major vein by movements of 
the electrode within it, for example to the subclavian 
vein where the electrode passes under the clavicle. 
The sheathing of the electrode may itself be thrombo- 
genic (Robboy et al., 1969). 

Of our 3 patients with subclavian occlusion, 2 had 
received polyethylene-covered electrodes (Devices Ltd) 
and | a silicone-elastic-covered electrode (Pacesetter 
Ltd). No clear differences of thrombogenicity have 
been established with the intravascular use of these 
materials in man. 

The results of this study show that the incidence of 
major venous occlusion from the use of the cephalic 
vein is small (3 of 125 patients). Although occlusion 
of late onset may be inherent in this method of pacing, 
it resulted in symptoms in only one of our patients 
and these were transient. We believe that the con- 
venience of using the cephalic vein as a route for the 
insertion of permanent pacing electrodes outweighs 
the small risk of associated major venous occlusion. 
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The place of transthoracic vagotomy in the 


management of recurrent peptic ulceration 
J. E. HEDE, J. G. TEMPLE AND JOHN McFARLAND* 


SUMMARY 

For the successful treatment of recurrent peptic ulcera- 
tion confirmation of the presence of the ulcer by fibre- 
optic endoscopy is essential. Further investigation by 
barium meal and gastric acid secretion studies allows a 
rational surgical approach to be formulated. This pro- 
cess is illustrated by discussion of the investigative find- 
ings and the results of treatment in a series of 20 patients 
with recurrent peptic ulcer over a 5-year period. In one- 
half of these patients a second abdominal operation was 
necessary, but in the other half a transthoracic vagotomy 
alone gave equally good results. 


THE problem of recurrence after previous surgery for 
peptic ulceration is considerable. It has been estimated 
that about 1700 cases could be expected annually in 
the United Kingdom, and the numerous papers on the 
subject testify to the lack of agreement about the best 
method of treating this problem. Currently, vagotomy 
and a drainage procedure is fashionable as the initial 
operation and further efforts at vagotomy for recur- 
rent ulcer, particularly by the transthoracic route, 
have been seriously questioned (Fawcett et al., 1969). 
Resection of part of the stomach plus the ulcer is often 
a more acceptable second operation and, if further 
vagal section is indicated, it is recommended that this 
should be performed by the abdominal route in spite 
of technical difficulties (Steinberg et al., 1975b). 

We believe that there is a balance to be found and 
that there is a place for revagotomy alone, for which 
the transthoracic route should be considered. This 
paper describes the surgical approach to the problem 
of recurrent peptic ulcer that has been employed in 
this unit over the past 5 years. This has involved a 
careful clinical and investigative assessment of each 
patient, which is similar to the schemes outlined by 
Griffen (1969) and Steinberg et al. (1975a, b). 


Patients and methods 

Twenty patients undergoing reoperation for proved recurrent 
peptic ulcer following previous surgery for duodenal ulcer are 
the subjects of this report (Table 1), Seventeen of these patients 
had undergone truncal vagotomy and pyloroplasty (TV and P) 
or truncal vagotomy and posterior gastro-enterostomy 
(TV and PGE) and 3 had undergone partial gastrectomy (PG). 
They were selected from patients presenting for investigation of 
recurrent symptoms after surgery on the upper gastro-intestinal 
tract. 

All patients with suspected recurrence were assessed with 
regard to establishing the presence of a definite peptic ulcer and 
whether it was associated with any of the following: 

1. Gastric outlet obstruction. 

2. Incomplete vagotomy. 

3. Complications of the ulcer, e.g. bleeding, internal fistula. 

4. Associated local abnormalities, e.g. bilious vomiting, 

hiatus hernia. 

Symptoms were classified according to Visick grades 
(Goligher et al., 1968a). Particular note was made of vomiting, 
both bilious and non-bilious. Persistent and troublesome non- 
bilious vomiting, especially after eating, was considered to be 
highly suggestive of defective gastric emptying. 

All patients had a barium meal performed. Careful note was 
taken of any evidence of gastric outlet obstruction and delayed 


gastric emptying. Other contrast radiology was carried out 
when indicated. 

Fibreoptic examination with both end- and side-viewing 
instruments was performed routinely on all patients. Narrowing 
or severe deformity at the site of a previous pyloroplasty or a 
gastrojejunostomy stoma was recorded as representing possible 
gastric outlet obstruction. 

Gastric acid tests were carried out in a special unit regularly 
performing gastro-intestinal biochemical studies, and included 
basal acid output, pentagastrin-stimulated acid output and 
insulin-stimulated acid output. Insulin tests were interpreted 
according to Holiander’s criteria (1946), with division to early 
and late positive responses (Johnston et al., 1967). Positive 
responses were taken as evidence of incomplete vagotomy 
(Baron and Alexander-Williams, 1973) and if doubtful the tests 
were repeated. Following surgery for recurrent ulceration, 
further acid studies were done after a period of 6 months 
(Watkin and Duthie, 1971). Patients with a high basal acid 
output after previous gastric surgery had a serum gastrin assay 
to exclude the Zollinger-Ellison syndrome. 


Results 
The results are detailed in Table L. 


Symptoms 

All 20 patients with proved recurrence presented with 
pain and were in Visick grades HI or IV. Seven had 
non-bilious vomiting suggesting defective gastric 
emptying, 6 after TV and P, and | after TV and PGE, 
this latter patient also having had a haematemesis. In 
3 patients who had had TV and PGE the vomiting 
was bilious in nature. 


Radiclogy 

Barium meal showed an active ulcer in 13 patients, in 
7 after TV and P, in 4 after TV and PGE and in 2 
after PG. Evidence of delayed gastric emptying with 
or without narrowing of the outlet was seen in 5 
patients after TV and P and in 1 after TV and PGE. 
Hiatus hernia with reflex occurred in 2 patients after 
TV and P. 


Endoscopy 

A definite ulcer was seen in each of the 20 patients 
reported in this series, although in some patients a 
repeat examination was required before the ulcer was 
confirmed. Features suggesting gastric outlet obstruc- 
tion were noted in 6 patients after TV and P and in | 
after TV and PGE. 


Gastric acid tests 

All patients had significant acid outputs after penta- 
gastrin and 18 had positive insulin tests (15 early 
positive and 3 late positives). Of the 17 patients who 
had had a previous vagotomy, 15 were insulin-positive 
(all 9 after TV and P, 6 after TV and PGE) and the 2 
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Table I: PATIENT ASSESSMENT, SURGICAL APPROACH AND RESULTS 


Preop. insulin test test Follow-up 
Patients Positive/ Early/ PAO + Positive/ PAO -+- Visick 
No. Sex Age Diagnosis and assessment negative late mmol/h Operation negative mmol/h grading 
Previous TV and P 
1 M 36 DU, hiatus hernia -4 E 25-4 TTV, HH repair ~ 0 1 Q yr) 
2 M 64 DU -H E 177 TTY ~ 0 1 (1 yr) 
3 F 37 DU -f E 11-4 TTV NT - I(l} yr) 
4 M 6 DU, gastric outlet obstruction -4e L 11-6 AV, antrectomy = #7 I yr) 
5. M 30 DU, gastric outlet obstruction, -+ E 5-7 AV, antrectomy NT = H 23 Gr} 
HH HH repair 
6 M 39 DU, gastric outlet obstruction = E 3-9 AV, antrectomy NT 2 æ I (i yr) 
7 M 40 DU, gastric outlet obstruction -4 E 66 AV, antrectomy ~ 0:5 1G yr) 
§ M 49 DU, gastric outlet obstruction -+ E 22:6 AV, antrectomy NT —- I (44 yr) 
9 M 31 DU, gastric outlet obstruction - E 21-5 AV, antrectomy = 04 II (9 mth) 
Previous TV and PGE 
10 M 54 SU -+ E 14-8 TTY -= 0 IQ yr) 
il M 36 SU 4 E 1-8 TTY -= 0 H (24 yr} 
12 F 49 SU -+ E 26:8 TTV — 0 (14 yr) 
13 M 33 SU ~}- L 232 TTY NT == j (24 yr) 
14 M 32 SU, bilious vomiting + E 14-3 AV, antrectomy 0 1G yr) 
15 EF 39 SU, gastric outlet obstruction, -}- L 12:3 AV, antrectomy NT = I G4 yr) 
bleeding ulcer 
16 M 3i SU, bilious vomiting — — Q Antrectomy NT = H G yr) 
17 M 4! SU, bilious vomiting -— 5 4-0 Antrectomy NT os 1(9 mth) 
Previous PG 
18 M 65 SU “he E 11-2 TTY = 0 1@ yr} 
19 M 52 SU “te E 63 TTY nen 0-6 Pig yr) 
20 M 60 SU a E 9-7 FTV NT a Į Qs yr) 





PAO +, Peak acid output to insulin after subtraction of basal acid output; TV and P, truncal vagotomy and pyloroplasty 
(Heineke-Mickulicz); TV and PGE, truncal vagotomy and posterior gastro-enterostomy; PG, partial gastrectomy (Polya); 
DU, duodenal ulcer; SU, stomal ulcer; TTV, transthoracic vagotomy; HH, hiatus hernia: AV, abdominal vagotomy; NT, 


not tested. 


who were insulin-negative had bilious vomiting after 
TV and PGE. Two patients had raised basal acid 
outputs after partial gastrectomy and in both of these 
a serum gastrin assay was normal. 


Gastric outlet obstruction 

Whenever symptoms, radiology or endoscopy 
suggested its presence, an obstructed gastric outlet 
was taken as being a significant factor in need of cor- 
rection. It was considered to exist in 6 of 9 patients 
tees TV and P and in 1 of 8 patients after TV and 
PGE. 


Surgical approach 

The rationale of the surgical approach is shown in 
Table IT and may be summarized by saying that if 
there was evidence that gastric vagal innervation was 
still intact, a transthoracic vagotomy was undertaken 
unless there was a reason for operation by the abdomi- 
nal route. Transthoracic vagotomy was performed by 
a standard technique (Silver, 1969). 

After gastric resection (antrectomy) preference for 
reconstruction was by the Billroth I method, which 
was possible in 7 cases. In 3 patients marked residual! 
narrowing and scarring at the pylorus and the first 
part of the duodenum made a Billroth H reconstruc- 
tion necessary. 

Transthoracic revagotomy alone was performed in 
10 patients who had an incomplete vagotomy but 
nothing to suggest a need for further abdominal sur- 
gery—in 4 after TV and PGE, in 3 after TV and P and 
in 3 after PG. Abdominal revagotomy and antrectomy 
was performed in 8 patients with an incomplete 
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Postop. insulin 


Table H: RATIONALE OF SURGICAL APPROACH 
FOR RECURRENT PEPTIC ULCERATION 


Results of assessment 
Symptoms, radiology, 
endoscopy 


Acid studies Surgical approach 


Incomplete Gastric outlet obstruction Antrectomy and 
vagotomyt or other reason* for abdominal 
abdominal reoperation revagotomy 
ee Transthoracic 
revagotomy 
Complete _ Antrectomy 
vagotomyT 
Complete Gastric outlet obstruction Appropriate surgery 
vagotomy! or other reason* for and abdominal 
abdominal reoperation vagotomy 
Incomplete a Transthoracic 
vagotomyt vagotomy 


* Other reasons for abdominal operation include bilious 
vomiting, bleeding ulcer, internal fistula and possibly gastric 
ulcer and suspicion of malignancy. 

Original operation (all for DU): + Vagotomy and 
pyloroplasty or vagotomy and gastro-enterostomy ; } partial 
gastrectomy. 


vagotomy; 2 of these had had a previous TV and 
PGE, the abdominal operation being for bilious 
vomiting in one and bleeding ulcer with gastric outlet 
obstruction in the other, and the other 6 had had a 
previous TV and P, the abdominal operation being for 
gastric outlet obstruction in all. The 2 patients with a 
complete vagotomy after previous TV and PGE had 
an antrectomy alone. In addition, 2 patients had a 
hiatus hernia repair at their second operation. 
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Clinical results 

All patients were well when seen at their last follow-up 
(periods ranging from 9 months to 44 years), with 15 
being in Visick grade I and 5 in grade II (Table J). 
There was no mortality or significant morbidity, but 
one patient had an oesophageal tear during abdominal! 
revagotomy. Those patients who consented to post- 
operative insulin tests were all negative, 7 after trans- 
thoracic revagotomy and 4 after abdominal revago- 
tomy. 


Discussion 

The aetiology of recurrent peptic ulceration is multi- 
factorial (Bruce et al, 1959; Griffen, 1969). The 
following mechanisms have been postulated (Drag- 
stedt, 1969): 


1. Inadequate gastric emptying. 
2. Incomplete vagotomy. 

3. Unknown antral factors. 

4, Zollinger—Ellison syndrome. 


Accuracy of diagnosis is essential and, since there is 
no place for medical treatment in this situation (Balint 
et al., 1957), failure to achieve a correct diagnosis will 
mean some patients may have unnecessary surgery 
with exposure to its consequent sequelae (Stuart and 
Hoerr, 1971). The superiority of endoscopy in investi- 
gating recurrent symptoms after peptic ulcer surgery 
is well established (Cotton et al., 1973; Steinberg et al., 
1975b). The present authors’ experience confirms this. 
All 20 patients in this series had a recurrent ulcer seen 
by endoscopy while only 13 had radiological evidence 
of their ulcer, and we consider it inadvisable to operate 
for peptic ulceration unless this is proved by endoscopy. 
However, barium meal examination is still essential, 
particularly in detecting defective gastric emptying, 
and further contrast radiology may be necessary to 
exclude other pathology (Toye and Alexander- 
Williams, 1969). 

The insulin test of Hollander is a reliable index of 
the risk of recurrent ulcer after vagotomy (Johnston 
et al., 1967), and negative results are uncommon in 
this situation (2 patients in our series). Positive results 
indicating incomplete vagotomy occur in many patients 
without recurrent ulceration. However, when a re- 
current ulcer is accompanied by a positive response, 
we feel that a revagotomy is required in the surgical 
treatment. The importance of performing the full 
range of acid studies has been emphasized by Baron 
and Alexander-Williams (1973). 

Gastric outlet obstruction and defective gastric 
emptying causing antral distension and a raised serum 
gastrin may occur after previous peptic ulcer surgery, 
especially vagotomy and drainage procedures (Bryant 
et al., 1967). In large series of vagotomized patients, 
higher recurrence rates have been found after Heineke- 
Mickulicz pyloroplasty than after Finney pyloroplasty 
(Bryant et al., 1967) and after pyloroplasty procedures 
compared to gastro-enterostomy (Goligher et al., 
1968b; Gillett and de Burgh, 1974). It is possible that 
this is due to the less adequate drainage offered by 
the former operation in each instance. Davies et al. 
(1974) have shown gastric emptying to be slower after 
Heineke~-Mickulicz pyloroplasty compared to other 
drainage procedures. 

Recurrent ulceration with continuous well-defined 
vomiting, both bilious and non-bilious, is likely to be 
associated with antral distension due to either bile 


accumulation in the stomach or gastric outlet obstruc- 
tion. With both types of vomiting it is safer t6 pre- 
sume that antral factors are involved and to perform 
antrectomy. This will remove the offending antrum 
and should relieve the cause of the vomiting as well. 
We realize our assessment of gastric outlet obstruction 
by symptomatology, radiology and endoscopy cannot 
be entirely accurate and there are more complex 
and exact methods of confirming this (Griffith et al., 
1968), 

However, our clinical methods are unlikely to miss 
the existence of established outlet obstruction and it 
is preferable to accept its presence in this situation if 
there is anything to suggest it. In this series gastric 
outlet obstruction was considered to exist in just over 
one-third of the patients. It occurred only after 
previous vagotomy and drainage, being more common 
after TV and P than after TV and PGE. Failure 
to recognize its presence could account for the 
previous contrary reports of revagotomy procedures 
alone in recurrent peptic ulceration (Fawcett et al., 
1969). 

It was possible to perform a revagotomy alone by 
the transthoracic route in 10 of our patients (50 per 
cent) and this has produced excellent results. There 
was no specific reason to perform further abdominal 
surgery in these patients, and thus they were not sub- 
jected to the possible difficulties and side-effects of 
this. Transthoracic vagotomy is a safe operation and 
we can confirm the findings of others as to the efficacy 
of this procedure in the management of selected cases 
of recurrent peptic ulcer (Crile and Brown, 1951; 
Jackson and Berkas, 1966; Cleator et al, 1974). 
Fawcett et al. (1969) have criticized this operation 
because the actual intra-abdominal pathology cannot 
be seen. Their patients were not investigated using 
modern fibreoptic endoscopy, which we consider most 
important in the assessment of subjects with recurrent 
dyspepsia after previous gastric surgery. Furthermore, 
these authors found that over one-half of their patients 
were still insulin-positive postoperatively. The Com- 
mittee on Surgical Procedures (1952) stated that the 
insulin test was positive in 33 per cent of cases of 
transthoracic vagotomy compared with only 20 per 
cent of abdominal vagotomies. In view of the large 
number of centres contributing to this report it is not 
surprising that the Committee also stated that this 
information could have been erroneous in part be- 
cause of inadequacies in the test procedures and evalua- 
tion. Certainly in our series the patients who were 
insulin tested after transthoracic vagotomy had an 
adequate reduction in acid secretion and, what is more 
important, a good symptomatic response. The Com- 
muttee on Surgical Procedures (1952) considered that 
vagotomy alone was of definite value in the treatment 
of recurrent peptic ulcer and that there was no evi- 
dence that abdominal vagotomy had any specific 
advantage over the transthoracic route. 

In conclusion, it has been possible to achieve uni- 
formly successful results in our patients with recurrent 
peptic ulceration by accurate diagnosis and by identi- 
fication and correction of potential underlying causes 
and local abnormalities, namely, incomplete vago- 
tomy, gastric outlet obstruction and bilious vomiting. 
It is unwise to adopt a single policy of treatment and 
optimum results are more likely with planned surgery 
along the lines outlined above. There remains a place 
for transthoracic vagotomy in this approach. 
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Relative risk of stump cancer following 


partial gastrectomy 


E. KIVILAAKSO, A, HAKKILUOTO, T. V. KALIMA AND P. SIPPONEN* 


SUMMARY 

The relative risk of stump cancer following partial 
gastrectomy for a benign gastroduodenal condition was 
estimated using an individually matched retrospective 
study design based on autopsy material. Data on all 
patients dying with gastric cancer and autopsied at the 
Central Laboratory of Pathology, University Central 
Hospital, Helsinki, during 1961-75 were collected. 
Matched pairs of the same sex and age were used as 
controls. Of the 464 patients dying with gastric cancer, 
9 had undergone previous partial gastrectomy, while 
the respective number among the controls was 5. This 
result suggests that the risk of cancer in the gastric 
stump was not significantly increased as compared to the 
normal unoperated population. 


Opinions differ as regards the relative incidence of 
gastric cancer in the stomach remnant following 
partial gastrectomy. Based mostly on indirect deduc- 
tion, the frequency has been estimated to be higher 
than in the unoperated population (Kiihlmayer and 
Rokitansky, 1954; Helsingen and Hillestad, 1956; 
Hilbe et al., 1968; Stalsberg and Taksdal, 1971; 
Saegesser and James, 1972), equal to it (Liavaag, 
1962; De Jode, 1961) or even lower than in the un- 
operated population in general (Denck and Salzer, 
1957; Hakkiluoto, 1976). Disagreement also exists as 
to whether the possible causal relationship, if any, is 
attributable to the gastrectomy procedure itself 
(Kiihlmayer and Rokitansky, 1954; Stalsberg and 
Taksdal, 1971; Saegesser and James, 1972) or to the 
underlying gastric pathology (Helsingen and Hillestad, 
1956: Nicholls, 1974) or to both of these (Griesser, 
1968). Among the factors contributing to this dis- 
crepancy of views are, without doubt, scarcity of 
properly controlled studies and inadequacy of the 
follow-up time. 

The only strictly controlled retrospective study 
based on autopsy material reported so far was by 
Stalsberg and Taksdal (1971). They found a signi- 
ficantly greater frequency of previous gastrectomies 
among patients dying with gastric cancer as compared 
to non-cancer matched controls. Furthermore, they 
found that the relative difference between the groups 
was dependent on the time interval between the 
original surgery and death. Using a similar study 
design, we have estimated in the present study the 
relative risk of gastric stump cancer in Finnish autopsy 
material. 


Materials and methods 

The autopsy material was collected from the files of the 
Central Laboratory of Pathology, University Central Hospital, 
Helsinki, for the years 1961-75. All patients during the 15-year 
period in whom gastric cancer was present at autopsy or in 
whom it was closely related to death (e.g, total gastrectomy 
shortly before death) were included in the series. Matched pairs 
for each case of gastric cancer were used as controls by search- 
ing for the nearest autopsied patient of the same sex and age in 
whom no gastric cancer had been found. The autopsy records 


were examined thoroughly and whenever the slightest possi- 
bility of previous gastric surgery was present, including all 
cases where the state of the stomach, pylorus and duodenum 
was not clearly expressed, the original clinical records were 
obtained and further information was sought. Every case where 
gastrectomy had been performed for a gastric cancer was 
thoroughly explored to exclude the possibility of concomitant 
antecedent gastric surgery for a benign condition. Only patients 
subjected to some kind of partial gastrectomy were considered 
as positive cases, and patients with vagotomy only, gastro- 
enterostomy, suturation of perforation etc. were excluded 
a priori. Patients dying within 5 years of the original gastric 
surgery were also excluded to avoid the possibility of mis- 
diagnosed gastric cancer or the existence of concomitant benign 
and malignant gastric disease at the time of surgery. Statistical 
analysis of the data to estimate the relative risk of stump cancer 
was performed as described by Miettinen (1970). 


Results 

During the period under investigation, 18 356 
autopsies were performed, In 464 of the autopsied 
patients (213 females, 251 males) gastric cancer was 
detected. 

Of the 464 patients with gastric cancer, 9 (1:9 per 
cent) had undergone previous partial gastrectomy for a 
benign condition. The respective number among the 
matched pairs was 5 (1-1 per cent). Clinical data of 
the patients are given in Table J. In addition, one 
patient with gastric cancer, not included in the above 
figures, had undergone previous vagotomy and pyloro- 
plasty without gastrectomy for a duodenal ulcer. One 
patient in the gastric ulcer group and 3 in the control 
group were excluded because they had been operated 
upon less than 5 years before death. 

Statistical analysis of the above data indicated that 
the relative risk of developing stump cancer following 
partial gastrectomy is 1-8, with a 90 per cent confi- 
dence interval from 0-64 to 5-54 and a 98 per cent 
confidence interval from 0-45 to 8-80. These figures 
show no significant difference between the two groups. 

The average time interval between the original 
partial gastrectomy and death in the 9 patients in the 
gastric cancer group was 24°8 years, and in the 5 
patients in the control group 20-0 years. If the overall 
time interval between the original surgery and death 
was artificially divided into 10-year subintervals, no 
significant difference could be detected between the 
two groups (Table I). | 


Discussion 

The present data indicate that the risk of developing 
gastric cancer in the stomach remnant following 
partial gastrectomy is at the most only slightly greater 
than in the unoperated population in general, and 
that in any case the relative risk is with 95 per cent 
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Table I: CLINICAL DATA OF 9 GASTRIC CANCER AND 5 CONTROL PATIENTS WITH PREVIOUS GASTRIC 


SURGERY 

Indication for Type of 
Sex Age {yr} operation reconstruction 
M 72 Unknown BIEL, EA 
M 69 Gastric ulcer BII 
M 60 Gastric ulcer B H, EA 
M 67 Gastric ulcer B ÍI, EA 
M 45 Duodenal ulcer BIE, EA 
M 53 Gastric ulcer B H, EA 
M T2 Gastric ulcer BI 
M 73 Unknown BI 
M 69 Gastric ulcer BU, EA 
M 73 Gastric ulcer B Il, EA 
M 67 Duodenal ulcer BU, EA 
M 76 Gastric ulcer BI 
M 63 Duodenal ulcer BH, EA 
M 73 Unknown BH, EA 


B H, Billroth H; EA, entero-anastomosis. 


probability less than 5-5. This finding is in disagree- 
ment with that of Stalsberg and Taksdal (1971), who 
in a similar retrospective study found previous gastric 
operations to be three times as common among 
patients with gastric cancer as among controls. Cal- 
culated from their data (Miettinen, 1970) the relative 
risk would be 2:9 with 90 per cent confidence interval 
between 1-70 and 4:88, signifying that the two groups 
do differ statistically from each other (P < 0-05). They 
also found that the over-representation of previous 
operations in the gastric cancer group was significantly 
dependent on the time interval between the original 
surgery and death, a finding which we also could not 
reaffirm. 

In the present series the percentage of stump cancers 
among the gastric cancer patients was 1:9 per cent. 
This is distinctly lower than the exceptionally high 
figure of 7:3 per cent reported by Stalsberg and 
Taksdal (1971) but compares well with 1:2 per cent 
reported earlier from our hospital (Lempinen, 1971) 
as well as with 0-4-2-7 per cent reported from else- 
where (Orringer, 1950; McCrae and MacDonald, 
1960; Grosdidier and Bessat, 1962; Becker and 
Freund, 1964; Saegesser and James, 1972). This 
suggests that at least no gross systematic bias owing 
to, for example, ignorance of the gastrectomy during 
the subsequent autopsy exists in the present series. 

Although the risk of stump cancer probably does 
not significantly exceed the risk of gastric cancer in 
general, the risk of stump cancer is obviously sub- 
stantially increased if compared to its anatomical 
counterpart, carcinoma of the proximal corpus and 
fundus of the stomach, since carcinoma of the proximal 
third of the stomach constitutes only 25 per cent of 
the gastric cancers in general (Saegesser and James, 
1972). This suggests that additional pathogenetic 
mechanisms may indeed be in action after partial 
gastrectomy. Whether this enhanced susceptibility, if 
any, is due to reflux gastritis or other possible sequelae 
of the gastrectomy procedure itself, or whether the 
ulcerated gastric mucosa is inherently also more 
cancer-prone cannot be deduced on the basis of the 
present data. Differentiation between these two 
possible causal factors would necessitate the use as 
controls of unoperated patients with the same gastric 


Time 
interval 
(yr) Cause of death Site of cancer 
10 Gastric carcinoma Anastomosis 
13 Pneumonia Corpus 
14 Gastric carcinoma Cardia 
16 Postop, gastro-intestinal Anastomosis 
bleeding 
28 Gastric carcinoma Diffuse 
30 Gastric carcinoma Diffuse 
31 Gastric carcinoma Corpus 
33 Gastric carcinoma Corpus 
48 Gastric carcinoma Anastomosis 
13 Cardiac infarction — 
14 Hepatic cirrhosis and coma _ 
18 Colonic carcinoma = 
25 Multiple myeloma ~—— 
30 Cerebral haemorrhagia ee 


Table H: DISTRIBUTION OF PATIENTS WITH PARTIAL 
GASTRECTOMY ACCORDING TO TIME INTERVAL 
BETWEEN ORIGINAL SURGERY AND DEATH 


Time 
interval Gastric 
(yr) cancer Control Ratio 
5~14 3 2 1-5 
15-24 1 i 1-0 
> 25 § 2 2-5 





pathology of comparable length. It is obvious that 
collection of matched pairs of this kind from autopsy 
material would be an extremely difficult task. 
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Chylothorax: a complication of Dwyer’s 


anterior instrumentation 


STEVE EISENSTEIN AND JOHN PATRICK O’*BRIEN* 


SUMMARY 

The authors report the development of an extensive 
right chylothorax several days after Dwyer’s anterior 
instrumentation in a 6-year-old girl with a severe pro- 
gressing infantile scoliosis. Instrumentation extended 
from TIl to L4 with removal of the tenth rib and with 
splitting of the diaphragm. The postoperative course 
was initially without any problems. However, respira- 
tory distress on the tenth day after surgery was accom- 
panied by mediastinal shift and the symptoms were 
relieved with aspiration of 600 ml of chyle from the right 
pleural cavity. 

The literature on this complication of chylothorax is 
reviewed; it has been observed in cardiothoracic surgery. 
The management of the case is reported in detail and 
methods of detection and treatment are discussed. 


CHYLOTHORAX is well recorded as a complication of 
intrathoracic cardiovascular surgery and trauma, but 
is not known to have been recorded in surgery for 
spinal deformity. 


Case report 

A 6-year-old girl presented with progressive infantile idiopathic 
scoliosis, which had continued to deteriorate in a Milwaukee 
brace. There were two structural curves—left thoracic 50° and 
right thoracolumbar 70° (Fig. 1). Plagiocephaly was evident 
but there was no family history of spinal deformity. 

Dwyer instrumentation with anterior fusion from T11 to L4 
inclusive was performed without difficulty or incident (Dwyer, 
1973). A right thoraco-abdominal approach was used, entering 
the chest through the bed of the tenth rib, splitting the right 
diaphragm and detaching the right crus to gain access to the 
lower thoracic vertebrae. The lumbar vertebrae were exposed 
through a retroperitoneal approach. At no stage was the 
cisterna chyli visualized nor the thoracic duct. Closure was 
routine, with repair of the diaphragm and intercostal drainage 
of the right pleural cavity with a water seal. The retroperitoneal 
site was not drained. Prophylactic ampicillin and cloxacillin 
were prescribed. 

The initial postoperative course was uneventful. The right 
lung was well inflated and very little fluid drained from the 
chest. The drain was removed on the third postoperative day. 

On the tenth postoperative day, the patient showed signs of 
cardiorespiratory distress—tachycardia, tachypnoea_ with 
nasal flaring and bronchial breathing on the right. X-ray 
revealed a large right hydrothorax with mediastinal shift to the 
left (Fig. 2). Immediate intercostal drainage produced 600 ml 
of off-white fluid of even, milky consistency and little odour 
and which did not clot. Microscopy revealed large numbers of 
fat globules and numerous ‘pus’ cells. No organisms were seen 
and none could be cultured. This second intercostal drain was 
left in situ and it drained a further 2450 ml of chyle over the 
following 3 days, during which time the fluid took on a frankly 
infected appearance. There followed a stormy course, compli- 
cated by empyema, parencyhmal consolidation of most of the 
right lung and impending respiratory failure. A third inter- 
costal drain was inserted in an attempt to clear an apical pocket 
of fluid, without success. 

The patient eventually made a good recovery and at dis- 
charge from hospital 5 weeks after operation had a small 
residual intrapleural cyst. At 3 months follow-up the lungs 
were clinically and radiologically clear. The thoracolumbar 
curve at discharge measured 15° (from 70°) and the untreated 





Fig. 1. Double primary curve of idiopathic scoliosis before 
surgery. 


upper thoracic curve measured 35° (from 50°) (Fig. 3), 
representing 80 per cent and 30 per cent corrections respec- 
tively. 


Discussion 


Aetiology 

Presumably the chylous effusion was caused by in- 
advertent damage to the thoracic duct whilst mobiliz- 
ing the right crus of the diaphragm, rather than by 
avulsing the duct with correction of the spinal curva- 
ture. Cevese et al. (1975) report on chylothorax follow- 
ing dissection of the crura in repair of a diaphragmatic 
hernia. 
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Fig. 2. Tenth postoperative day: X-ray revealed a large right 
hydrothorax with mediastinal shift. 


“ar 





Fig. 3. Dwyer instrumentation in situ, showing the extent of the 
operative field. Note the degree of correction of the curvatures. 


Our patient conformed to the recognized pattern of 
delayed onset (Ross, 1961; Higgins and Mulder,.1971) 
but has not, to date, demonstrated the equally well- 
recognized tendency to recurrence. From the literature 
there appears to be a relationship between recurrence 
and treatment by thoracenteses rather than by in- 
dwelling tube drainage. The delay in onset is presum- 
ably due to the collection of chyle in the posterior 
mediastinum with late rupture into the pleural cavity 
(Ross, 1961) and added to this there is delay in forma- 
tion resulting from the usual postoperative restriction 
in diet (Bessone et al., 1971); a 10-day delay is 
characteristic 

It is possible that surgical injury to thoracic lym- 
phatics is more common than suggested by the inci- 
dence of clinical chylothorax, especially in Dwyer 
instrumentation, around the thoracolumbar area and 
that the serous chyle is mixed with blood draining 
from the pleural cavity in the immediate postoperative 
period and is not detected. 


Diagnosis 

The diagnosis of chylothorax is usually made once 
the condition is established and is seldom anticipated 
because surgical injury to lymphatics goes undetected 
during operation. 

The recognition of chyle rather than pus as the 
effusion fluid is summarized by Bessone et al. (1971): 
an odourless, milky white fluid of even consistency, 
which does not clot and contains no organisms but 
does have a high proportion of lymphocytes. The fat 
content is greater than that of plasma and the protein 
content approximately half that of plasma. Sophisti- 
cated laboratory and radiological techniques are of 
little additional assistance. 


Infection 

It is uncertain whether the chyle in our patient was 
infected de novo. No organisms were detected or cul- 
tured from the initial aspirate and the ‘numerous pus 
cells’ were probably lymphocytes. 

When the drainage subsequently assumed an appear- 
ance of frank pus coincident with systemic signs of 
infection and pneumonic consolidation, there were 
still no organisms to be seen or cultured, perhaps 
because the patient had been treated with a combina- 
tion of bactericidal antibiotics from the day of 
operation. The diagnosis of empyema is thus an 
empirical one. Chyle is bacteriostatic and empyema 
as a complication of chylothorax is very rare (Ross, 
1961; Bessone et al., 1971). 


Management 

The consensus of the literature favours an indwelling 
tube drainage rather than repeated thoracenteses 
which predispose to recurrence. A fully inflated lung 
probably exerts a tamponade effect thus reducing the 
accumulation of chyle. 

In the majority of cases the drainage will decrease 
daily and cease spontaneously. Some authors have 
suggested that if there is no steady reduction in drain- 
age after 7-10 days it is better to explore the chest and 
ligate the thoracic duct than to persist, inviting meta- 
bolic complications from the loss of fat, protein and 
electrolytes and requiring hyperalimentation (Ross, 
1961; Higgins et al., 1971; Hertzog et al., 1975). 

The site of leakage may be demonstrated by oil lym- 
phangiography before exploration (Hyde et al., 1974). 





` Detection 


Anticipation and daily clinical examination well 
beyond the early postoperative period is probably the 
best method for detecting chylothorax before respira- 
tory distress supervenes. Chylothorax, however well 
recorded, is nevertheless an uncommon complication 
of intrathoracic operations (0-2 per cent) (Cevese et 
al., 1975), and routine daily chest X-ray for up to 2 
weeks after operation may be considered an over- 
energetic pursuit of this complication. 
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The neutrophil count in childhood acute appendicitis | 


N. V. DORAISWAMY* 


SUMMARY 

A study was made of the total leucocyte count, neutro- 
phil percentage and absolute neutrophil count in 100 
consecutive children with acute appendicitis and in 25 
children from whom, following a provisional diagnosis 
of acute appendicitis, a normal appendix had been 
removed, no other infective or inflammatory lesion 
having been found. In the first group there was a raised 
total leucocyte count in 42 per cent, a raised neutrophil 
percentage in 93 per cent and a raised absolute neutro- 
phil count in 77 per cent. In the second group the corres- 
ponding figures were 4, 24 and 16 per cent. Acute 
appendicitis is associated with changes in the total 
leucocyte and neutrophil counts and a correct inter- 
pretation of the results of these investigations requires 
that account be taken of the age of each child. A prob- 
able maximum absolute neutrophil count has been 
calculated. An explanation has been suggested for the 
presence of normal total leucocyte counts in certain 
cases in spite of acute appendicitis. 


Patients and methods 

Total and differential leucocyte and absolute neutrophil counts 
were performed in 100 consecutive cases of acute appendicitis 
and in 25 children thought to have had appendicitis whose 
appendices were found to be normal at operation, no other 
inflammatory lesions being discovered. The blood was sent 
immediately to the laboratory when the child was admitted 
during the day but was stored in the refrigerator and sent the 
following morning if the child was admitted at night. A 
Coulter cell counter was used. The children were between the 
ages of 4 and 14 years. 


Results 

Since normal ranges of leucocyte counts for each 
year of age are not known, Stuart’s (1974) figures 
relating to children in several age groups have been 
used (Table I). The two clinical groups of patients 
have been compared on an age basis in respect of 
their total leucocyte count and neutrophil percentage 
(Tables If, 111). With regard to the absolute neutrophil 
count, the normal adult range is 2500-7500 according 
to Dacie and Lewis (1968), and children reach this 
level by the age of 1 year. Absolute neutrophil count 
in the two clinical groups is shown in Table IV. How- 
ever, the variation in the normal range of leucocyte 
counts shown in Table I permits the calculation of a 
maximum normal neutrophil count for the several 
age groups (Table V). Table VI shows the contrast 
between the acute and normal appendix group of 
patients in this respect. 


Discussion 

The frequent removal of a normal appendix from 
children admitted with acute abdominal pain attests 
to the difficulty of diagnosing appendicitis. Anxiety 
to cut short the development of a disease with serious 
implications of morbidity and mortality conflicts with 
caution to avoid obscuring some other developing 
illness by the addition of an inappropriate operation 
carrying its own inherent disadvantages and risks. 
Whether the leucocyte count might contribute to the 


resolution of this dilemma has been the subject of 
opposing views: Lansden (1963) claimed that there 
was a significant elevation in children; Shepherd 
(1968) believed it had no specific diagnostic value; 
and Arnot (1975) thought it could be misleading. 
The incidence of a raised total leucocyte count has 
featured in several reports: e.g. Lansden (1963), 80 
per cent; Sasso et al. (1970), 90 per cent; Lee (1973), 
82 per cent; Bjorksten and Wahlby (1975), 30 per 
cent; Bolton et al. (1975), 63 per cent. These authors 
have grouped all patients together regardless of age, 
but Table J shows how this may be fallacious. In the 
present study, if the same lead had been followed and 
15 000/mm* taken as the maximum normal total 
leucocyte count of all children, only 35 per cent 
would have been shown to have had a raised total 
leucocyte count. The figure rises a little to 42 per cent 
if account is taken of the child's age (Table 1). 


Table I: NORMAL RANGE OF TOTAL LEUCOCYTE 
(WBC) COUNTS AND NEUTROPHIL PERCENTAGES 


Age (yr) WBC (10%/mm*) Neutrophil (% 
1-5 6-15 30-50 
5-10 5-15 40-65 

10-15 4-13 50-75 





Table Il: COMPARISON OF RAISED TOTAL 
LEUCOCYTE COUNTS IN CHILDREN OF 
DIFFERENT AGE GROUPS WITH APPENDICITIS OR 
A NORMAL APPENDIX 


Acute Normal 
appendicitis appendix 
All children (2 15 000/mm*) 35 1 (4%) 
Group I 1-5 yr (> 15 000/mm*) 1 0 
Group H 5-10 yr (> 15 000/mm*) 18 1 (4%) 
Group HI 10-15 yr (>13 000/mm*) 23 0 
Total of 3 groups 42 1 (4%) 


Table HI; COMPARISON OF NEUTROPHIL 
PERCENTAGES IN CHILDREN OF DIFFERENT AGE 
GROUPS WITH APPENDICITIS OR NORMAL 
APPENDIX 


Acute Normal 
appendicitis appendix 
All children (>> 75%) 81 6 (24%) 
Group A 1-5 yr (> 50% 7 0 
Group B 5-10 yr C> 65%) 50 4 (16%, 
Group C 10-15 yr (> 75%) 36 2 (8% 
Total of 3 groups 93 6 (24°84 


Neutrophil is the body’s first line of defence and 
it is the only type of cell involved in acute inflamma- 
tion (de Gruchy, 1970). This fact has not been well 
substantiated as a useful guide for diagnosing acute 
appendicitis, emphasis having always been placed on 
total leucocyte count. If the neutrophil percentage as 
opposed to the simple total leucocyte count is studied 
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and adjustments for age are made, then 93 per cent 
of children with acute appendicitis can be shown to 
have a raised count (Table II). In the present study 
findings of particular interest relate to one of the 
children who developed acute appendicitis during 
chemotherapy for lymphatic leukaemia; 95 per cent 
of neutrophils in a total leucocyte count of 2100/mm* 
were noted, this being higher than the neutrophil 
percentage in any of his previous surveillance blood 
counts during his treatment for leukaemia. 

Though less impressive than changes in the neutro- 
phil percentage, changes in the absolute neutrophil 
count were observed in children with acute appendi- 
citis. Bolton et al. (1975) felt that the total neutrophil 
count was of no greater value than the total white 
cell count, but Todd (1974) took the opposite view, 
and the findings in this study support the latter, 77 
per cent of children having a higher than normal 
absolute neutrophil count (Table IV), as against only 
42 per cent having an increased total leucocyte count 
(Table IT). 

Using the normal figures for total leucocyte count 
and neutrophil percentage as in Table J, it is possible 
to calculate an absolute neutrophil count for different 
ages (Table V). In the absence of any adjustment for 
age, 77 per cent of children with acute appendicitis 
had a raised absolute neutrophil count, but when an 
age adjustment was made the figure was 67 per cent. 

By contrast, in the group of 25 children whose ill- 
ness was found not to be due to appendicitis, the 
increase in the total leucocyte count was 4 per cent, 
the increase in the neutrophil percentage 24 per cent 
and the increase in the absolute neutrophil count 16 
per cent, a much lower incidence. 

Lansden’s figure of 80 per cent of children with 
leucocytosis in appendicitis contrasts with the 42 per 
cent observed in this study. The explanation may be 
that there has been an increasing tendency since 1963 
for children to be admitted at an earlier stage of the 
disease. Hence, when there is only an inflamed appen- 
dix (due to whatever cause, about which we know 
very little) there is an increase in neutrophil response 
at the expense of lymphocytes without a general 
increase in total leucocyte response, and when inva- 
sion by bacterial organisms sets in there is a general 
leucocyte response and the total leucocyte count 
increases in addition to the pre-existing neutrophil 
response. This may explain why there was a 93 per 
cent increase in neutrophil percentage while the inci- 
dence of total leucocyte count increase was only 42 
per cent as compared to 80 per cent during the past 
decade. Todd (1974) has showed that children with 
more than 10000 neutrophils have an 80 per cent 
chance of developing severe bacterial infection. In 
this present study, 65 per cent of the children had 
a count of more than 10000 neutrophils, thereby 
denoting the group with bacterial invasion, the re- 
maining 35 per cent probably having no bacterial 
invasion at the time of admission, although they did 
have acute appendicitis. Recently Stone (1976) has 
reported that 42 per cent of patients had sterile cul- 
tures in peritoneal fluid of simple appendicitis, and 
Lari et al. (1976) could grow bacterial organisms in 
only 14 out of 51 inflamed appendices in children, 
thereby suggesting that acute appendicitis without 
demonstrable bacterial infection is possible. Thus, it 
is suggested that bacterial invasion is possibly a 
secondary complication of an underlying disease of 
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Table IV: COMPARISON OF ABSOLUTE 
NEUTROPHIL COUNTS OF MORE THAN 7500/mm* 
IN BOTH CLINICAL GROUPS 


Acute appendicitis: 77 
Normal appendix: 4 (16%) 


Table V: CALCULATED MAXIMUM ABSOLUTE 
NEUTROPHIL COUNT FOR DIFFERENT AGE 
GROUPS 


50% (Group A) of 15 000 in Group I = 7500/mm? 
65% (Group B) of 15 000 in Group H= 9750/mm3 
75% (Group C) of 13 000 in Group HI = 9750/mm? 


Table VI: COMPARISON OF CALCULATED 
MAXIMUM NORMAL ABSOLUTE NEUTROPHIL 
COUNTS IN CHILDREN OF DIFFERENT AGE 
GROUPS WITH APPENDICITIS OR A NORMAL 
APPENDIX 
Acute Normal 
appendicitis appendix 


All children (> 7500/mm') Ti 4 (16%) 
Group X 1-5 yr (> 7500;mm*) 4 0 
Group Y 5-10 yr (>9750/mm') 33 2 (8%) 
Group Z 10-15 yr (> 9750/mm*) 30 0 

Total of 3 groups 67 2 (8%) 


the appendix, the precise nature of which is yet to 
be identified. . 


Conclusion 

There are changes in the leucocyte count in most 
children with acute appendicitis. The diagnosis of 
acute appendicitis is primarily a clinical matter but 
some help may be obtained by a study of the white 
cell count. More valuable than a total white cell 
count is an estimation of the absolute neutrophil 
count, but of much greater value than either of these 
is the change in the neutrophil percentage. The use- 
fulness of these investigations may be enhanced if 
account is taken of each child’s age, as in the absence 
of such an adjustment the results may be valueless. 
There is a need for further study of the normal ranges 
of white cell counts, neutrophil percentages and abso- 
lute neutrophil counts in healthy children in each 
year of age. The discovery of normal levels in children 
with undoubted acute appendicitis in 7 per cent of 
the present group reaffirms the overriding import- 
ance of a clinical assessment. 
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The role of the surviving pancreas in late fatalities 


of acute pancreatitis 
N. MACLEAN» 


SUMMARY 

The necropsy findings in 3 patients who died between 4 
and 14 weeks after episodes of acute pancreatitis are 
described. The most striking features were the extent 
of extraperitoneal necrosis and the comparative nor- 
mality of residual portions of the pancreas. It is sug- 
gested that when the duct system is disrupted, the 
secretions of the surviving pancreas cause progressive 
enzymatic destruction of extrapancreatic tissues and 
thus contribute to the mortality of the disease. 


ACUTE inflammation of the pancreas varies in severity 
from the focal pancreatitis commonly encountered as 
an incidental finding at necropsy to the form which 
results in total necrosis of part of the pancreas and its 
duct system. Some patients who survive the latter 
catastrophe later die with large extraperitoneal 
abscesses. In 3 such instances the most striking post- 
mortem findings were the extent of the extraperitoneal 
necrosis and the comparative normality of surviving 
portions of the pancreas. 


Case reports 

Case 1: Necropsy was performed 7 weeks after laparotomy and 
drainage for a classic attack of acute haemorrhagic pancreatitis 
in a woman of 62 who did not have stones. A faecal fistula had 
developed 8 days before her death. 

The greater part of the pancreas and much of the omental 
tissues had been destroyed, leaving only soft necrotic material. 
About 3cm of the tail of the pancreas had survived. Fat 
necrosis affected the retroperitoneum; the perinephric tissue, 
particularly on the left side, was partly necrotic. In the right 
paracolic gutter a large abscess, containing foul pus stained by 
faeces, opened into the ascending colon and on to the abdominal 
wall, The general peritoneal cavity was shut off from the abscess 
by adhesions and was not involved in the inflammation, 
though fibrous adhesions resulting from the initial fat necrosis 
had matted loops of intestine together. 

Microscopic examination of the surviving portion of the 
pancreas showed remarkably little abnormality except for 
digestion of the peripancreatic fatty tissue. The vessels were not 
thrombosed, the ducts were not dilated, the islets were normal! 
and there was no abnormality in the greater part of the exocrine 
tissue. In view of the necropsy findings it was inconceivable that 
a duct system could have connected the residual pancreas to the 
duodenum, and it was assumed that pancreatic secretion had 
been discharged directly into the retroperitoneum. 


Case 2: Post-mortem examination was made 4 weeks after the 
presumed onset of an episode of acute pancreatitis in an obese 
woman of 72 with a past history of right hemiparesis and inter- 
mittent claudication. A peripancreatic abscess with fat necrosis 
in its walls was drained 2 weeks after admission to hospital. 
At necropsy the general peritoneal cavity appeared virtually 
normal apart from fibrous adhesions in the right upper abdo- 
men. Acute pancreatitis had destroyed the greater part of the 
pancreas. The retroperitoneum was severely inflamed, with fat 
necrosis and fluid necrotic debris expending laterally to both 
kidneys and downwards to the caput caeci. The inflammation 
extended to the gallbladder which contained six mixed gall- 
stones. Stones were not present in the common bile duct. It was 
not easy to identify surviving pancreas at necropsy but two 
blocks measuring respectively 1 and 2-5 cm in diameter were 
recognized and were examined microscopically. Both contained 


oid foci of fat necrosis but most of the tissue appeared to have 
survived well enough to secrete normally. 


Case 3: Necropsy was carried out in a man of 61 14 weeks after 
the presumed onset of acute pancreatitis following cholecystec- 
tomy, removal of stones from the common bile duct and sphinc- 
terotomy. Shortly before death 1300 ml of fluid had been 
drained from an abscess in the left flank. 

The head and body of the pancreas were firm and did not 
show gross necrosis. The tail of the pancreas was represented 
by pultaceous, totally necrotic tissue. The common bile duct 
was patent and stones were not present. The necrotic material 
around the tail of the pancreas formed a small part of the upper 
anteromedial wall of the large extraperitoneal abscess. The 
abscess dissected behind the left kidney, downwards over 
the posterior abdominal wall extending from the flank to the 
vertebral column before turning anteriorly and terminating in 
the suprapubic extraperitoneal tissue. It contained pink-grey 
turbid fluid with granules of necrotic tissue and was not fou! 
smelling. It was not walled off by fibrous tissue and the muscles 
which formed its outer wall had been partly digested and were 
soft, friable and buff-grey. On microscopic examination 
bacteria were not found in the wall of the abscess or in its 
contents. The head and body of the pancreas showed only 
small foci of necrosis and were, in the main, structurally 
normal. 


Discussion 

The necropsy findings in these late fatalities illustrate 
the complications which may occasionally develop in 
cases of acute pancreatitis suffering necrosis of major 
portions of the pancreas and its duct system. The 
patients died 4-14 weeks after the presumed onset of 
the acute attacks, but the findings at necropsy sug- 
gested that digestion and necrosis of the extraperi- 
toneal tissues were active at the time of death. By 
contrast, the histological appearances of the surviving 
portions of the pancreases were comparatively normal, 
and the abnormalities which were present seemed un- 
likely to be capable of inhibiting the secretory capacity 
of the residual exocrine tissue. This combination of 
findings suggests that the continuing digestion of 
extrapancreatic tissue after the acute phase of the 
disease has subsided is the result of escape of secretion 
from surviving residual pancreas. When a substantial 
portion of the pancreas and its duct system becomes 
necrotic, the presence of surviving pancreas, func- 
tionally separated from the duodenum by damage to 
its duct system, constitutes a continuing hazard. Case 3 
is a dramatic illustration of the digestive power and 
spreading capacity of pancreatic enzymes. 

Pancreatic secretion from viable portions of the 
pancreas appears to be the primary mechanism of 
pancreatic pseudocyst formation both in its experi- 
mental (Warren et al., 1957) and naturally occurring 
forms (Howard and Jordan, 1960). The results of 
failure to localize the secretions are seen in the present 
cases. The development of these complications has 
obvious relevance to treatment, lending some support 
to the contentions of those who advocate radical 
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-surgical measures such as partial or total pancreatec- 

tomy early i in. the course of acute haemorrhagic pan- 

_ creatitis (Edelmann and Boutelier, 1974; Hollender, 
i 1974; Norton and Eiseman, 1974; Rettori et al., 1974). 
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Dissolution of retained bile duct stones using heparin 


SRINIVASA CHARY* 


SUMMARY 

Five cases of retained bile duct stones treated with 
heparin in normal saline are reported. In 2 cases the 
stones were retained in the left hepatic duct, proximal 
to the T tube. Infusion of heparin in normal saline was 
found to be simple and effective in treating retained bile 
duct stones without obvious side-effects. If stones are 
inadvertently left in the common bile duct following sur- 
gery, attempts should be made to encourage them to 
pass by heparin infusion through the T tube before a 
second operation is contemplated. Sufficient time must 
be oe before the treatment is considered to have 
failed. 


UNFORTUNATELY the retention of gallstones in the 
common bile duct following surgical exploration does 
occur and presents a therapeutic problem which per- 
sists in spite of advances in operative cholangiography, 
ultrasonography and fibre-optic exploration of the 
bile duct. 

As an alternative to a second operation, retained 
bile duct stones have been dissolved using sodium 
cholate (Way et al, 1972; Toouli et al, 1974) or 
heparin (Gardner et al., 1971; Gardner, 1973) as an 
infusion into the bile duct through a T tube. It has 
also been shown that a higher concentration of sodium 
cholate is more effective (Toouli et al., 1974) in dis- 
solving stones, with a corresponding increase in side- 
effects. Alternatively, heparin in normal saline, which 
has the advantages of being simpler and more readily 
available with no obvious side-effects, has been used 
successfully. We report here the use of heparin in 
normal saline in 5 cases with retained stones. 


Patients 

Case 1: A 23-year-old female was admitted to hospital with 
acute pancreatitis. At emergency laparotomy a number of 
small stones were found in the gallbladder and the common 
bile duct was full of stones. A cholecystectomy was performed 
and the common bile duct explored. Several stones were 
removed before drainage with a T tube. A routine postoperative 
cholangiogram on the seventh day revealed several retained 
stones in the common bile duct and two in the left hepatic 
duct (Fig. 1). In view of the poor general health of the patient, 
it was felt that re-exploration was unjustified. Because of the 
apparent simplicity of using heparin in normal saline (Gardner 
et al., 1971) the patient received 50 000 units of heparin in 
500 mi of normal! saline infused over a period of 12-14 hours 
daily for 3 weeks. At the end of this time the stones in the 
hepatic duct were slightly smaller (Fig. 2) but the T tube was 
accidently removed and the infusion discontinued. The patient 
experienced colicky upper abdominal pain twice when the 
infusion was in progress but had no further symptoms. Two 
months later an intravenous cholangiogram showed no 
evidence of retained stones in the bile ducts. 


Case 2: A 58-year-old female underwent laparotomy for 
recurrent biliary colic with episodes of pancreatitis. The gall- 
bladder was removed and the common bile duct explored. 
Several stones were removed and the duct drained with a T 
tube. A routine postoperative cholangiogram on the seventh 
day revealed at least six stones in the common bile duct (Fig. 3). 
The patient was given 2000 mi of normal saline daily for 5 days 
directly into the T tube. Gravity was used to achieve as rapid a 
flow rate as possible in an attempt to flush the stones into the 


duodenum. This approach was unsuccessful and 25 000 units 
of heparin in 500 mi of normal saline was then given over a 
period of 6-8 hours daily for 8 weeks. Four episodes of 
colicky upper abdominal pain were experienced by the patient 
when the infusion was in progress. Serial T tube cholangio- 
grams indicated reduction of stone size and after 11 weeks all 
the stones had passed (Fig. 4). This patient received the last 4 
weeks of treatment as a day case, including Sundays. 


Case 3: A 35-year-old female underwent cholecystectomy, 
transduodenal exploration of the common bile duct and 
removal of two stones from the common bile duct, which was 
drained with a cystic duct cannula. On the eighth postoperative | 
day a routine cholangiogram revealed three fairly large stones 
in the common bile duct (Fig. 5). For 3 days the patient 
received 2000 ml of normal saline as before directly into the 
T tube. Once again this did not cause passage of the stones. 
Heparin (50 000 units in 500 mi of normal saline) was infused 
into the common bile duct daily over 6-8 hours for 3 weeks. 
While the treatment was in progress no side-effects were noted ; 
interestingly, on this occasion no pain was experienced by the 
patient. A cholangiogram at the end of the third week showed 
that the retained stones had passed (Fig. 6). 


Case 4: A 60-year-old man was admitted to hospital with 
Escherichia coli septicaemia due to ascending cholangitis. After 
initial resuscitation and antibiotic therapy the patient improved 
and the jaundice subsided. At operation he was found to have 
an empyema of the galibladder, adherent to the duodenum, 
which on separation left a duodenal opening. As the common 
bile duct was dilated it was explored, but no stones were 
detected and the bile duct was drained with a T tube. The 
general condition of the patient was poor and an operative 
cholangiogram was not performed, The duodenal fistula was 
closed around a de Pezzer’s catheter for drainage which, after 
removal, healed with little trouble. 

The postoperative cholangiogram was deferred until the 
fourth week when it showed a stone at the lower end of the 
common bile duct (Fig. 7). For 5 days normal saline, 2000 ml 
daily, was infused rapidly in an attempt to flush the stone 
into the duodenum. This was unsuccessful and was accom- 
panied by rigors and fever. Culture of the bile revealed Æ. coli 
and the infusion was discontinued and gentamicin given. 
Fight days later the bile was sterile and infusion with heparin 
was commenced. Heparin, 50 000 units in 500 ml of normal 
saline, was infused over 6-8 hours daily. For the first 3 days 
the patient was treated as an inpatient and for the next 3 weeks 
as a day case, including Sundays. Three episodes of pain were 
experienced by the patient while the treatment was in progress 
in hospital. The pain was relieved by sublingual glyceryl- 
trinitrite tablets. At the end of this period a further T tube 
cholangiogram showed that the stone had passed (Fig. 8). 


Case 5: A 28-year-old female underwent an elective operation 
for cholelithiasis without jaundice. At operation she was found 
to have a chronically inflamed gallbladder containing stones 
and the common bile duct measured 6-7 mm in diameter and 
contained several stones. A choledochotomy was performed 
and four stones from the lower end of the common bile duct and 
one from the left hepatic duct were flushed out under direct 
vision with a choledochoscope. Another stone which was im- 
pacted in the left hepatic duct resisted all attempts to remove it. 
To avoid intrahepatic rupture of the bile ducts (Goldman et al., 
1976) the procedure was abandoned and the common bile duct 
drained with a T tube. A postoperative cholangiogram con- 
firmed the left hepatic duct stone on the eighth postoperative 
day (Fig. 9). For 3 days 2000 ml of normal saline was infused 
daily in an attempt to flush out the stone. The foot of the 
patient’s bed was raised in an attempt to encourage flow in the 
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Fig. 1. T tube cholangiogram (Case 1) showing stones in the Fig. 3. T tube cholangiogram (Case 2) showing multiple 
left hepatic duct and common bile duct before infusion. retained stones. 


Fig. 2. Cholangiogram showing reduction in stone size after Fig. 4. Cholangiogram after 11 weeks’ infusion as a day case 
2 weeks’ infusion with 50 000 units of heparin in 500 ml of with 500 ml of normal saline containing 25 000 units of 
normal saline (Case 1). heparin (Case 2). 
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Fig. 5. Cholangiogram via cystic duct cannula showing Fig. 7. T tube cholangiogram showing dilatation of the 
multiple retained stones (Case 3). common bile duct with a retained stone at the lower end 
(Case 4). 


Fig. 6. Cholangiogram 3 weeks after infusion with 50 000 Fig. 8. Cholangiogram showing disappearance of stone after 
units of heparin in 500 ml of normal saline; the stones have 3 weeks’ infusion of 50 000 units of heparin in 500 ml of 
passed (Case 3). normal saline (Case 4). 
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Fig. 9. T tube cholangiogram showing stone in the left 
hepatic duct (Case 5). 


Fig. 10. T tube cholangiogram after 4 weeks’ infusion of 
50 000 units of heparin in 500 ml of normal saline (Case 5). 


right direction. Unfortunately, this was again unsuccessful. 
Heparin, 50 000 units in 500 ml of normal saline, was infused 
through the T tube for 6-8 hours daily for 7 days as an 
inpatient and subsequently as a day case, including Sundays, 
for 3 weeks. The foot of the bed was elevated each time the 
infusion was given. The patient experienced colicky upper 
abdominal pain, for which no treatment was required, on two 
occasions. A cholangiogram performed in the second week 
showed a slight decrease in the size of the stone. A second 
X-ray at the end of the treatment period showed that the stone 
had disappeared (Fig. 10). 


Discussion 

The successful treatment of retained gallstones by 
heparin in normal saline suggests that in patients 
where retained stones are present, further surgery need 
not necessarily be contemplated. 

In the first case the T tube was accidentally removed 
after 3 weeks of heparin treatment and it is difficult to 
comment upon whether the stone had passed because 
of a reduction in size or as a natural event. Stones 
proximal to the T tube may become smaller and in the 
presence of further irrigating fluid may pass spon- 
taneously through the ampulla. In the other cases it is 
reasonable to deduce that stones fragment (Gardner, 
1975) and when small enough may pass through the 
ampulla. In the first and fifth cases the infusion was 
given after raising the foot of the bed in an attempt to 
increase flow towards the hepatic ducts. 

Another potential problem in infusing solutions 
into the common bile duct has been the possibility of 
introducing infection and causing cholangitis. We have 
not found this to be the case in our patients, although 
cultures of common bile duct bile should be under- 
taken prior to commencing an infusion of any kind. 

In 4 of our cases it proved possible to treat the 
patient as a day case without the patient’s spending 
the entire time in the hospital. For obvious reasons the 
patient must be given a trial infusion for a few days 
as an inpatient before considering this course of action 
as the colicky pains experienced by some of the 
patients during infusions were probably an indication 
of obstruction in the duct. The pain was not severe and 
was usually controlled with oral analgesics. 

Recently normal saline in large quantities has been 
infused with lignocaine and Pro-Banthine to effect the 
passage of small stones (Castelden, 1976). It may be 
that the main effect of infusion is to encourage stones 
and debris to pass into the duodenum. Our attempts to 
do this with normal saline failed, but heparin was 
successful in 4 patients. Heparin is simple to use, 
readily available and does not have some of the in- 
herent disadvantages normally associated with sodium 
cholate, which include diarrhoea (Toouli et al., 1974) 
and cholangitis with rapid normal saline infusion 
(Castelden, 1976). We have noted that the necessary 
infusion period with heparin seems to be longer than 
sodium cholate but there are fewer side-effects. 
Heparin was not favoured on the strength of in vitro 
studies (Bell, 1974; Toouli et al., 1974) and earlier 
operative procedures had to be carried out in such 
‘failed cases’. We feel that heparin may take 4-5 
weeks on average to eradicate retained stones, thus 
increasing the cost of the treatment as an inpatient, 
but possibly reducing operative mortality. 

Obviously some form of controlled study is neces- 
sary to assess the heparin properly but, more im- 
portantly, further in vitro work will be needed to see 
whether stones become softer or lose weight in the 





presence of various solutions. It has already been 
shown that sodium cholate can cause a reduction in 
the weight of stones in vitro (Lahana et al., 1973). 
Although heparin seems to change the electrical 
potential in the presence of bile, thus preventing 
agglomeration of particles (Gardner, 1975), it has not 
usually reduced the weight of stones in vitro. 

Further work is obviously required to assess the 
importance of various solutions in this situation; 
nevertheless, if stones are inadvertently left behind in 
the bile duct then a prolonged attempt should be made 
to treat them by infusion prior to contemplating 
further surgery. 
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The implications of scrotal interference for the 
preservation of spermatogenesis in the management 


of testicular tumours 


P. R. M. THOMAS, M. D. MANSFIELD, W. F. HENDRY AND M. J. PECKHAM* 


SUMMARY r 

Seminal analyses have been performed in 14 patients 
who have received radiation therapy following unilateral 
orchidectomy for testicular tumours. In patients receiv- 
ing scrotal in addition to para-aortic and pelvic lymph 
node irradiation azoospermia occurred in 17 out of 18 
specimens examined, whereas in those patients not re- 
quiring scrotal irradiation, restoratian of spermato- 
genesis occurred. The difference is a result of the 
increased dose of radiation received by the remaining 
testicle when the contralateral side of the scrotum is 
irradiated. 

Following scrotal aspiration, trans-scrotal biopsy or 
scrotal erchidectomy for testicular tumour, the scrotum 
becomes a possible site of recurrence and it should be 
electively irradiated. In order to give the patient the 
best chance of preserving fertility it is essential that 
scrotal interference in the management of testicular 
tumours must be avoided. 


Ir a testicular tumour is suspected the testis should be 
delivered through an inguinal incision and, only when 
the spermatic cord has been clamped, should the sur- 
face of the suspicious testicle be incised. Unfortu- 
nately, however, scrotal interference not infrequently 
occurs. This may take the form of a transscrotal 
needle aspiration, transscrotal biopsy followed by 
delivery of the tumour-bearing testicle through an 
inguinal incision, or orchidectomy via a scrotal 
incision. 

The risk of scrotal recurrence after scrotal incision 
has been clearly documented by Stephen (1958) and 
Markland (1971). In the London Hospital series of 252 
patients who had had high-cord ligation via inguinal 
incision, only one patient developed an inguinal node 
or scrotal recurrence, whereas of 38 patients who had 
undergone transscrotal biopsy or orchidectomy, 12 
recurred in the inguinal nodes and/or scrotum 
(Blandy, 1976). 

For this reason it is our policy, whenever there has 
been prior scrotal interference, to irradiate the tumour- 
bearing scrotal sac and draining inguinal lymph nodes 
in addition to the ipsilateral pelvic nodes and para- 
aortic area. 

The purpose of the present study is to examine the 
effect of scrotal irradiation on spermatogenesis. 


Method 
The radiation technique and dosage delivered by a linear 
accelerator to the nodal areas have been described in a previous 
publication (Peckham and McElwain, 1974}. The dose to the 
remaining testicle was measured by lithium fluoride thermo- 
luminescent dosemetry. The capsules were placed on the 
testicle under a shield, consisting of two moulded lead cups 1 cm 
thick, employed to reduce the dose received by the testicle from 
external scattered radiation. 

The radiation to the scrotum was delivered using a 250 kV 
X-ray apparatus. The dose was 3000 rad in 4 weeks in those 
patients with a seminoma and 4000 rad in 4 weeks for a 


teratoma. An individual lead mould was made for each patient 
to protect the remaining testicle and the penis from external 
scattered radiation. The average thickness of the lead was 3 mm. 
Lithium fluoride capsules were placed over the testicle under 
this shield. 

If the initial sperm count was less than 20 million/ml! a 
second specimen was examined and the higher value quoted. 
The criteria of normality as described by Macleod (1971) have 
been followed. 


Results 

The results in 13 patients are presented. Nine were 
studied prospectively and 4 retrospectively. All seminal 
specimens with total counts of more than 1 million 
showed acceptable sperm motility. 


Table I: RESULTS OF CASE 1 (TESTICULAR DOSE 
39 RAD) 


Interval after Sperm count Total sperm 


treatment (mth) (108/mi) count (10°) 
6 Too few to count <1 
10 10 20 
12 7 21 
15 16 64 


Table I1: RESULTS OF CASE 2 (TESTICULAR DOSE 
33 RAD) 


Interval after Sperm count Total sperm 


treatment (mth) (10°/ml} count (10%) 
Before treatment 34 34 
2 190 190 
4 15 30 
7 3 3 
10 86 129 


Table HI: RESULTS OF CASE 3 (TESTICULAR DOSE 
§2 RAD) 


Interval after Sperm count Total sperm 


treatment (mth) (10%/ml) count (10°) 
Before treatment 14 42 

2 13 39 

4 3 9 

6 Too few to count <] 

9 4 12 


Prospective study 

The results obtained in 3 patients who had para- 
aortic and ipsilateral pelvic nodal irradiation only are 
shown in Tables I, I] and JH. The examination of the 
pretreatment semen specimen of Case 1 was technically 
unsatisfactory but his serum follicle stimulating hor- 
mone (FSH) level was normal. A normal serum FSH 
concentration indicates absence of gross damage to 
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Table IV: RESULTS OF PATIENTS RECEIVING SCROTAL RADIOTHERAPY 


j Scrotal Initial sperm 
Patient Testicular contribution count 
No. dose (rad) (rad) (10°/ml) 
4 135 75 32 
k 142 86 20 
6 138 7 
7 148 87 43 
8 148 110 78 
9 201 171 20 


the germinal epithelium (Bramble et al., 1974). It can 
be seen that despite a fall in sperm count some 
recovery has occurred in all 3 patients and normal 
counts have been recorded in Cases 1 and 2 at 15 and 
10 months after treatment respectively. 

Six patients who required scrotal radiotherapy were 
studied (Table 1V). The testicular dose was not re- 
corded during the nodal radiotherapy for Case 6 whose 
initial sperm count (7 million/ml) was in the sub-fertile 
range. Only one postradiation specimen was examined 
in 3 patients. Two of the 3 have subsequently relapsed 
(Cases 5 and 9) and received chemotherapy, thus 
becoming unsuitable for further study. The third 
patient (Case 7) is not being followed up at the Royal 
Marsden Hospital. In the group receiving scrotal 
irradiation, all 13 postradiation specimens sampled 
up to 15 months have shown complete azoospermia 
(Table IV). 


Retrospective study 

Five patients who had requested seminal analysis 
because of anxiety about possible infertility have 
been studied some years after radiotherapy (Table V). 
It can be seen that those patients whose scrotums were 
irradiated have fared much worse than the patient 
receiving nodal irradiation only. Despite a marginally 
reduced sperm count, this latter patient’s wife became 
pregnant soon after the assay and has subsequently 
produced a normal infant. 


Discussion 

Fertility following radiation for testicular tumours 
has been reported in an American series (Orecklin 
et al., 1973) and in a previous paper from the Royal 
Marsden Hospital (Smithers et al., 1973). In these 
patients, however, radiotherapy was limited to the 
draining lymph node areas and the marked dis- 
crepancy in the semen analyses between the patients 
receiving scrotal irradiation and those in whom this 
was not necessary must be ascribed to the increased 
testicular radiation dose, due to unavoidable internal 
scatter during the scrotal therapy. 

Nevertheless, it is too early to conclude that these 
patients will remain permanently infertile, although 
the results of the retrospective study are not encourag- 
ing in this respect. As far as cell death is concerned 
some of the early type A spermatogonia (stem cells) 
are less radiosensitive than subsequent generations of 
spermatogonia (Zuckerman, 1965), and repopulation 
can slowly occur. This explains why in one series of 
` patients treated for testicular tumours (Amelar et al., 
1971) (inguinal incisions and nodal radiotherapy) 
complete restoration of sperm counts took up to 4 
years. Thus, there is a slender chance that Case 12 
may eventually recover fertility as the one sperm seen 
must have originated from a spermatogonium. The 
decreased radiosensitivity of the spermatocytes and 


Interval after 
treatment (mth) 


Total initial 
sperm count 


Subsequent 
sperm counts 


112 0 4,9, 12 
30 0 4, then relapsed 
7 0 7, lost to follow-up 
215 Q 4,9,12 
390 0 4,9, 12, 15 
100 0 5, then relapsed 


Table V: RESULTS OF PATIENTS STUDIED 
RETROSPECTIVELY 


Total Interval 
sperm after 
Patient Sperm count count treatment 
No. Radiotherapy (10*/m}) {10*) (yr) 
10 Scrotal and nodal 0 0 2, 24 
tI Nodal only 16 32 34 
12 Serotal and nodal One dead <1 3 
sperm seen 
13 Scrotal and nodal 0 0 2 
l4 Scrotal and nodal 0 0 24 


spermatids (Zuckerman, 1965) explains why the nadir 
of the sperm count in our patients occurred some 
months after radiation (Tables I-III). As far as muta- 
genesis is concerned, however, the spermatids and 
spermatocytes are more radiosensitive than the 
spermatogonia (Zuckerman, 1965). For this reason 
conception during the first few months after irradia- 
tion may present the most hazards. This suggests 
that recovering spermatogenesis carries perhaps a 
relatively low risk of mutations, and limited evidence 
for this is provided by the previously mentioned series 
(Orecklin et al., 1973; Smithers et al., 1973). 

Resumption of spermatogenesis and preservation of 
fertility are obviously important considerations in the 
management of the young adult male with a testicular 
tumour and should be borne in mind when considering 
other treatment approaches such as retroperitoneal 
node dissection, where many of the patients develop 
ejaculatory impotence and are sterile (Walsh et al., 
1971) and where treatment results are broadly com- 
parable with those obtained by orchidectomy and 
nodal irradiation (Peckham and McElwain, 1975). It 
is of great importance that exploration of the testicle 
for suspected tumours is carried out through a groin 
incision and that scrotal interference is avoided. Our 
results indicate that if scrotal irradiation is considered 
necessary, sterility, despite attempts at protecting the 
remaining testicle, is almost invariable, whereas follow- 
ing high-cord ligation there is a good prospect of 
resumption of spermatogenesis. 

Finally, our results would suggest that when a 
young man who has had prior scrotal interference 
requires radiotherapy for a testicular tumour, a 
temporary lateral transposition of the remaining 
testicle to the thigh might be considered before the 
radiotherapy. 
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Fissure-in-ano: the initial management and prognosis 
M. R. LOCK AND JAMES P. S. THOMSON* 


SUMMARY 

The results of treatment of 188 consecutive new patients 
with a primary diagnosis of fissure-in-ano presenting to 
the Outpatient Department of St Mark's Hospital are 
reviewed. One-third underwent operation as the primary 
treatment and were not studied further. Of the remaining 
patients who underwent non-operative treatment only, 
one-half were initially cured. Follow-up at 4 years 
showed that this cure was maintained in half of these 
cases, suggesting that there is a place for treatment with 
a dilator in the correctly selected case. 

The presence of a sentinel skin tag or a fibrous anal 
polyp is shown to have a statistically significant associa- 
tion with operative treatment. The use of a paediatric 
sigmoidoscope to diagnose a fibrous anal polyp is 
recommended, 


FISSURE-IN-ANO is a common and painful problem. 
The initial approach to treatment is non-operative in 
most patients and an anal dilator with some form of 
anaesthetic lubricant is most frequently employed. 
Some patients with fissure have early operative treat- 
ment but a large number only come to operation 
following a long history and an uncomfortable course 
of conservative treatment. 

The purpose of this study is to investigate the initial 
management and its outcome in a consecutive series of 
patients presenting to an outpatient department. An 
attempt is made to identify prognostic signs which 
indicate the need for earlier operation. Details of 
operative treatment and its outcome have been fully 
described elsewhere (Parks 1967; Hawley 1969; 
Notoras 1969) and are mentioned only briefly in the 
present study. 


Patients and methods 

The case records of the 1712 new patients presenting to the 
Outpatient Department at St Mark’s Hospital for the first time 
between January and June 1972 were studied. One hundred and 
ninety (13:1 per cent) were found to have a fissure-in-ano. Of 
these, 188 patients had a fissure-in-ano unrelated to other 
disease and these patients formed the basis of the present study. 
There was also one patient with anal leukoplakia and one with 
Crohn's disease of the terminal ileum presenting with an anal 
fissure. Forty of the patients were non-European. Information 
from the notes was transferred to a specially designed pro 
forma suitable for computer analysis. The outcome of the 
different methods of treatment was correlated with variables 
of the presenting symptoms and clinical signs using the y* test. 


Results 


Age and sex 

The series comprised 110 (58-5 per cent) male patients 
and 78 (41-5 per cent) female patients with an age 
range from 11 months to 72 years. There were, how- 
ever, only 2 prepubertal patients. The peak overall 
incidence of fissure was in the third decade, but the 
peak incidence in women was a decade earlier than in 
men (Fig. 1). This difference in the pattern of age 
distribution in the two sexes was significant at the 
1 per cent level. 


No. of patients 


History 
The length of history ranged from 1 day to 17 years. 
Fifty-five per cent of the patients had a history shorter 
than 3 months. The patients usually presented with 
two or more symptoms; these were pain (87:8 per cent), 
bleeding (82-4 per cent), pruritis (44-1 per cent), an 
anal lump (28-7 per cent) or discharge (6-9 per cent). 
One hundred and fifty-four patients had a normal 
bowel habit immediately prior to the onset of symp- 
toms, 27 complained of an episode of constipation and 
only 7 of an episode of diarrhoea. There was no signi- 
ficant change in the bowel habit of 82 per cent of the 
patients after the start of symptoms. 
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Fig. 1. Age and sex incidence of fissure-in-ano in 188 
patients. 














Forty-five patients had had previous treatment for 
fissure-in-ano. Of these, 42 patients had used a locally 
acting anal preparation, 2 had used an anal dilator 
and 1 had undergone manual dilatation of the anus. 
It is interesting to note that 6 women dated the onset 
of their symptoms from the birth of a child and 3 of 
these patients had had symptoms for at least 4 years 
before the time of presentation. 

Previous minor surgery to the anal canal for other 
conditions had been performed in 7 patients (injection 
sclerotherapy for haemorrhoids in 3, haemorrhoid- 
ectomy in 2 and laying open of a fistula in 2 patients). 


Signs 

All the patients were examined in the left lateral 
position. In 185 patients the diagnosis was made on 
inspection alone and in only 3 was proctoscopy neces- 
sary to establish a diagnosis. One fissure was present 
in 169 patients, 2 fissures in 18 patients and only one 
patient had multiple fissures. Sigmoidoscopy was per- 
formed at some stage in the management of 165 (88 
per cent) of the patients and findings were abnormal 
in 8. These abnormal sigmoidoscopic findings were 
relevant to the further management in 5 of these 
patients but not specially to the fissure-in-ano (Table I). 
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Table I; ABNORMAL SIGMOIDOSCOPIC FINDINGS 
IN 8 PATIENTS 


ime 





Distal proctitis i 
Pedunculated adenoma i* 
Sessile adenoma i 
Taenia saginata infestation 1* 
Condyloma acuminata (above dentate line} 1* 
Melanasis coli I 


Metaplastic polyps 2 


* Relevant to further management. 


Table If: SITE OF FISSURES IN 188 PATIENTS 


No. of cases PA 
Posterior alone 142 75-6 
Anterior alone 26 13-8 
Posterior and anterior 1S 8-0 
Lateral a 2-6 


Table Hl: SEX DISTRIBUTION IN 183 PATIENTS 
WITH ANTERIOR AND POSTERIOR FISSURES 


Men Women 
No. WA No, yA 
Posterior 90 4-2 52 68-4 
Anterior alone — 10 9-3 16 21:1 
Posterior and anterior 7 6°5 8 10-4 


Table IV: SEX DISTRIBUTION IN 188 PATIENTS OF 
TAG, POLYP OR SPASM 


Men (110) Women (78) 


No. ee No. ve 
Tag 35 31-8 38 48-7 
Polyp al 19-4 10 12:8 
Spasm 80 72:7 50 64l 





Fig. 2, Flow chart showing results of treatment. (* Percentage 
of total series.) 


Site 

The various sites of the fissures are shown in Table II. 
It is noted that 97-4 per cent of the patients had either 
posterior or anterior fissures singly or in combination. 
Lateral fissures were present in only 2°6 per cent of 
the patients and in all but one they were in combina- 
tion with an anterior or posterior fissure. The sex 
distribution of the 183 patients with anterior and 
posterior fissures is shown in Table II. The incidence 
of an anterior fissure occurring alone in women is 
significantly greater than in men (y? = 4-68, P< 0-05). 


Occurrence of tag, polyp, spasm and other anal 
conditions | ° 

An external skin tag (sentinel pile) in relation to the 
fissure was found in 73 (38-8 per cent) of patients and 
was most commonly associated with a posterior fissure. 
There was a significantly greater incidence (Table IV} 
of a skin tag in the female patients when compared 
with the male patients (y? = 4-48, P < 0-05). 

A fibrous anal polyp above the fissure at the level 
of the dentate line was found in 31 (16°5 per cent) of 
the patients and was most commonly related to a 
posterior fissure. There was no significant difference 
in the sex distribution. All 31 patients with fibrous 
anal polyps had pain as a presenting symptom. 

Anal spasm was present in 130 (69-2 per cent) of 
patients. However, the incidence was similar for both 
anterior and posterior fissures and for both men and 
women. The other associated anal conditions com- 
prised bridging of the fissure (fissure-fistula) in 11 
patients, posterior intersphincteric abscess in 3 patients 
and haemorrhoids requiring treatment in 29 patients. 


Treatment 

The methods of treatment fell into two broad groups: 
non-operative (conservative) and operative. Initially 
the majority of patients (137) received conservative 
treatment with a St Mark’s dilator (usually No. 2) and 
| per cent lignocaine (Xylocaine) gel or zinc and ich- 
thyol cream. This treatment was continued on average 
for 9 weeks. The 2 children were successfully managed 
by careful attention to bowel regulation. The remain- 
ing 51 patients, including all those with a fissure- 
fistula or an intersphincteric abscess, underwent 
operation as the treatment of first choice. The results 
of treatment in this series are summarized in the flow 
chart (Fig. 2). 


Results of non-operative treatment 

Four of the patients being treated non-operatively 
failed to attend for follow-up and thus only 133 
patients were available for assessment. 

There was healing of the fissure in 71 (54-2 per cent) 
of the patients, who were then discharged from further 
attendance. A long term follow-up of these patients 
by postal questionnaire was carried out in March 
1976. Replies were obtained from 58 patients and 33 
(56°9 per cent) had remained symptom-free. Twenty- 
five patients had recurrent symptoms attributable to a 
fissure but only 8 patients had received further treat- 
ment, including one who had undergone a lateral 
sphincterotomy elsewhere. 

Early failure of conservative treatment occurred in 

62 (46-6 per cent) of the 133 patients. Twenty-three of 
these patients had initial short-lived symptomatic 
relief but 39 had no change in their symptoms. Opera- 
tive treatment was advised for all of these 62 patients 
but only 51 accepted this advice. 
Complications. Two patients complained of severe 
pruritis ani whilst using | per cent lignocaine gel. One 
patient misplaced a No. 1 dilator in his rectum but 
this was removed in the outpatient department. 


Results of operative treatment 

Exactly one-half of the 102 patients who underwent 
operation had not had previous conservative treat- 
ment, and the average waiting-list time for these 
patients was 9-7 weeks. The 51 patients who had first 
been treated with a dilator had waited an average 


interval of 31 weeks from their first attendance until 
the time of operation. 

The main form of operative treatment was sphinc- 
terotomy together with removal of an associated skin 
tag or anal polyp. Lateral sphincterotomy was under- 
taken in 82 of the operative cases and dorsal sphinc- 
terotomy in 14 (including all those with a posterior 
fissure-fistula or an intersphincteric abscess). Manual 
dilatation of the anus was performed in only 6 patients. 
An additional haemorrhoidectomy was done in 20 
patients. 

In one patient the fissure failed to heal after opera- 

tion. This was a 52-year-old woman who had a 
posterior fissure-fistula laid open. The posterior 
fissure recurred and a lateral sphincterotomy was 
subsequently performed. 
Complications: Two patients had postoperative com- 
plications. In one elderly patient an Escherichia coli 
urinary tract infection developed following catheter- 
ization for acute urinary retention and in another 
patient there was a secondary haemorrhage from a 
haemorrhoidectomy performed at the same time as a 
lateral sphincterotomy. 


Factors influencing the outcome of conservative treat- 
ment 

Tag: Of the 73 patients who had a skin tag in associa- 
tion with a fissure-in-ano, 53 (72:5 per cent) eventu- 
ally required operation, although 25 of them initially 
underwent a full course of conservative treatment. In 
the 115 patients without a skin tag, however, operation 
was undertaken in only 49 patients (42:5 per cent). 
Thus, the presence of a tag is a significant indication 
for operation (y? = 15-00, P< 0-001). 


Fibrous anal polyp: Thirty-one patients had fibrous 
anal polyps. Operative treatment was required in 26 
(84 per cent) of these patients. In the group of 157 
without polyps, operations were performed in only 
76 (48 per cent) of patients. Thus, the presence of a 
fibrous anal poyp is also a significant indication for 
operative treatment (y? = 11°73, P< 0-001). 


Anal spasm: The presence of anal spasm on initial 
examination was not found to be related to the need 
for eventual operative treatment. 


Haemorrhoids: Of the 29 patients who had haemor- 
rhoids in addition to a fissure, 20 required some form 
of operative treatment. The remaining 9 patients 
underwent injection sclerotherapy in association with 
conservative treatment for anal fissure. 


Discussion 


Goodsall and Miles (1900) in their book Diseases of 


the Anus and Rectum reviewed 221 patients with 
fissure-in-ano treated at St Mark’s Hospital. They 
found a preponderance of female patients (60 per cent) 
and noted that anterior fissures occurred in 20 per 
cent of these female patients. In the male group only 
1 per cent had an anterior fissure. A sentinel pile was 
found in only 6 per cent of all cases and a ‘polypus’ 
(intra-anal fibrous polyp) was found occasionally. 
The present series showed a different sex distribution, 
with 58-5 per cent of the patients being male. However, 
there was a higher incidence in women than men in 
the under-20 age group. It is interesting to note that 
the incidence of anterior fissure in women is the same 
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Fig. 3. Small sigmoidoscope of the Lloyd-Davies pattern. 


in both series (20 per cent) but that the incidence in 
men is considerably greater in the present series. 

Six of the women dated the onset of their symp- 
toms from the birth of a child, which in 3 patients had 
taken place at least 4 years previously. It has been 
noted (Martin, 1953) that, during the puerperium, 
10:7 per cent of mothers have a fissure that heals 
within a short time. It is therefore apparent that a 
small number of these peuperal fissures do become 
chronic. 

An episode of constipation is stated to be a cause 
of acute fissure (Ball, 1910), a hard stool being forced 
against the posterior margin of the anus. Posteriorly 
the internal sphincter is poorly supported by the 
external sphincter which firmly embraces it laterally 
(Lockhart-Mummery, 1923) and the unsupported 
posterior anal mucosa, especially if there is a large 
crypt present, is easily damaged. Although a high 
incidence of constipation immediately preceding the 
onset of symptoms was not recorded in the present 
series, this does not reflect upon the habitual form of 
stool passed nor upon the possibility of trauma by a 
single scybalous stool. 

In most of the patients the diagnosis of a fissure was 
made on inspection by gently parting the anal margin. 
The ease of diagnosis may lead one to overlook the 
possibility of additional pathology relating to co- 
incidental disease or the fissure itself. A violaceous 
perianal discoloration or an oedematous skin tag 
may suggest the possibility of Crohn’s disease (Morson 
and Lockhart-Mummery, 1959). Tuberculosis, syphilis, 
leukoplakia, leukaemia, reticulosis, squamous carci- 
noma of the anus and perianal Paget’s disease may 
also present with a fissure. Digital, sigmoidoscopic and 
proctoscopic examination should be undertaken 
whenever possible. Because severe discomfort with 
anal spasm is often present, however, these aspects of 
the assessment may cause unnecessary suffering to the 
patient. In these patients it is almost always possible 
to introduce a well-lubricated infant sigmoidoscope of 
the Lloyd-Davies pattern, the diameter of which is 
only 10 mm (Fig. 3). With this instrument it Is possible 
to diagnose the presence of a fibrous polyp or haemor- 
rhoids and to examine the lower rectal mucosa. 

A fissure is an ulcer in the anal canal below the 
dentate line and which usually lies posteriorly. It has 
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been. established (Brossy, 1956) that it overlies the 
internal anal sphincter. It has long been recognized 
that such fissures can be cured by conservative therapy. 
Allingham (1873) recommended a non-constipating 
diet, laxatives and attention to personal hygiene. He 
emphasized the danger of aggravating the condition 
by producing diarrhoea from an over-zealous use of 
purgatives. If dietary methods failed, local treatment 
was instituted. The constitution of local applications 
varied but they usually contained an opiate to relieve 
pain and belladonna to alleviate sphincter spasm. 
These were applied in a thick bland base to protect 
the fissure from further trauma. Silver nitrate or pure 
ichthyol was added by some to promote healing 
(Gabriel, 1939). The cream was applied digitally but 
could also be introduced on a short rectal bougie in 
order to ensure its application to the proximal part 
of the fissure. The modern practice is to use an anal 
dilator with 1 per cent lignocaine gel, which is a good 
lubricant and local anaesthetic but which may occa- 
sionally cause pruritis owing to sensitization of the 
skin (Alexander, 1975). It is recommended that the 
instrument be used before the passage of a stool, to 
prevent an exacerbation of symptoms during defaeca- 
tion, and at two or three other times during the day. 
Fries and Rietz (1964) found that over one-half of 23 
patients treated in this way were relieved of their 
symptoms. In this series a similar percentage (54-2 
per cent) of patients receiving conservative treatment 
-were initially cured, but the long term follow-up 
showed that this was maintained in only one-half of 
these patients. Thus, there is an undoubted place for a 
course of conservative therapy in the correctly selected 
case, 

It is usually stated that operative treatment is 
reserved for patients with a “chronic fissure’, i.e. one 
in which the fibres of the internal sphincter are visible 
in the base with undermining of the edges. Whilst this 
is a correct indication, however, certain abnormalities 
may accompany an ‘acute’ fissure, i.e. one in which the 
internal sphincter is not visible in the base and there is 
no undermining of the edges. These include a fibrous 





anal polyp, haemorrhoids and skin tags. The findings 
of this study emphasize the necessity for operation in 
these patients to effect a permanent cure. Such patients 
are not suitable, therefore, for non-operative treat- 
ment and the early recognition of these associated 
problems is very important for the institution of the 
correct treatment, 
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The results of arterial reconstruction utilizing the 
profunda femoris artery in the treatment of 


rest pain and pre-gangrene 
D. A. HILL AND C. W. JAMIESON # 


SUMMARY 

Arterial reconstruction utilizing the profunda femoris 
artery was performed for rest pain and pre-gangrene in 
45 limbs. The preoperative mean ankle arterial pres- 
sure index of 0-21 (sd. 0-12) was increased to 0-52 
(s.d. 0-16) in the 22 limbs salvaged by the reconstruc- 
tion, 

In 38 limbs a proximal reconstruction was necessary 
in addition to profundaplasty. At a mean follow-up 
time of 15-4 months 41-6 per cent of the 36 patients 
were dead. 


PROGRESSION of degenerative arterial disease involv- 
ing both aorto-iliac and femoropopliteal segments 
may culminate in rest pain and gangrene of the lower 
extremity. 

Morris et al. (1961) drew attention to the value of 
reconstruction of the profundus femoris artery as a 
means of salvaging limbs with such advanced arterial 
disease. Martin and his colleagues developed the 
direct reconstruction of this vessel, demonstrating the 
considerable importance of this technique in the 
relief of severe ischaemia (Martin et al., 1972) and 
the frequency of stenosis of the profunda femoris in 
association with severe ischaemia (Beales et al., 1971). 

This paper presents a retrospective analysis of pro- 
fundaplasty performed in 45 limbs for limb salvage 
in | year. All operations were performed in the Vas- 
cular Unit of the Royal Postgraduate Medical School 
at Hammersmith Hospital. 


Patients and methods 

There were 36 patients in the series: 31 male and 5 female. 
The mean age of the patients was 66-4 years (s.d. 7-5}, The 
indications for profunda femoris reconstruction were rest pain 
and pre-gangrene. Patients suffering from claudication alone 
were exchided from the study. All patients had a long pro- 
gressive history of ischaemia of the lower limb and in all cases 
the underlying arterial lesion was atherosclerosis. 

The postoperative mean follow-up time was 15-4 months 
(s.d. 99). No patient was assessed until at least 6 months after 
surgery. All patients were individually assessed by one of the 
authors (D. A. H} 

Preoperative assessment of this group of patients included 
haematological and biochemical examination of the blood, the 
results of which are summarized in Table I, and assessment of 
ankle arterial pressure indices before and after exercise on a 
treadmill and arteriography. 

Follow-up consisted of clinical examination and the measure- 
ment of ankle arterial pressure indices using the Doppler ultra- 
sound technique described by Yao et al. (1968). 

The preoperative mean ankle arterial pressure index for the 
group was 0-22 (s.d. 0-16). 

All patients underwent preoperative arteriography. Trans- 
lumbar aortography was used routinely except in the unusual 
situation where a healthy contralateral femoral artery permitted 
retrograde aortography. 

Special views of the profunda femoris origin were obtained 
in all instances by the technique described by Beales et al. 
(1971). All patients in the series had occlusion of the superficial 


Table I: SUMMARY OF RESULTS OF 
HAEMATOLOGICAL AND BIOCHEMICAL 
INVESTIGATIONS 


Investigation Proportion tested 
Hb >17-0 g/dl «1/36 


Platelet count > 380 000/mm* 3/36 
Fasting serum cholesterol >62 mmol/l! 5/36 
Fasting serum triglyceride >16 mmol/l 10/36 
Glucose tolerance test with 2h 

Blood glucose level >66 mmol/l 17/29 


Table Il: SUMMARY OF CONCOMITANT 
DISEASES 
Proportion tested 


Old myocardial infarction 11/30 
Ischaemic changes on ECG 21/30 
Symptomatic cerebrovascular disease 8/29 
Hypertension > 150/90 17/31 
Peptic ulcer 9/30 
Cancer 5/36 


femoral artery with poor popliteal run-off, which contra- 
indicated a simultaneous or subsequent vein bypass. In 38 of 
the 45 patients arteriography demonstrated significant disease 
of the aorto-iliac segment, Radiographic demonstration of the 
profunda femoris artery was considered a prerequisite for its 
attempted reconstruction. 

The pattern of associated disease in the group is summarized 
in Table Ii. 


Operation 

Iliofemoral endarterectomy with profundaplasty was 
performed in 26 limbs. In 12 limbs a bypass graft from 
either the aorta or common iliac artery was used to 
perform the profundaplasty; in 7 limbs a profunda- 
plasty alone was performed. 

The operation was commenced by exposing the 
common femoral artery by a vertical incision over 
the femoral triangle. The profunda femoris artery 
was next dissected, healthy artery being found before 
the first perforating branch in the majority of cases. 
When profundaplasty without proximal reconstruc- 
tion was indicated, a lower common femoral arteri- 
otomy was extended into the profundus femoris, 
endarterectomy performed and the vessel closed with 
a vein patch in the manner described by Martin 
et al. (1972). 

The need for a proximal reconstruction was usually 
determined on the basis of the preoperative assess- 
ment and on the state of the common femoral artery 
when displayed at operation. When there was doubt 
as to the functional significance of radiologically 
demonstrated iliac lesions, direct arterial pressure 
studies were performed. A ‘direct needle puncture of 
the common femoral artery was made and a pressure 
tracing recorded. This pressure was compared with 
the upper limb arterial pressure and an indication of 





* Royal Postgraduate Medical School, Hammersmith Hospital, 
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Table Hi: LIMB SALVAGE RATES OF THREE 
DIFFERENT PROCEDURES 


Limb 

Reconstructive procedure salvage rate 
Proximal endarterectomy and profundaplasty 14/26 
Proximal bypass and profundaplasty 6/12 
Profundaplasty alone 2/7 
Table IV: SUMMARY OF COMPLICATIONS 
Early thrombosis of the reconstruction 13/45 
Early arterial haemorrhage 1/45 
Wound infection (no secondary haemorrhage) 5/45 


Table V: SUMMARY SHOWING CAUSE OF DEATH 
IN 15 PATIENTS 
Early 
Myocardial infarction 
Bronchopneumonia 
Spreading gangrene of leg 
Late 
Myocardial infarction 
Cerebrovascular accident 
Bronchogenic carcinoma 
Unknown 


een. | 


the pressure gradient across the aorto-iliac segment 
was gained, Papaverine HCI 15 mg was then injected 
into the common femoral artery and the drop in 
common femoral pressure was noted. A slow return 
to the preinjection pressure level was assumed to 
indicate a functionally significant proximal obstruc- 
tion, 

In cases with extensive aorto-iliac disease, especially 
if associated with arterial calcification, and in patients 
who had had previous iliac endarterectomy, proximal 
reconstruction was in the form of a bypass graft, 
either as an aortoprofunda Dacron bifurcation graft 
or as a common iliac profunda graft after performing 
endarterectomy of the proximal common iliac artery. 

The majority of patients in this study (26 of the 45) 
had atheromatous involvement of the external iliac 
artery with disease extending through the common 
femoral artery to involve the proximal segment of the 
profunda femoris artery. The superficial femoral 
artery was totally occluded in all these patients. Hio- 
femoral endarterectomy with vein patch profunda- 
plasty was performed as the operation of choice in 
patients with this disease pattern. 

Exposure of the iliac artery was in the manner de- 
scribed by Rosengarten et al. (1971). The vertical 
incision over the common femoral artery was ex- 
tended proximally to the level of the umbilicus, the 
inguinal ligament divided and the abdominal wall 
musculature divided vertically. This allowed the peri- 
toneum to be swept superomedially to give full expo- 
sure of the lower common iliac and external iliac 
arteries. 


Results 


Limb salvage 

A measured claudication distance of more than 100 m 
together with freedom from rest pain were considered 
the criteria of successful limb salvage. 

Clinical assessment of patients still surviving at the 
time of the follow-up study showed that 22 of the 45 
originally treated limbs fulfilled the criteria of suc- 
cessful limb salvage. This symptomatic improvement 
in 22 limbs was associated with an increase in the 
mean ankle arterial pressure index from 0-21 (s.d. 


0-12) to 0-52 (s.d. 0-16). This represents a statistically 
significant improvement (P < 0-001) by Student’s 7 test. 

The limb salvage rates for the three different recon- 
structive procedures are listed in Table 1/1. 


Amputations 

A total of 9 of the reconstructed limbs subsequently 
required amputation. No patient required bilateral 
amputation. Five of the 9 amputees were alive at the 
time of follow-up. | 


Morbidity 
The incidence of complications in 45 reconstructions 
is listed in Table IV. 


Mortality 

By the time of follow-up 15 of the 36 patients were 
dead, a mortality rate of 41-6 per cent. Seven deaths 
were early and 8 were late. The cause of death in 
these 15 patients is listed in Table V. 


Discussion 

Review of this group of patients revealed the high 
mortality rate of 41-6 per cent at the mean follow-up 
time of 15-4 months. Reference is frequently made 
to the high 2-year mortality rate in patients having 
major amputations for peripheral vascular disease. 
Kihn et al. (1972), in a large study of amputees, found 
a 2-year mortality rate of 41-2 per cent while Little 
(1973) reported a 2-year mortality of 33 per cent. 
Cardiovascular complications accounted for 66 per 
cent of the deaths in the group reviewed; this figure 
is similar to that found in Kihn’s study. It would 
appear that both groups are at a similar biological 
stage of ageing and that the high death rate in 
amputees is a function of this and not of their relative 
immobility as is often stated. 

The incidence of cerebrovascular (27-6 per cent) 
and coronary artery disease (70 per cent) was much 
higher than that reported in a larger series by Irvine 
et al. (1972). Their group had a 51 per cent incidence 
of subinguinal atherosclerosis and included claudi- 
cants as well as patients with rest pain and pre- 
gangrene. The group under review thus had more 
clinically demonstratable generalized degenerative 
vascular disease, which is possibly a reflection of 
the fact that their mean age was 10 years higher than 
the patients in Irvine’s group. 

The high incidence of peptic ulcer (30 per cent) in 
this group is similar to that described by Bouhoutsos 
et al. (1972). 

Doppler ultrasonic assessment of ankle artery pres- 
sures played an integral part in management. The 
preoperative mean ankle artery pressure index of 
0:22 (s.d. 0-16) is within the range described in 
patients with rest pain and pre-gangrene by Yao (1970). 
The increase in the mean ankle artery pressure of 0-31 
in the group with salvaged limbs is well above the 
critical level of 0-12 described by Lewis (1974) as 
being that which accompanies relief of rest pain. The 
clinical improvement observed in the 22 limbs having 
successful profunda femoris reconstructions is that 
which one would predict following an increase in 
mean ankle arterial pressure index from 0-21 (s.d. 
0-12) to 0-52 (s.d. 0°16). 

The radiographic pattern of disease was similar to 
that described in a much larger series by Martin et al. 
(1972). He found that 77 per cent of patients with 





superficial femoral artery occlusion had significant 
aorto-iliac disease, whereas 84 per cent of the group 
under review had similar proximal atherosclerosis. 
This high association of aorto-iliac atherosclerosis 
with superficial femoral artery occlusion reduces con- 
siderably the indication for profundaplasty as the 
sole reconstructive procedure. A proximal recon- 
struction must, in the majority of cases, be combined 
with profundaplasty to provide sufficient inflow for 
the profunda femoris to function as the sole artery 
of supply to the leg. 

Radiographic demonstration of iliac lesions can 
be deceptive, particularly in single-plane radiographs, 
and it is here that a functional assessment of flow in 
the iliac segment can be invaluable in deciding whether 
or not a proximal reconstruction is necessary. Intra- 
arterial injection of Papaverine HCI induces a peri- 
pheral vasodilatation in the limb which simulates the 
postexercise state. The fall in common femoral artery 
pressure and the rate of return to the preinjection 
level are a function of flow in the proximal vessels. 
This relationship was demonstrated in an animal 
model by Keitzer et al. (1965). A significant iliac 
lesion will result in a fall in common femoral artery 
pulse pressure with a slow return to preinjection levels 
following Papaverine-HCl-induced peripheral vaso- 
dilatation. 

The 4 patients with thrombocytosis and/or poly- 
cythaemia had a complicated postoperative course. 
Three developed early thrombotic complications and 
the fourth died early in the postoperative period from 
a myocardial infarct. The high incidence of throm- 
botic and haemorrhagic complications associated with 
reconstructive vascular surgery in patients with these 
haematological abnormalities has been previously 
reported by Morris et al. (1974). 

The major amputation rate of 20 per cent is not 
unexpected in a group with such advanced arterial 
disease. Other vascular surgeons have reported a 
similar experience (Cotton and Roberts, 1975). 

In this group of patients with such a limited life 
expectancy it is gratifying that arterial reconstruction 
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utilizing the profunda femoris artery resulted in sal- 
vage and a return to useful function of approximately 
one-half of the limbs which would otherwise have 
required amputation and, allowing for the high 
le of these patients, only 20 per cent lost a 
imb. 
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The value of profundaplasty in the management 
of severe femoropopliteal occlusion 
V. K. MODGILL, C. S. HUMPHREY, J. H. SHOESMITH AND R. C. KESTER* 


SUMMARY 

A series of 45 patients with advanced occlusive arterial 
disease of the femorepopliteal segment underwent pro- 
fundaplasty as the sole operative procedure. The value 
of this technique as a salvage procedure for the severely 
ischaemic limb is discussed. 


THE surgical options available for patients with severe 
lower limb ischaemia are limited when there is no 
apparent ‘run-off’ into the distal arterial tree. Martin 
et al. (1968) demonstrated that revascularization of 
an ischaemic lower limb often followed the opening 
up of the orifice of the profunda femoris artery. Later 
contributions showed that this was even more effec- 
tive if the angioplasty was extended down the pro- 
funda artery for a variable distance (Cotton, 1971; 
Martin et al., 1972). In this paper we have analysed 
our experience with profundaplasty used as the sole 
operative procedure in a group of 45 patients with 
advanced occlusive arterial disease of the femoro- 
popliteal segment. 


Patients and methods 

The presenting features of the 45 patients were rest pain with 
distal gangrene or ulceration in 13 cases, severe rest pain with- 
out ischaemic changes in 24 cases and incapacitating claudica- 
tion which limited walking distance to less than 30 m in 8 cases. 
Details of the patients are shown in Table J. 

Ali patients underwent aoriography which was performed 
by the translumbar route. No special attempt was made to 
visualize the origin of the profunda femoris artery. The 
angiograms revealed advanced occlusive disease of the femoro- 
popliteal segments. Additionally, the distal ‘run-off’ was poor 
in all cases, precluding the use of disobliterative or bypass 
surgery. Many patients had widespread aorto-iliac disease, but 
common to all patients was the clinical finding of a palpable 
femoral pulse. 

A standard operative technique was used. A curved arteri- 
otomy was made from the common femoral artery down the 
profunda femoris artery to, but not beyond, the level of its 
first major branch. A local endarterectomy was employed if a 
plaque of atheroma was found at the mouth of the vessel, but 
this was strictly limited to the origin of the profunda artery. 
The arteriotomy was closed with a vein patch angioplasty. 

The patients in this series were operated upon between the 
years 1973 and 1975, giving follow-up periods of 6 months to 
3 years. 


Results 

The operative mortality in this series was 2:2 per 
cent, the one patient dying from pulmonary embolus 
2 weeks after operation. A further 3 patients died 
within | year of operation, 2 from myocardial infarc- 
tion and I from a stroke. 

The results of the operation have been expressed 
simply as either success or failure. Success implies 
the relief of rest pain, the healing of gangrene or 
ulceration (sometimes aided by a minor amputation) 
or an improvement in claudication, which has been 
either abolished or, at the least, improved to the 
extent that the patients could once more return to 
their former activities. Failure implies no relief of 


claudication or rest pain, or the necessity for a major 
amputation. Overall, 10 patients required major 
amputation. The results of profundaplasty are shown 
in Table II. 


Rest pain with ischaemic changes 

Seven of the 13 patients in this group (63 per cent) 
had a successful result, though 3 patients required 
amputation of gangrenous toes. In the remaining 6 
patients the operation was a failure and these patients 
came to above-knee amputation within a period of 
4 weeks. 


Table I: DETAILS OF 45 PATIENTS UNDERGOING 
PROFUNDAPLASTY 


Sex 
Male 28 
Female 17 

Age 
Range 47-87 yr 
Mean 62-5 yr 


Indications for surgery 
Rest pain with ischaemic changes 13 
Rest pain alone 24 
‘Severe claudication G0 m} 8 
Associated diseases 


Diabetes 3 
Cardiovascular diseases il 
Carcinoma (stomach) 

Myelomatosis I 


Table If: RESULTS OF PROFUNDAPLASTY IN 
45 PATIENTS 


Outcome” 
No. Success Failure 
Rest pain with 13 7 6 above-knee amputations 
ischaemic changes 

Rest pain alone 24 20 4 

3 above-knee amputations 

1 below-knee amputation 
Severe claudication 8 8 





* Duration of follow-up was 6-12 mth (15 patients), 
12-24 mth (11 patients) and 24-36 mth (4 patients). 


Rest pain alone 

Of the 24 patients with rest pain but no gangrenous 
changes 20 (83 per cent) had relief of their pain. The 
good results in this group were maintained during the 
follow-up period of 6 months or more in 16 patients, 
but 4 patients required a chemical sympathectomy 
between 3-6 months after profundaplasty. The opera- 
tion was a failure in 4 patients who required ampu- 
tation, | below-knee and 3 above-knee, again within 
a 4-week period. 


Claudication 
Profundaplasty was successful in all 8 patients oper- 
ated upon for incapacitating claudication. Although 


* The University Departments of Surgery, St James’s Hospital 
and the General Infirmary, Leeds. 
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the symptom was not always abolished, the claudi- 
cation distance was improved so that all patients 
were able to return to their former activities. 


Discussion 

Faced with a patient whose severe ischaemic problems 
are the result of advanced disease of the femoropopli- 
teal and aorto-iliac segments and with no apparent 
‘run-off’ distally, the surgeon has little to offer. 
Lumbar sympathectomy plays an important role in 
chronic lower limb ischaemia and may be expected 
to improve symptoms of mild or moderate rest pain 
and areas of localized minor gangrene in 60 per cent 
of cases. In the presence of very severe rest pain or 
major gangrene, however, sympathectomy will not 
save a limb from amputation (Taylor and Calo, 1962). 
Attempts to improve the ‘run-in’ to the ischaemic 
limb by direct aorto-iliac surgery may be more suc- 
cessful, but in the elderly patient who often has 
additional cardiovascular and respiratory problems, 
the postoperative mortality and morbidity may make 
this type of surgery undesirable. 

Profundaplasty, used as a salvage procedure for 
the severely ischaemic limb, has the obvious advan- 
tage of simplicity. Our results show that, provided 
the femoral puise is clinically present, profunda- 
plasty may be used as the sole operative procedure 
with a high chance of success and little risk to life. 
The results may be expected to be particularly good 
when severe claudication or rest pain are the prob- 
lems, but even when there is distal gangrene or ulcera- 
tion, more than one-half of the patients should benefit. 

The importance of the profunda femoris artery to 
the lower limb in arterial disease was suggested in the 
early reports of Leeds and Gilfillan (1961) and Morris 
and his colleagues (1961). However, the mainstay of 
the operative treatment advocated by these authors 
was aorto-iliac reconstruction, but they stressed the 
importance of directing the improved blood flow 
from the aorto-iliac segment into the profunda artery. 
This was achieved by a very limited endarterectomy 
of the origin of the profunda vessel. 

Martin and his colleagues (1968, 1972) regarded 
such a limited approach to the profunda artery as 
inadequate. They stressed the importance of this 
vessel, an artery of supply rather than one of conduc- 
tion, and observed that it is an artery which is rela- 
tively spared from atheroma. When the vessel is dis- 
eased, the distribution of the atheroma is proximal 
and surgically correctable in 74 per cent of patients 
(Martin et al., 1972). An integral part of the approach 
advocated by these authors was the use of special 
radiological techniques to demonstrate the profunda 
artery and to vary the extent of the profundaplasty 
according to the distribution of the disease. We have 
preferred a simpler approach in which the profunda 
artery is explored without specific recourse to radio- 
logical evidence of its disease. 

Many patients presenting with this clinical prob- 
lem will have disease in the aorto-iliac segment. In 
the series of 217 limbs treated by profundaplasty 
without femoropopliteal reconstruction reported by 
Martin et al. (1972), 173 also had direct aorto-iliac 
surgery. Whilst this may be the ideal approach, the 
use of simultaneous aorto-iliac reconstruction de- 
tracts from the simplicity of the operation of pro- 
fundaplasty. Accordingly, we chose to ignore the 
radiological features shown in the lower aorta and 
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iliac vessel and, provided that the femoral pulse was 
palpable, employed profundaplasty as the sole recon- 
structive procedure. The results we have obtained 
suggest that this may be a reasonable approach, 
particularly in the poor-risk patient. Perhaps rela- 
tively poor ‘run-in’ does not affect the results of 
profundaplasty to the same extent as it does those 
of femoropopliteal endarterectomy or bypass. Lewis 
(1974) has shown that profundaplasty, when not 
associated with reconstruction of the common femoral 
or iliac vessels, results in a mean increase in pressure 
index of 0-12. This he regarded as adequate to im- 
prove symptoms of rest pain and heal skin lesions 
but not sufficient to improve muscle flow or 
exercise capacity. When combined with a proximal 
reconstruction an improvement in both was con- 
firmed. 

Martin et al. (1972) suggested that in certain patients 
profundaplasty might be used as an alternative to 
femoropopliteal reconstruction. This theme has been 
developed by Cotton and Roberts (1975) who re- 
ported on the results of the operation of extended 
deep femoral angioplasty in 72 patients. In 69 per 
cent of these cases femoropopliteal reconstruction 
would have been possible. When intermittent claudi- 
cation was the indication for surgery, the pain was 
completely abolished in 52 per cent of the patients 
and in 92 per cent the walking distance was extended 
to over 200 m. The operation used by these authors 
was more extensive than that which we have employed. 
They stress the need to incise the profunda artery — 
down to the level where it becomes supple, stating 
that this often means extensive patching of the artery 
for as much as 15cm. In their group of patients in 
whom femoropopliteal bypass would not have been 
possible the success rate was only 33 per cent and in 
the 20 patients operated upon for distal gangrene 
the success rate was only 25 per cent. Admittedly 
Cotton and Roberts (1975) have reported on a larger 
number of patients than the present series, but overall 
the results of the two series seem comparable. More 
recently Bernard et al. (1976) have reported excellent 
results with profundaplasty using this as an alter- 
native procedure to femoropopliteal vein bypass. 
They report that the resting blood flow through the 
reconstructed profunda artery is of the same magni- 
tude as that through the external iliac artery and, on 
average, twice that occurring through a vein bypass 
graft. 

As a salvage procedure, we would wholeheartedly 
endorse the use of profundaplasty and suggest that 
this might be used as the initial reconstructive proce- 
dure in those patients in whom the femoral pulse is 
present. The operation would also seem to have a 
useful place in the surgery of intermittent claudica- 
tion. A comparison of the simple and extended opera- 
tions would be interesting. 
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The long term results of profundaplasty in 
femoropopliteal arterial occlusion 


A. S. WARD AND W. MORRIS-JONES* 


SUMMARY 
The long term results of profundaplasty in the treatment 
of femoropopliteal arterial occlusion have been reviewed. 
Fifty patients have been studied with a mean follow-up 
period of 4 years (range 6 months to 8 years). 
Intermittent claudication was abolished or substan- 
tially improved in 5 of the 25 cases (20 per cent); rest 
pain was relieved in 10 of the 25 cases (40 per cent), 
the remainder requiring a major amputation. Lumbar 
sympathectomy produced little additional benefit in 
either group. The mortality rate in the rest pain group 
was high and only 5 patients survived for more than 3 
years with both legs intact. The state of the distal ‘run- 
off’ and the degree of preoperative profunda stenosis 
appeared to have little influence on the clinical outcome. 
After operation pedal pulses were restored in 16 per 
cent of those presenting with claudication. Profunda- 
plasty was without significant effect on the ankle systolic 
pressure index both in patients with claudication and 
thase with rest pain. 


PROFUNDAPLASTY in its simple and extended form 
has been increasingly advocated in recent years in 
the treatment of femoropopliteal arterial occlusive 
disease (Martin et al., 1968; Berguer et al., 1973; 
Cotton and Roberts, 1975). In 1973 we presented our 
short term results with a follow-up period of approxi- 
mately 12 months (Morris-Jones and Jones, 1974). 
The long term results of this operation have not been 
clearly established, however, and the present paper 
describes our experience with this operation over the 
past 8 years. 


Patients and methods 

Fifty patients (46 male and 4 female} undergoing profunda- 
plasty for femoropopliteal occlusion were studied. Thirty-six 
of these patients were available from our short term report 
{Morris-Jones and Jones, 1974). The mean age was 59 years 
(range 46-78 years) and all were operated upon between 
January 1968 and December 1975. The average length of 
follow-up was 4 years (range 6 months to 8 years). The indica- 
tion for surgery was severe claudication, i.e. calf pain at 100 m 
or less on flat ground, in 25 cases, and rest pain with or without 
ulceration and gangrene in the remainder (25). Coexistent 
myocardial ischaemia was present in 11 patients, hypertension 
m 9 cases, cerebrovascular disease in 4 cases and diabetes 
mellitus in 2 patients. 

The presence of femoropopliteal occlusive disease with a 
relatively normal proximal tree was confirmed by preoperative 
arteriography in all cases. Particular attention was paid to 
radiographic evidence of stenosis at the profunda origin using 
oblique as well as anteroposterior views (Beales et al, 1971). 
The state of the remainder of the profunda femoris and the 
distal ‘run-off were also assessed, the latter according to the 
criteria of Morton et al. (1967). 

At operation the presence and degree of profunda stenosis 
were recorded in all cases. A preliminary disobliteration of the 
profunda orifice and adjacent segments of the common and 
superficial femoral arteries was carried out in 31 of the 50 cases. 
The profunda origin was widened by means of a vein patch in 
40 cases while a Teflon patch (8) or a flap cut from the proximal 
superficial femoral artery (2) was used in the remainder. 
Lumbar sympathectomy was performed simultaneously in 15 


of the 25 claudicants and in 9 patients with rest pain. A further 
11 patients in the latter group had a sympathectomy before 
profundaplasty. 

After operation, clinical progress was assessed by an 
independent observer. The mean duration of follow-up at the 
time of this assessment was 4 years (range 6 months to 8 years). 
An attempt was made to classify the clinical response among 
claudicants along the following lines: (a) complete relief; (b) 
substantial improvement with residual claudication after 800 m 
or more on flat ground; (c) a small improvement with claudica- 
tion at approximately 400 m on the flat; (d) no change; (e) 
deterioration. The clinical outcome in patients with more 
severe ischaemia was easier to assess since relief of rest pain 
was a relatively clear-cut event. Healing of ischaemic ulcers 
and areas of local gangrene provided additional evidence of a 
satisfactory response in this group. 

An attempt was also made to provide some objective estimate 
of the clinical outcome by noting the frequency with which 
pedal pulses returned after surgery and by measuring the post- 
operative ankle systolic pressure index (Yao, 1970). This latter 
measurement was carried out at the time of the final clinical 
assessment using an ultrasound probe and ankle/brachial 
occlusion cuffs. In the last 12 cases studied, the ankle systolic 
pressure (ASP) index was measured both before and after 
surgery. The preoperative value was based on the mean of two 
basal recordings taken on separate days in the week preceding 
surgery. The postoperative response was assessed at the end of 
the first week and again approximately 1 year after surgery. On 
each occasion the index was based on the mean. of two record- 
ings taken under the same basal conditions as in the pre- 
operative phase. 


Results 


Claudication group 

Three patients with claudication had complete relief 
and 2 patients were substantially improved following 
profundaplasty, an overall success rate of 20 per cent. 
The remaining patients showed either a small improve- 
ment (2 patients) or were unchanged (18 patients). 
Patients in whom a lumbar sympathectomy had been 
performed in addition to profundaplasty fared no 
better than those treated by profundaplasty alone. 

Ankle pulses were restored in 4 of the 25 cases (16 
per cent). The mean postoperative ASP index in the 
group as a whole (25 patients) was 0-57 +003 at a 
mean time of 4 years after surgery. In 6 patients the 
ASP index was measured both before and after 
operation and these results are shown in Table 1. 
Profundaplasty was without significant effect on the 
ASP index when measured either at the end of the 
first postoperative week or 1 year after surgery. 

In 8 cases (30 per cent) the profunda origin was 
seen to be stenosed on arteriography. The profunda 
femoris in the remainder of its course appeared to be 
free from disease except in 2 cases where minor 
changes were noted beyond the second muscular 
branch. At operation a significant narrowing of the 
profunda orifice was found in 20 cases (80 per cent). 
There was no correlation between the severity of the 
profunda narrowing at operation and the subsequent 
clinical reponse to profundaplasty. Similarly, cases 
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Table I: THE EFFECT OF PROFUNDAPLASTY ON 
THE ANKLE SYSTOLIC PRESSURE INDEX 

(12 PATIENTS) 


Postoperative Postoperative 
Preoperative ASP index ASP index 
ASP index {1 week) (1 yr) 
Claudication group 
0-65 0-66 0:72 
0-50 0-41 0-41 
0-8] 0-64 0-61 
0-50 0-40 0-47 
0:58 0-57 0-64 
0-53 0-62 0-60 
Mean 0-59 0-55 0-57 
Se 0-05 0-04 0-04 
Rest pain group 
0-55 0:30 0-48 
0:55 0-4] Amputation 
0-21 0:29 0-23 
0:54 0:38 0:36 
0-28 0-22 Amputation 
0-41 0-42 0-44 
Mean 0-42 0-33 — 
s.e. 0-06 0-03 on 


with radiographic evidence of stenosis fared no better 


than those with apparently ‘normal’ profunda origins. 
The distal ‘run-off’ was good or excellent (grade 1) in 
13 cases, moderate (grade 2) in 9 cases and poor 
(grade 3) in 3 cases. There was no correlation between 
the state of the ‘run-off’ and the subsequent outcome; 
in particular a good ‘run-off’ was not necessarily 
associated with a good clinical response. 


Rest pain group 

Rest pain was relieved in 10 of the 25 cases (40 per 
cent). In 8 of these patients there were additional 
areas of local gangrene or ulceration and these healed 
without recourse to further surgery. All except one 
patient had residual troublesome claudication. Rest 
pain was not relieved in the remaining 15 cases (60 
per cent) and an above-knee amputation was required 
within a few weeks of operation. As with the claudi- 
cants, lumbar sympathectomy appeared to have little 
influence on the clinical outcome. The mortality rate 
was high in this group, 8 of the original 25 patients 
dying within the first 3 years of operation. Five deaths 
were due to myocardial infarction, 2 to cerebro- 
vascular accidents and 1 to carcinoma of the lung. 
Only 5 patients of the original number presenting 
with rest pain were alive with both legs intact at the 
end of the study. 

Ankle pulses were restored in one patient only. 
There were insufficient numbers surviving without 
amputation to enable the mean ASP index to be 
determined for the group as a whole. However, in 
the last 6 patients it was possible to measure the 
index both before and after surgery. There was again 
no significant difference between pre- and postopera- 
tive values (Table Í). 

At operation the profunda origin was found to be 
stenosed in 22 patients (88 per cent), and in 8 cases 
(30 per cent) this was detectable on the preoperative 
arteriogram. There was radiographic evidence of addi- 
tional disease distal to the origin in 4 patients in this 
group. As with the claudicants, there was no correla- 
tion between the clinical response to surgery and 
either the incidence of radiographic stenosis or the 


severity of profunda narrowing found at operation. 
The distal ‘run-off’ was good or excellent (grade 1) 
in 6 patients, moderate (grade 2) in 4 cases and poor 
(grade 3) in 15 patients. The relatively small number 
of patients with grade 1 ‘run-off’ is not surprising and 
precludes a close assessment of the relationship 
between ‘run-off’ and clinical outcome in this group. 
However, no gross trends were apparent. 


Discussion 

Profundaplasty was first advocated by Martin et al. 
(1968) as-a means of revascularizing the limb in 
patients with superficial femoral artery occlusion. 
The operation was restricted by these authors to 
those cases which were unsuitable for bypass grafting 
and in whom there was radiographic evidence of 
stenosis at the profunda origin. More recently, 
however, Cotton and Roberts (1975) have recom- 
mended use of an extended version of profundaplasty 
in virtually all patients with infra-inguinal disease 
irrespective of whether a femoropopliteal bypass 
would have been possible or not. Moreover, Cotton 
and Roberts made no attempt to restrict the operation 
to cases with angiographic stenosis. The present 
authors have also made no attempt to select patients 
on the basis of the angiographic findings, since arterio- 
graphy clearly underestimates the extent of disease at 
the profunda origin. Despite the similarity in case 
selection, our results differ significantly from those of 
earlier workers. At 4 years complete or substantial 
relief of claudication was achieved in only 20 per cent 
of our cases, the remainder being largely unchanged. 
This is in contrast to the 70 per cent success rate 
quoted by Martin et al. (1968) and the 90 per cent 
success rate claimed by Cotton and Roberts (1975). 
Undoubtedly some of the discrepancy in these results 
is related to the method and timing of the assessment. 
Patients are often reluctant to report a poor result to 
their attendant surgeon, particularly in the early 
months after operation, and we have found that an 
independent assessment yields more accurate results 
in this respect. Moreover, the criteria for success 
differ among surgeons as well as among patients. In 
our series the criterion for success was either com- 
plete relief of claudication or ability to walk at least 
800 m on flat ground. These requirements may be 
more stringent than in previous reports. 

The reduction in the success rate from 50 per cent at 
1 year (Morris-Jones and Jones, 1974) to 20 per cent 
at 4 years raises serious doubts as to the long term 
value of profundaplasty in claudicants with femoro- 
popliteal disease. Indeed, we have used profunda- 
plasty with decreasing frequency in recent years pre- 
ferring to insert a vein bypass graft whenever possible. 
Very good late results, in terms of claudication relief, 
have been quoted after femoropopliteal bypass by 
several authors (Linton and Darling, 1962; Baddeley 
et al., 1970; Cutler et al., 1976). These reports are 
particularly significant since it seems likely that a 
bypass graft could have been inserted in well over 
half of the claudicants in the present series. 

Rest pain was abolished with additional healing of 
gangrene and ulceration in 40 per cent of cases. These 
patients would otherwise have required a major ampu- 
tation, so that profundaplasty would appear to have 
some value as a limb salvage procedure. Similar 
results have been quoted by Martin and Jamieson 
(1974) and Cotton and Roberts (1975), though the 
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latter found that patients with gangrene did not fare 
as wéll as those with rest pain alone. All except one 
of our patients had residual troublesome claudication, 
and this is in agreement with our results for supra- 
inguinal profunda reconstruction in the severely ischae- 
mic limb (Ward and Morris-Jones, 1977a). Femoro- 
popliteal bypass, on the other hand, seems capable of 
abolishing both rest pain and claudication provided 
graft patency can be assured (Linton and Darling, 
1962). Moreover, the limb salvage rate appears to be 
higher after graft insertion (Baddeley et al., 1970; 
Cutler et al., 1976) and we now reserve profunda- 
plasty for those cases which are unsuitable for bypass 
grafting. In this respect it is important to note that a 
vessel suitable for graft insertion can often be found 
in the popliteal fossa or calf even with seemingly un- 
helpful radiographic appearances, and in our view 
exploration of first the popliteal and then the posterior 
tibial arteries should be undertaken in all severely 
ischaemic limbs before resorting to profundaplasty. 

The mortality rate in the rest pain group was high, 
one-third of the patients dying from either a myo- 
cardial infarct or a cerebrovascular accident within 
the first 3 years of operation. This trend has not been 
described in previous profundaplasty series, though 
it seems hardly surprising in view of the widespread 
nature of the vascular degeneration found in the 
majority of these patients. As a result of the high 
mortality rate and the rather limited success of pro- 
fundaplasty as a limb salvage procedure, very few of 
our patients survived for more than 3 years with both 
legs intact. 

The effect of profundaplasty on the return of ankle 
pulses and on the ASP index is in keeping with the 
clinical outcome. Pedal pulses were restored in 16 
per cent of claudicants, a figure which agrees closely 
with that recorded after supra-inguinal profunda 
reconstruction (Ward and Morris-Jones, 1977a). 
Others, however, have noted rather more success in 
this respect (Martin et al., 1968). There was little or no 
increase in the ASP index in patients tested both 
before and after operation irrespective of the severity 
of the preoperative ischaemia. Moreover, the post- 
operative ASP index in the claudication group as a 
whole was within the range commonly found in most 
preoperative populations (Yao, 1970). These findings 
underline the ineffectiveness of profundaplasty when 
used for intermittent claudication. Others have also 
commented on the lack of an ankle pressure response 
after profundaplasty, particularly in less severe claudi- 
cants (Martin and Jamieson, 1974). The response 
observed after femoropopliteal grafting, on the other 
hand, appears to be much more substantial. A large 
flow of blood is delivered directly into the distal 
arterial tree with a consequent significant increase in 
ankle systolic pressure (Strandness, 1969; Ward and 
Morris-Jones, 1977b). 

Although profundaplasty failed to relieve ischaemia 
in many of our patients, a small number did report 
a definite improvement. The explanation for this 
variable outcome is uncertain and it is not yet possible 
to distinguish preoperatively those patients who are 
likely to benefit from profundaplasty from the majority 
who will remain unchanged. Cotton and Roberts 
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(1975) have suggested that a good distal ‘run-off’ 
may favour a successful clinical result but we have 
not been able to confirm this association in the present 
study, though the short term results did suggest a 
trend in this direction (Morris-Jones and Jones, 1974). 
The degree of preoperative profunda stenosis is another 
factor which might influence the response to surgery. 
Despite the lack of correlation between angiography 
and the operative findings, patients with radiographic 
stenosis at the profunda origin usually had the most 
marked disease at operation, and these cases might 
have been expected to yield the best results. In fact, 
there appeared to be little relationship in our series 
between clinical outcome and either the presence of 
stenosis on arteriography or the severity of narrowing 
found at operation. The results of supra-inguinal 
profunda revascularization are also variable (Ward 
and Morris-Jones, 1977a) and it seems possible that 
in both situations an important factor may be the 
variable ability of collaterals to open up between 
the terminal branches of the profunda femoris 
and the distal femoropopliteal trunk (Strandness, 
1970). 
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Doppler ultrasound in the functional assessment 
of extended deep femoral angioplasty 
M. H. THOMAS, C. R. G. QUICK AND L. T. COTTON* 


SUMMARY 

Twelve patients who have had an extended deep femoral 
angioplasty (EFDA) for severe lower limb ischaemia 
have been assessed. The patients underwent a standard 
exercise ankle pressure test before operation and 6 
months after operation. The test included the measure- 
ment of resting brachial and ankle pressures, walking 
distance on a treadmill and the post-exercise pressure 
response. A limb ischaemic score was derived from 
these measurements; 8 patients showed an improved 
score, 3 patients exhibited no change and I was worse. 
The mean improvement in walking distance of the 
successful cases was 182 per cent (s.d. 96 per cent). 
There were no amputations during the period of study. 


SURGERY of the deep femoral artery is now accepted 
as a method of treatment for lower limb ischaemia. 
The procedure described by Martin et al. (1968), of 
opening up the profunda femoris origin, has been 
developed by Cotton (1971) and by Martin himself 
(Martin et al., 1972) into the operation of extended 
deep femoral angioplasty (EDFA). In 1973 and again 
in 1975 we reported our experience with this opera- 
tion (Berguer et al., 1973; Cotton and Roberts, 1975). 
These and other reports have relied on clinical evalua- 
tion in the assessment of results. We now present a 
series of patients who have undergone objective physi- 
cal tests using ultrasonic and electromagnetic methods 
before, during and after operation. These techniques 
provide more detailed and accurate information on 
the limb circulation than is possible using clinical 
assessment alone; thus a more critical appraisal of the 
efficacy of EDFA for the relief of lower limb ischaemia 
can be made. 


Patients and methods 

This study includes the last 12 patients to undergo EDFA at 
King’s College Hospital up to September 1975. Nine were men 
and 3 women, and the average age was 59 years, ranging from 
27 to 68. 

Each patient underwent a standard ankle pressure test 
(APT) before surgery and at 1 and 6 months afterwards. Ankle 
systolic pressures were measured using pneumatic cuffs and a 
10 MHz Doppler ultrasonic probe, as previously described by 
Strandness et al. (1967) and by Yao (Yao et al., 1969; Yao, 
1970a). The ankle pressures were measured at rest and then 
after standard exercise on a treadmill. The patients walked at 
4 km/h up an incline of 2-5° for 5 minutes or until stopped 
by claudication. The belt speed of the treadmill was reduced 
for those patients who were unable to walk at this pace. 
Patterns of response in the ankle pressure after this stress on 
the circulation can be recognized and change with the ischaemic 
state of the limb (Strandness and Bell, 1964; Dormandy et al., 
1972). In patients with significant ischaemia the ankle systolic 
pressure falls after exercise, sometimes to zero, and may take 
20 minutes or more to recover to pre-exercise levels. We have 
devised a method of quantifying the test by scoring each 
factor considered important in the functional assessment of 
lower limb ischaemia. For each leg these factors include resting 
ankle pressure, the distance walked, the speed of the treadmill 
belt, the response pattern of ankle pressure after exercise and 
the presence or absence of claudication and pallor. 


Table I: ANKLE PRESSURE TEST SCORE CHART 


Range Score 
1. Resting pressure = Brachial 0 
(mmHg) «<< Brachial => 100 I 
71-100 2 
41-7 3 
<40 4 
2. Treadmill speed i 0 
(km/h) 4 1 
~2S5<4 2 
1-2-5 3 
<] 4 
3, Distance (m) => 300 0 
201-300 ! 
151-200 2 
61-150 3 
< 60 4 
4. Pressure response Scale 0-6 (see text) 
$, Claudication Severe enough to 2 
stop walking 
Not severe enough l 
to stop walking 
Absent 0 
6. Pallor Present 2 
Absent 0 


The method of scoring is set out in Table 1. The post-exercise 
pressure pattern was categorized according to two strict 
criteria. The first was the immediate post-exercise ankle 
pressure, the category depending on whether this pressure had 
remained at the pre-exercise level (A), fallen to a lower value 
(B) or fallen to zero (C). The second criterion was the rate of 
recovery of the ankle pressure to the pre-exercise level, the 
category depending on whether recovery was within 5 minutes 
(1) or within 20 minutes (2), or whether the ankle pressure 
failed to recover within 20 minutes (3). Thus a scale was 
devised on which a response categorized as Al was normal and 
scored 0 while a C3 response indicated severe ischaemia of the 
lower limb and scored 6. Using our method of scoring, 
reperted elsewhere (Quick et al., 1976), we were thus able to 
arrive at an APT score for each limb at each session of walking. 
The scores achieved before and after operation were compared. 


Operation 
The indications for operation were rest pain in 6 
patients, intermittent claudication in 5 and ischaemic 
ulcer in 1. The technique of EDFA was described by 
Berguer and Cotton in 1973 and a modification— 
omitting the endarterectomy—-by Cotton and Roberts 
in 1975. The patients in this present study underwent 
the modified operation. 

At operation, blood flow was measured using either 
a Nycotron 372 or an SE Labs 275 electromagnetic 
flowmeter. Both instruments were used with cuff-type 
flow probes which had been precalibrated in vive for 
use on arteries. Measurements were taken before and 
after reconstruction and after intra-arterial injection 
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Table I. ANKLE PRESSURE TEST: RESULTS IN 12 PATIENTS BEFORE AND AFTER EDFA 





: Resting 
Patient pressure Speed Distance Pressure response APT 
No. (mmHg) (km/h) (m) Pattern Score Claudication Palior score 
H Preoperative 67 m _ C3 6 2 2 21 
Postoperative 70 2 135 B2 3 0 0 12 
2 Preoperative 40 2 50 C3 6 2 0 19 
Postoperative 50 3 226 B2 3 0 0 9 
3 Preoperative FI 4 286 B2 3 2 0 9 
Postoperative 76 4 240 A2 I 2 0 8 
4 Preoperative 55 2 133 B3 4 2 0 15 
Postoperative 74 4 259 B2 3 2 0 9 
5 Preoperative 80 1 53 C2 $3 2 2 19 
Postoperative 84 2 154 Cl 4 0 0 12 
6 Preoperative $5 ł 38 B2 3 2 Q 16 
Postoperative 87 4 155 B3 4 2 0 it 
7 Preoperative 70 4 170 C3 6 2 Q 14 
Postoperative 65 4—»§ 412 C3 6 2 0 il 
8 Preoperative 87 4 210 B2 3 2 2 il 
Postoperative 70 4 350 B2 3 0 0 7 
9 Preoperative 90 4 89 C2 5 2 fa 15 
Postoperative 94 4 312 B2 3 | 2 9 
10 Preoperative 76 4 143 B2 3 2 2 13 
Postoperative 90 4 187 B2 3 2 2 12 
il Preoperative 76 4 170 B2 3 2 2 12 
Postoperative 82 4 99 B2 3 2 2 13 
12 Preoperative 80 3-4 280 BI 2 2 0 9 
Postoperative 106 4 314 B3 4 2 0 io 
Table IHI: ANKLE PRESSURE TEST RELATED TO Table IV: EFFECT OF EDFA ON WALKING 
CLINICAL RESULT DISTANCE 
Patient APT score Clinical Clinical Patient Walking distance {m} Improvement Clinical 
No. Preop. Postop. symptom result No. Preop.  Postop. (%) result 
1 21 12 Rest pain Improved I 0 135 ve Improved 
Int. claud. Improved 2 50 226 352 Improved 
2 19 9 Rest pain Improved 3 286 240 —~ 14 No change 
Int. claud. Improved 4 133 259 95 Improved 
3 9 8 Rest pain Improved 5 54 154 185 Improved 
Int. claud. No change 6 38 108 184 Improved 
4 15 9 Rest pain Improved 7 170 412 142 Improved 
Int. claud. Improved 8 210 330 67 improved 
5 19 12 Rest pain Improved 9 89 312 251 Improved 
Int. claud. improved 10 143 187 31 No change 
6 16 11 Rest pain. Improved 1! 170 99 ~~ 42 Worse 
Int. claud. Improved 12 280 314 12 No change 
Isch. ulcer Healed : 
7 14 Li Int. claud. Improved i S l : 
8 11 7 Int. claud. Improved difference in the APT scores before and after operation 
9 15 9 Int. claud. Improved was highly significant (P < 0-005 > 0-001). None of the 
10 13 12 Int. claud. No change patients has yet required further arterial surgery and 
HI E a a E a there have been no major amputations. 
12 ne Ane: © change All 12 patients suffered from intermittent claudi- 
Isch. ulcer Healed : s P D on 
cation. This was associated with rest pain in 6 patients, 
Yi ie "1.98 P< 0-005 >0-001 one of whom had an ischaemic ulcer, One patient 


Int. claud., Intermittent claudication; Isch. ulcer, ischaemic 


ulcer. 


of papaverine sulphate. All flow measurements were 
made on the common femoral artery. 


Results 

When assessed clinically the results in these 12 patients 
were remarkably good. The 6 patients with rest pain 
were cured and the 2 ischaemic ulcers healed. The 
improvement in rest pain in these patients was re- 
flected by an improved APT score (Tables I, IE). The 


with an ischaemic ulcer without rest pain also had 
intermittent claudication and 5 patients had inter- 
mittent claudication alone. The intermittent claudi- 
cation of 8 of the 12 patients was significantly im- 
proved by the operation (Table IV}. Three patients 
remained unchanged and one, who was operated on 
for intermittent claudication alone, was made worse. 
The mean improvement in walking distance in those 
cases considered a success was 182 per cent (s.d. +96 
per cent), but this excluded Case 1 who was unable to 
walk on the treadmill preoperatively. The APT score 
improved in all those patients whose claudicating 
distance increased; it remained unchanged or slightly 











370 M. H. Thomas et al. 

worse in 3 of the 4 patients who showed no improve- 
ment. In Case 3 the APT score showed some improve- 
ment in limb ischaemia which was sufficient to relieve 
his rest pain but not sufficient to affect his walking 
distance. 

An attempt was made to predict the result of the 
arterial reconstruction on the basis of operative blood 
flow and blood velocity measurements made before 
and after the intra-arterial injection of papaverine 
sulphate. The relationship between blood velocity and 
long term follow-up has been reported elsewhere 
(Cotton and Roberts, 1977). No correlation was found 
between the blood volume flow rate and clinical out- 
come or the postoperative APTs. However, in all 8 
cases on whom there was complete data, both clinical 
improvement and improvement in the ankle pressure 
tests were correctly predicted by peroperative blood 
velocity analysis. 


Discussion 

The APT provides an accurate and non-invasive 
assessment of lower limb ischaemia (Strandness et al., 
1967; Yao et al., 1969; Yao, 1970a). Furthermore, it 
has been shown that the distance that a patient with 
intermittent claudication can walk on a treadmill at a 
fixed speed and incline is remarkably constant (Yao, 
1970b). The claudication distance and ankle pressure 
response pattern after exercise demonstrate a close 
correlation with the patient’s clinical state, both show- 
ing improvement after a successful reconstruction. It 
has been our experience that the resting ankle pres- 
sures, although improved, are less affected after a 
successful EDFA than after a femoropopliteal vein 
bypass, when the pressures may return to normal. The 
APT score gives an accurate idea of the state of the 
circulation of the lower limb. The method is objective 
and free from clinical bias. These preliminary results 
in a small number of patients show the usefulness of 
the APT in following up patients and assessing opera- 
tive results. 

Extended deep femoral angioplasty has an estab- 
lished place in the treatment of ischaemic rest pain 
and the results of this study confirm its effectiveness. 
In a clinical review of 74 cases who had this operation, 
Cotton and Roberts unexpectedly found an improve- 
ment in walking distance in 69 per cent of 68 cases 
with intermittent claudication (Cotton and Roberts, 
1975). The present study, using an objective technique, 
confirms this clinical finding; significant improvement 
in walking distance occurred in 66 per cent of cases. 
The incidence of major amputation among Cotton 
and Roberts’s 74 cases was 16 per cent, whereas in the 
present study there were none; this is surprising but 
may just reflect the small sample. Lewis and Jamieson 
(1972) described symptomatic improvement in 16 out 
of 22 cases (73 per cent) of ‘simple’ profundaplasty, 
although only 10 (45 per cent) showed an improved 
pressure index. Five of their patients came to ampu- 
tation. 

Martin and Jamieson (1974) reported 29 cases of 
profundaplasty assessed by similar methods pre- and 
postoperatively using a treadmill and ankle systolic 
pressures. Six patients with only moderate claudica- 
tion showed no objective improvement, a further 6 





patients with severe ischaemia failed to improve and 
came to amputation within 3 months. Seventeen 
patients (58 per cent) obtained worth-while benefit. 
Long term follow-up studies, including patency rates, 
must be awaited as the operation has not been per- 
formed regularly for long enough. 

One of the skills required of the vascular surgeon is 
the ability to choose the correct operation for his 
patient. Of the surgical procedures available, EDFA 
now occupies an increasingly important position, not 
only in the relief of rest pain but also in the treatment 
of severe claudication. Precise indications for the 
operation remain to be clearly defined. 

The ankle pressure test is an effective, non-invasive 
method of monitoring patients with peripheral vascu- 
lar disease. The course of the disease may be followed 
by serial tests, arterial reconstructive operations 
accurately timed and the patients’ response to those 
operations accurately measured. 
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The efficacy of graduated compression stockings 
in the prevention of deep vein thrombosis 


J. H. SCURR, 5. Z. IBRAHIM, R. G. FABER AND L. P. LE QUESNE* 


SUMMARY 

The incidence of deep venous thrombosis (DVT) was 
studied by the '*°I-fibrinogen technique in 70 patients 
who had had major abdominal operations and who 
were wearing graduated static compression stockings 
on one leg, the patient’s other leg being used as a 
control. In the whole group 7 patients developed bi- 
lateral DVT, 19 patients developed unilateral DVT in 
the control leg and only one patient developed uni- 
lateral DVT in the stockinged leg. The difference 
between stockinged and control legs was highly signi- 
ficant (P = 0-0003). In the 19 patients with malignant 
disease the incidence of DVT in the stockinged leg 
remained significantly less (P = 0-037). It is concluded 
that graduated static compression stockings do reduce 
the incidence of postoperative deep venous thrombosis. 


IN recent years, on the basis of studies using the 'I- 
fibrinogen technique for its detection, a number of 
measures have been shown to reduce the incidence 
of deep venous thrombosis (DVT). These measures 
can be divided into two groups: those that influence 
the capacity of the blood to clot and those that are 
designed to prevent stasis of the venous return from 
the lower limb; amongst the latter are the use of 
intermittent calf stimulation (Browse and Negus, 
1970; Rosenberg et al., 1975) and intermittent calf 
compression (Hills et al., 1972; Roberts and Cotton, 
1974). 

Although there is evidence that elastic stockings of 
various sorts increase the velocity of venous flow 
from the lower leg (Myerowitz and Nelson, 1964; 
Makin et al., 1969), there is conflicting evidence as 
to their value in the prevention of DVT. On the one 
hand, Wilkins and his colleagues (Wilkins et al., 
1952: Wilkins and Stanton, 1953) showed that elastic 
stockings do reduce the incidence of pulmonary 
embolus, while Makin (1969) found a reduced inci- 
ence of DVT, but, on the other hand, Rosengarten et 
al. (1970) and Browse et al. (1974) were unable to 
find any difference between the incidence of DVT in 
stockinged and control legs. These differences may 
be due to the methods used in diagnosis, for while 
Wilkins and his colleagues and Makin relied on 
clinical evidence of thrombo-embolic disease, Rosen- 
garten et al. (1970) and Browse et al. (1974) used 
125]-fibrinogen. 

More recently a graduated static compression 
stockingt (Fig. 1) has been developed. The specific 
properties of the stocking are that it has one-way 
stretch, is contoured to the limb, has a circumfer- 
ential knit, is seamless and has a gusset at the top 
to prevent gartering. The stocking is manufactured 
in 9 sizes, classified in length as short, regular and 
long and in circumference as small, medium and 
large, and it is assessed that 95 per cent of the popu- 
lation can be fitted with a suitable size. On the basis 
of experimental studies (Sigel et al., 1975) pressure 
exerted by the stocking is graduated to 18 mmHg at 





Fig. 1. The features of a TED stocking (right) compared to 
a Tubigrip stocking (left). Note that the TED stocking is 
shaped to the foot and calf, with a gusset at the top to 
prevent any gartering effect. See text for the other features 
of the TED stocking. 


the ankle, 14 at the mid-calf, 8 at the popliteal region, 
10 at the lower thigh and 8 at the upper thigh. It is 
this stocking that has been studied in this trial. 


Patients and methods 

Studies were carried out on 75 patients over the age of 40 years 
(mean 61 years, range 42-80 years) undergoing major opera- 
tions within the abdominal cavity. All patients gave their 
informed consent to participating in this study. All patients 
wore the stocking on one leg only, the side being decided 
randomly by the toss of a coin. The stocking size was deter- 
mined and the stocking applied the evening before operation 
and was left in place until the ninth postoperative day. Five 
patients were excluded from the analysis of results, 3 because 
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Table I: OPERATIONS PERFORMED 
Biliary 31 


Large bowel 18 
Ocesophagogastroduodenal 13 
Prostate 2 
Ovarian 2 
Adrenal l 
Hepatic 1 
Practalol peritonitis i 
Massive incisional hernia I 
Table H: INCIDENCE OF DEEP VENOUS 

THROMBOSIS IN THE WHOLE GROUP 

Unilateral Bilateral Total 

Control legs (70) 19 (27%) 7 (10%) 26 (37%) 
Stockinged legs (70) 1 (1%) 7 (1084) 8 0124) 


Overall difference between control and stockinged legs, 
P= 0-0003 (Fisher's exact test). 


Table HI: INCIDENCE OF DEEP VENOUS 
THROMBOSIS IN 19 PATIENTS WITH MALIGNANT 
DISEASE 


Unilateral Bilateral Total 
Control legs (19) 7 (37%) 3 (16%) 10 (53%) 
Stockinged legs (19) 1 (0-539) 3 (16%) 4 (21%) 


Overall difference between contro] and stockinged legs, 
P = 0-037 (Fisher’s exact test). 


Table IY: INCIDENCE OF DEEP VENOUS 
THROMBOSIS IN 47 PATIENTS WITH DIATHERMY 
PLATE UNDER BUTTOCK 


Unilateral Bilateral Total 
Control legs (47) 13 (28%) 4 (9%) 17 36% 
Stockinged legs (47) I Q%) 4 (9%) SALT 


Overall difference between control and stockinged legs, 
P = 0-0006 (Fisher’s exact test). 
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Days after operation 


Fig. 2. Histogram showing the day on which DVT was first 
detected in the control and stockinged legs. This difference is 
not significant (P = 0-09). 


they died within 72 hours of operation (there being no evidence 
that any had pulmonary embolus but 2 of these patients had 
DVT confined to the calf in the control leg), 1 because he 
removed the stocking and 1 because of technical problems with 
the scintillation counter. Of the 70 patients remaining in the 
study, 38 wore the stocking on the right leg and 32 on the left 
leg. The operations performed on these 70 patients are shown 
in Table L. 

All patients were given potassium iodide 120 mg daily by 
mouth for 1-3 days preoperatively to block thyroid uptake 
and were maintained on this dose daily for 3 weeks. If they 
were unable to take tablets or time had not been available for 
the preoperative dose 100mg was given intravenously. 


Between 3 and 6 hours after operation 100 uCi of *I-fibrinogen 
was given intravenously and the legs were examined by the 
method of Negus et al. (1968) on the first, second, third, fifth 
and seventh postoperative days. If DVT was suspected or 
diagnosed, the examination was performed every day there- 
after; DWT was diagnosed by the criteria set out by Pai and 
Negus (1971). 

Surgical diathermy, for haemostatic purposes, was used in 
all operations. Initially no record was kept of the position of the 
diathermy plates, which were sometimes strapped to the 
control leg and sometimes placed under the buttock. However, 
since the former position might influence the venous return 
from the control limb, in the last 47 patients care was taken to 
ensure that the plate was always placed under the buttock. 

The statistical significance between the incidence of DVT in 
stockinged and control legs was tested by Fisher’s exact test 
{the median test). The difference in the day of detection of the 
thrombus was tested by the Wilcoxon test for unpaired data. 


Results 

The overall incidence of DVT in the patients studied 
was 38 per cent. The incidence of DVT in control 
and stockinged legs in the whole group is shown in 
Table if; 7 patients developed bilateral DVT while 
20 patients developed unilateral DVT, 19 in the 
control leg and | in the stockinged leg. 

Whether expressed as the overall difference in the 
incidence of DVT in the control and stockinged leg 
(P = 0:0003), or as the difference in patients develop- 
ing unilateral thrombosis (P = 0-000005), these results 
are highly significant. The incidence of DVT in 19 
patients with malignant disease is shown in Table HI, 
3 patients developed bilateral DVT and 8 unilateral 
DVT, 7 in the control leg and 1 in the stockinged leg. 
Again, both the overall difference in the incidence of 
DVT (P = 0-037) and the difference in unilateral 
thrombosis (P = 0-02) were significant. Table IV 
shows the incidence of DVT in the 47 patients in 
whom the diathermy plate was known to be under 
the buttock, and definitely not strapped to the control 
leg. It is seen that the distribution of DVT is similar 
to that in the whole group (Table IJ) and the overall 
difference (P = 0-006) and the difference in unilateral 
thrombosis (P = 0:0004) remain highly significant. 

The majority of the cases of thrombus in the con- 
trol leg were detected in the first 48 hours after opera- 
tion, but this was not true for the stockinged leg (Fig. 
2). Of the 7 patients with bilateral DVT, in 5 patients 
the thrombus occurred first in the control leg, in 1 
it occurred first in the stockinged leg and in the 
remaining patient both were detected on the same 
day. However, in neither those patients with unilateral 
DVT nor those with bilateral thrombosis is the 
difference in the time of detection of the thrombus 
Statistically significant, possibly because of the small- 
ness of the sample. 


Discussion 
The results of this trial have shown clearly that the 
incidence of DVT judged by the !**[-fibrinogen test 
is significantly less in the legs of patients wearing a 
TED stocking compared to the patients’ other con- 
trol legs. These results are in agreement with those 
of Holford (1976). He studied two groups of patients, 
one group wearing TED stockings on both legs and 
the other group acting as controls, and he found that 
the incidence of DVT in the stockinged group was 
half that in the control group. 

However, both the results reported here and Hol- 
ford’s results are at complete variance with those of 


Rosengarten et al. (1970) and Browse et al. (1974) 
who failed to show that the wearing of elastic stock- 
ings gave any protection against DVT. It is noted, 
however, that these latter authors were studying the 
effects of Tubigrip, a two-way stretch cylinder which 
is not contoured to the limb and has no gusset, so 
that it may produce gartering. Further, Browse et al. 
were using one size of stocking (4RT 6°75 cm; Seton 
Products Ltd), regardless of the size of patients’ legs. 

It is claimed (Makin et al., 1969) that Tubigrip 
increases the rate of venous return, but in fact Makin’s 
results were extremely variable; of his 13 patients only 
7 showed a marked increase in the velocity of the 
femoral venous blood while the others showed in- 
significant changes between the control and the Tubi- 
gripped leg. The TED stocking (Fiz. 1) was developed 
following the experimental work of Sigel et al. (1975), 
who studied the effect on the rate of femoral venous 
flow of 5 compression cuffs placed around the ankle, 
mid-calf, popliteal region, lower thigh and upper 
thigh. By altering the pressures in the cuffs they dis- 
covered that the maximal, consistent increase in the 
velocity of the femoral venous flow (138 per cent) 
was achieved by pressures of 18, 14, 8, 10 and 8 mmHg 
from the ankle to the upper thigh. By increasing the 
pressures, flow velocity was further increased in some 
patients but in others it was slowed. These results 
were in agreement with those of Myerowitz and Nel- 
son (1964), who found that a uniform pressure of 
10 mmHg resulted in an increase in flow velocity in 
80 per cent of their patients, but in 12 per cent there 
was actual slowing while in 8 per cent there was no 
effect. 

A recent study (Lewis et al., 1976) has been carried 
out on the effect of TED stockings on the time of 
clearance of radiographic contrast material from the 
leg. This showed that while TED stockings caused no 
decrease in the size of the deep veins of the legs, the 
average clearance times of contrast material from 
calf, popliteal region and thigh were halved in the 
stockinged legs as compared to the control legs. It 
would appear therefore that TED stockings increase 
the linear velocity of venous blood flow and also 
reduce pooling in the soleal sinuses and behind vein 
cusps. 

It was noted in this study that there was a rather 
high incidence of DVT in the control leg. On the 
basis of this study and others, there is general agree- 
ment that the overall incidence of calf vein thrombosis 
in patients over the age of 45 years undergoing a 
major abdominal operation is about 30 per cent; and, 
furthermore, that some 30 per cent of those patients 
who develop DVT have bilateral thromboses. Thus, 
20 per cent of legs, rather than patients, are at risk 
and this would have been the incidence expected in 
our control group, while the actual finding was 37 
per cent. This was probably due to a small sample 
error but it raises the possibility that the incidence of 
DVT in the control leg was increased by the stocking 
on the other leg, a possible explanation for this being 
described in the work of Spiro et al. (1970) and of 
Sabri et al. (1971). These authors have shown that 
externally applied pressure on one leg increases the 
quantity of blood flowing through the other, and it 
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is conceivable that the increased volume results in 
further pooling and predisposes to DVT. This ques- 
tion can only be resolved by further studies comparing 
the incidence of deep venous thrombosis in patients 
wearing stockings on both legs and control patients. 
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Resection of the manubrium 


D. F. N: HARRISON 


SUMMARY 

Direct exposure of the superior mediastinum is essential 
when resecting subglottic tumours of the larynx, neo- 
plasms of the cervical trachea or cervical oesophagus. 
This facilitates low resection of the trachea and clear- 
ance of the paratracheal nodes. This may best be carried 
out by removal of most of the manubrium sterni and 
both sternoclavicular joints and this operation has been 
performed in 22 patients with minimal morbidity or 
long term disability. 


EFFECTIVE radical extirpation of malignant tumours of 
the head and neck necessitates not only removal of the 
primary site with adequate margins but in many 
instances en bloc resection of the draining lymph 
nodes. 

The presence of the clavicles and manubrium sterni 
makes this technically difficult if not impossible with 
tumours arising in the subglottic region of the larynx, 
cervical oesophagus and occasionally the thyroid 
gland. Failure to include the superior mediastinum in 
radical excisions for such tumours inevitably leads to 
a high incidence of local recurrence, particularly 
around the tracheal stoma. Sisson (1970) has de- 
scribed the surgical management of stomal recurrences 
and certainly includes exposure of the contents of the 
superior mediastinum, but Harrison in 1971 stressed 
the importance of avoiding, or at least minimizing, 
the development of this lethal situation by including 
this area in the initial surgical resection. 

The anatomy of the superior mediastinum has been 
thoroughly explored and recorded but only two struc- 
tures are of immediate concern. In malignant tumours 
involving the subglottic region of the larynx or upper 
trachea, low resection of the trachea is obviously 





Fig. 2. Post-mortem specimen to show ulceration of trachea 
from metastatic carcinoma in the right paratracheal lymph 
nodes. Primary subglottic carcinoma of the larynx. 


essential but prevented by the presence of the manu- 
brium. Similarly, with tumours involving the cervical 
oesophagus, now best treated by pharyngolaryngo- 
oesophagectomy and primary pharyngogastric repair 
(Harrison, 1972), it is essential that the trachea be 
divided well below the potentially involved party wall 
between the trachea and oesophagus (Fig. 1). This 
avoids a tumour being left in situ on the posterior wall 
of the trachea—another cause for ‘stomal recurrence’. 





Fig. 1. Lateral X-ray of root of neck to show indentation of i 
the posterior wall of the trachea by a crico-oesophageal * Royal National Throat. Nose and Ear Hospital, 330 Gray’s 
neoplasm. Inn Road, London. 





Fig. 3. Serial section through a larynx removed with the 

thyroid gland and 6 tracheal rings for a left-sided subglottic 
carcinoma. Three paratracheal lymph nodes are included in 
the operative specimen on both sides of the trachea. (x 1-4.) 


In both these conditions the paratracheal chains of 
lymph nodes, which lie lateral to the trachea and con- 
nect the tracheobronchial nodes below with the 
inferior group of the deep cervical chain above, are 
sites of metastatic disease. Cadaveric and clinical dis- 
sections by the author have shown that these vary 
from 2 to 10 per side and usually only one or two lie 
above the suprasternal notch. It is not suggested, or 
expected, that macroscopical involvement of the lowest 
of these nodes can be successfully treated by any 
surgical procedure. However, the risk of microscopical 
involvement is high with these malignancies and 
failure to include all accessible paratracheal nodes in 
the surgical specimen is indefensible (Figs. 2, 3). 


Surgical anatomy of the superior mediastinum 

By definition this part of the mediastinum extends 
from the superior aperture of the thorax down to an 
imaginary plane extending from the sternal angle to 
the fourth dorsal intervertebral disc. It contains many 
important structures but in this particular operation 
we are primarily concerned with the trachea and its 
immediate relations. In the adult, approximately 6 of 
the 10 or 11 cm of its length lie above the suprasternal 
notch. As it descends through the superior mediastinum 
it is related anteriorly to the manubrium, origins of 
the sternohyoid and sternothyroid muscles and, most 
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Fig. 4. The whole manubrium sterni with both sterno- 
clavicular joints. 





Fig. 5. Skin sutures following total laryngectomy and partial 
removal of manubrium with both sternoclavicular joints. 
Note absence of a tube in the tracheostoma. 
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importantly, the left brachiocephalic (innominate) 
vein, the arch of the aorta and the brachiocephalic 
and left common carotid arteries. The latter diverge 
as they ascend into the neck coming to lie lateral to 
the right and left sides of the trachea respectively. As 
it descends the trachea inclines posteriorly, and this, 
together with the fact that the origins of the brachio- 
cephalic and left common carotid artery lie 2cm 
below the suprasternal notch (Mast and Jafek, 1975), 
means that only 1:5 cm of trachea can be gained by 
this approach. However, removal of the upper part 
of the manubrium sterni does allow resection of the 
whole 6cm of the cervical trachea, so the total gain, 
as compared with the length removed at total laryngec- 
tomy, will be at least 3 cm (Fig. 3). 

Paratracheal nodes may be removed down to this 
level by direct visualization, but from the tracheo- 
bronchial angles by digital removal. 

Variations in the position of the aortic arch and 
particularly the brachiocephalic artery may restrict 
the lower limit of tracheal resection. Cadaveric 
measurements show that in over 25 per cent of dis- 
sections this artery rises above the suprasternal notch. 
When the cut trachea is brought forwards to the skin, 
pressure may be exerted on this vessel with the possi- 
bility of erosion. This situation has not arisen in the 
22 patients operated upon to date but must be borne 
in mind, together with other common anatomical 
variations such as the distance between the pleural 
reflections—usually great in the obese. 


Surgical approach 

Even in the adult the manubrium sterni contains 
marrow and it is therefore a simple matter to bite 
away portions of the suprasternal notch to increase 
access to the trachea. However, this allows only a 
modest increase in the length of the trachea that can 
be resected with larynx or cervical oesophagus and 
offers no extra access to the paratracheal lymph nodes. 
For a short time midline splitting of the manubrium, a 
modification of midline sternotomy, enjoyed some 
popularity amongst surgeons unfamiliar with the 
technique of manubrial resection. Although this pro- 
cedure gave adequate access it did not allow placement 
of the cut trachea lower than the neck and was accom- 
panied by many of the complications outlined by 
Grmoljez et al. (1975) for midline sternotomy. Almost 
all of the cases relating to total resection of the 
manubrium sterni, usually with both sternoclavicular 
joints, that have been described in previous publi- 
cations have been for stomal recurrences of a neoplasm 
left in situ after ineffective total laryngectomy or 
pharyngolaryngectomy. This situation poses consider- 
able problems relating to irradiated skin, inability to 
obliterate dead spaces and the difficulties inherent in 
most salvage surgery. 

Since it is possible to define those tumours arising 
in the head and neck that may require exposure of the 
superior mediastinum as part of primary surgical 
extirpation, it appears logical to perform this initially 
and thereby minimize the risk of subsequent stoma! 
recurrence. During the period 1968-75, the author has 
experienced 22 patients who have had partial or total 
manubrial resections combined with total laryngec- 
tomy or pharyngolaryngo-ocesophagectomy. The 
author has modified the technique in the light of 
experience gained during these procedures, for 
originally (Harrison, 1971) the clavicular heads were 


freed by incising through the joint capsule. This was 
not only technically difficult but the prominence of 
the sternal heads of the clavicles restricted the attach- 
ment of skin to the tracheostome and the majority 
were removed at the end of the procedure. 

In practice the absence of this part of the clavicle 
and the manubrium sterni proved to cause these 
patients little difficulty. The cut ends of the clavicles 
do not obstruct the stoma on flexing of the shoulder 
joints if enough bone has been removed, and the 
costoclavicular ligament prevents ‘floating’ of the 
clavicles. 

Exposure of the anterior surface of the manubrium 
and the sternoclavicular joints is gained by a vertical 
extension from the lowest margin of the apron flap 
used for resection of the primary tumour (Fig. 5). 

Division of the interclavicular ligament allows blunt 
dissection of the soft tissue from the posterior margin 
ot the manubrium and is essential to ensure that the 
various vessels lying in the superior mediastinum are 
well clear of the bone before removal. Blunt dissection 
behind both joints and the introduction of a protective 
malleable copper strip allows safe division of the 
clavicles lateral to the sternal heads whilst preserving, 
where possible, the costoclavicular ligament and 
origin of the sternohyoid muscles. It is useful to strip 
the periosteum off the anterior surface of the manu- 
brium to use it as cover for the divided bone and 
exposed marrow. However, it is rarely possible to 
obtain this as a thick intact sheet because of the un- 
dulations on the surface of the bone. This is not 
important because the posterior part of the bone will 
serve as well. In essence this means leaving the 
posterior plate of the manubrium with periosteum on 
one side and attached marrow on the other. It is 
sufficiently mobile to bring forward, sealing off the 
exposed marrow cavity, and is fixed in place by catgut 
sutures, 

The first rib is divided through its costal cartilage, 
although in males this may be both ossified and as 
thick as the clavicle. The author has used a small 
rhinoplasty saw for this intercostal space. It is wise to 
cut only into the marrow cavity since this allows the 
manubrial joint complex to be brought forward away 
from the contents of the superior mediastinum. 
Division at the lower end may now be carried out 
safely and enough of the posterior wall left to cover 
the exposed marrow lying in the remains of the 
manubrium. If the first rib is particularly large a saw 
cut may be made into the lateral margin of the 
manubrium itself and bone wax will then be needed to 
control any troublesome bleeding. The bone may then 
be removed (Fig. 4). 

The anterior wall of the trachea is cleared down to 
the separation of the brachiocephalic and left common 
carotid arteries, and the dissection of paratracheal 
nodes, first started in the neck, is carried down into 
the superior mediastinum. By bringing the mobilized 
larynx and cervical trachea forward it is possible to 
determine at what level the trachea may now be safely 
divided without exerting unacceptable pressure on 
related vessels while still allowing approximation to 
the skin edges. A dead space will always be left below 
the remaining trachea and above the divided manu- 
brium. If the marrow cavity has not been adequately 
sealed off infection is likely, with a persistent draining 
fistula into the mediastinum. This dead space can be 
minimized by limiting bone resection to the upper 





level of the first intercostal space but may also be 
obliterated with the sternohyoid muscles turned down 
from their clavicular origin. Suction drainage is 
essential to avoid haematoma formation and pro- 
phylactic antibiotic therapy has been used in every 
patient. 

Primary closure of the wound presents no difficulty 
but indwelling tracheostomy tubes should be avoided 
since they are not designed for these acutely angled 
tracheas and may cause pressure ulceration (Fig. 5). 
If peristomal oedema does present a serious problem, a 
soft silicone button is safe and effective. 


Results 

Because of the serious nature of the primary neoplasm 
only 14 of the 22 patients in whom mediastinal re- 
section was included in the radical resection have sur- 
vived for longer than 3 years. There have been no 
serious postoperative complications, however, al- 
though failure to obliterate the infratracheal dead 
space invariably leads to persistent discharge from the 
drainage tube area. In every patient this ceased within 
3 weeks and there have been no instances of medi- 
astinitis. 

The possiblity of a pleural tear and pneumothorax 
must be constantly borne in mind although this is 
unlikely if the manubrium is divided medial to the 
first costal cartilage. Severe bleeding from the internal 
mammary artery has not occurred in this group of 
patients. 

Absence of the sternoclavicular joints and manu- 
brium produces no objective or subjective disturb- 
ances, but leaving the sternal ends of the clavicles in 
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two patients caused some obstruction of the tracheo- 
stome. 

Analysis of the improvement in long term survival 
for patients with subglottic cancer or neoplasms in- 
volving the cervical oesophagus suggests that one 
factor has been the extension of the surgical resection 
following exposure of the superior mediastinum. How- 
ever, other factors must be considered and this work is 
not yet completed. Certainly stomal recurrence has not 
occurred in patients treated primarily by this technique. 

It is not suggested that every patient with sub- 
glottic laryngeal cancer or malignancy involving the 
cervical oesophagus will require exploration of the 
superior mediastinum. However, the oncological 
surgeon carrying out radical resection for these 
tumours must be prepared and able to expose this 
region for the purpose of low resection of the trachea 
and clearance of the paratracheal nodes. This is best 
carried out by removal of both sternoclavicular joints 
and most of the manubrium sterni. 
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Venous Surgery in the Lower Extremities 
Edited Lt-Cal. Kenneth G. Swan et al. 230 x 160 mm. Pp. 442+ 
xxii. Ilustrated. 1976, St Louis, Mo.: Green. $32.80. 


A SYMPOSIUM was held at the Walter Reed Army Hospital in 
Washington; when it was held is not stated, which is a pity 
because most of the material is precisely presented and care- 
fully published. From a reference in the introduction to a 
possible publishing date in 1974, it would seem to have been 
in 1973 or earlier. Certain statements would be easier to assess 
if the reader knew when they had been made: for example, in 
discussing techniques of venous repair it is surprising in 1977 
to read that the choice of suture material is unimportant. 
Perhaps the data of their past experience led to that conclu- 
sion, but nowadays probably most vascular surgeons would 
regard polypropylene as the best in the field. 

But it would be wrong to cavil at this one major fault, even 
though by its nature it must affect the value of the whole book 
to some extent. The contents are well chosen and mostly of 
major interest and impact. Space does not permit a detailed 
review of the mass of useful text, but a few examples will show 
how good a book this is. 

Contributions come from Rich and his associates on venous 
injuries and from Andrew Dale on their later effects: the 
Strandness team describe flow studies with the important and 
oft-forgotten resistance factor as a keynote: the haemo- 
dynamics of femoral venous ligation are discussed and other 
contributors consider methods and results of surgical venous 
repair—a more encouraging message here than has yet been 
heard, and based on wide experience of military casualties 
from Viet Nam. All these contributions and many more of 
similar interest and value make this book an interesting and 
worthwhile read for vascular surgeons and researchers what- 
ever their own field of interest. Indeed, the unusual breadth 
of the contents ensures that it will be widely read and with 
profit. 


H. H. G. EASTCOTT 


The Mitral Valve: A Pluridisciplinary Approach 
Edited Daniel Kalmanson et al. 235x 165 mm. Pp. 576+ xx. 
Hlustrated. 1976. London: Arnold. £19-50. 


Tuts is a well-produced volume which is the edited proceedings 
of the First International Symposium on the Mitral Valve, 
held in Paris on 26-28 May, 1975, under the auspices of the 
Foundation Adolphe de Rothschild, Department of Cardio- 
logy, sponsored by the French Cardiac Society and the Euro- 
pean Cardiac Society. The contributors were selected from 
most of the major institutions of the world presently contri- 
buting to the study of the mitral valve. They were recruited 
from surgeons, cardiologists, physiologists, pathologists and 
biochemists. 

The edited discussions are not obtrusive and make a useful 
contribution. The quality of the photographic reproductions 
is unusually high for a book of this sort. 

The cardiac surgeon in training would benefit greatly from 
reading this book from cover to cover, as a guide to the under- 
Standing of the function, in health and disease, of the mitral 
valve and to gain a greater insight into the techniques used 
for the investigation and treatment of its diseases. 

The practising cardiac surgeon will find this a valuable 
source of reference to recent work on the mitral valve and a 
very useful assembly of papers relevant to the subject of mitral 
valve disease, It is an interesting comment on the rapid pro- 
gress of the surgery of the mitral valve that it is possible to 
have a symposium of 48 original papers without a single one 
devoted to closed mitral valvotomy. It is merely relegated to 
a small section of less than one page in the last paper! 

The editor and publishers are to be congratulated in pro- 
ducing such a useful volume in such a short time. 

E. H. BENTALL 


Early Breast Cancer: its History and Results of Treatment, 
Volume 5. Experimental Biology and Medicine 

Carl M. Mansfield. 225 x 155 mm. Pp. 129. 1976. Basle: Karger. 
No price given. 


THIS is a splendid little book which reviews historically and 
gives an up-to-date survey of each method of local treatment 
of breast cancer. The author also documents the various con- 
trolled randomized trials of local therapy which have been 
performed to date. He concludes that the evidence suggests 
that a patient with clinical stage I or H disease has an equal 
chance of survival regardless of which form of local therapy 
is used. This view is becoming generally accepted, and the 
author’s plea that therapists must work together to find the 
best method of treating the disease is one which all should 
support. 

This book is factually and succinctly written and includes a 
comprehensive list of references. It can be strongly recom- 
mended as an up-to-date guide to the results of local therapy. 

Although the price in Britain is not quoted, for its size (129 
pages) and content, DM 49 (US $19.00) is a lot of money. 

A. P, M. FORREST 


Diseases of the Thyroid 
David Evered. 215x 145 mm. Pp. 182. Ilustrated. 1976. Tun- 
bridge Wells: Pitman Medical. £6. 


IN recent years Newcastle upon Tyne has become a leading 
centre for advancing our knowledge of the thyroid gland and 
the first UK meeting of the European Thyroid Association 
will be held in that city. This new book on the gland comes 
therefore from an excellent background and Dr Evered is 
already known as the author of many important papers on 
hypothyroidism and the thyroid hormones. 

This slim volume compresses into its 180 pages a splendidly 
comprehensive review of the thyroid gland in health and 
disease. The introductory chapters on physiology and the 
investigation of patients are models of clarity and are excel- 
lent for the newcomer to this field. The 70 pages on hyper- 
thyroidism, hypothyroidism and thyroiditis will be equally 
valuable as an introduction to the subject and as a refresher 
course for those who already treat these patients. Hardly a 
word is wasted and the terseness of expression often makes it 
necessary to re-read a paragraph before appreciating it. 

Thyroid tumours get relatively short shrift and are not 
adequately presented from the surgeon's viewpoint; however, 
there is a very well-selected list of references at the end of 
each chapter, so that the reader has a good guide to what he 
should next consult. The references are accurate and the titles 
of papers given in full, which adds considerably to their value. 
The whole werk gives the reader the impression that despite 
long gestation it had a brief labour, and this, with careful cor- 
rection of proofs, makes it wonderfully fresh. 

If this book were a little less expensive, and possibly this 
could be achieved if it appeared as a paperback, it would te 
‘today’s best buy’ in the thyroid field. 

SELWYN TAYLOR 


Statistics at Square One 

Articles published in the British Medical Journal. 215 x 140 mm. 
Pp. 86-- vi. Hlustrated. 1976. London: British Medical Associa- 
tion, £1 50. 


Tis book provides information on basic statistical methods 
employed in clinical medicine. It is written with an economy 
of words and a minimum of mathematics. It provides step-by- 
step instruction in the use of an electronic calculator in work- 
ing through some examples. Most of the common statistical 
techniques used in clinical work are dealt with and the price 
is right. A good buy. 

G. C. CLARK 


Systemic Pathology 
Edited W. St C. Symmers. Second edition. 245x 195 mm. 
Pp. 4284-56+xii. Illustrated. 1976. Edinburgh: Churchill 
Livingstone. £19-50. 


THE second edition of Systemic Pathology will be in four 
volumes instead of the previous two, and this book constitutes 
the first volume devoted to the cardiovascular and respiratory 
systems. The seven sections are on heart, congenital cardio- 
vascular disease, blood vessels and hypertension, nose, naso- 
pharynx, larynx and lungs. The first impression is that in 
many sections there are few changes from the first edition. 
For the most part this is a strength (e.g. the same admirable 
emphasis on disordered physiology in the chapter on the 
heart), but some of the concepts appear outmoded (e.g. the 
‘embolic’ lesions in infective endocarditis and the account of 
serum sickness). It is also undesirable that some of the cardio- 
vascular diseases receive double coverage (e.g. rhabdomyomas 
are described as hamartomas on p. 66 but as a localized 
glycogen storage disease on p. 81). 

A new feature is the good chapter on hypertension which 
follows the section on blood vessels. In both of these sections 
there are sound morphological accounts of the lesions in man, 
together with details of animal experimental work. The de- 
scriptions of nasal and nasopharyngeal pathology are espe- 
cially useful for the practising histopathologist; the coverage of 
diseases of the larynx is clear and comprehensive. The section 
on the lungs is noteworthy for the excellence of the illustra- 
tions (especially of emphysema) and for a stimulating account 
of fungal diseases. The way in which the references are 
grouped at the end of chapters, rather than as footnotes, 
seems to be a distinct improvement on the first edition. 

The major problem with this work, however, is the one 
which the editor, with characteristic honesty, tackles in his 
preface. With ever-rising prices, what is the future of volumes 
like this? It seems inevitable that by the time the other three 
volumes appear, the total price must be at least £100. What 
practising doctor (let alone student) can afford this? The 
editor’s solution is to look for independent financial backing 
of a non-commercial kind, and one wonders if government 
or drug firm money could be used for this. An alternative 
idea (suggested to this reviewer by a younger member of staff ) 
might have been to re-issue the first edition with a small 
{possibly paperbacked) accompanying book containing the 
significant amendments considered relevant. 

There can be no doubt that both this volume and Systemic 
Pathology as a whole are a monument to British pathology 
and one that brings further distinction to the reputation of 
its teaching. 

P. M. SUTTON 


Manual on Control of Infection in Surgical Patients 

Edited Williams A. Altemeier et al, (American College of Sur- 
geons Editorial Subcommittee.) 235 x 170 mm. Pp. 280-4- xxxiii. 
Illustrated. 1976. Oxford: Blackwell Scientific. £12-80. 


THe American College of Surgeons. organized four sympo- 
siums between 1970 and 1972 at which there were 98 contri- 
butors, including 3 from Canada, 2 from Britain and 1 each 
from Germany and Brazil. This manual was prepared by an 
editorial committee of four surgeons who have distilled the 
main points contributed into a brief and readable account. 

The 266 pages of text comprise 16 chapters, including not 
only the surgical management and prevention of wound infec- 
tion, but also incidence, cost, housekeeping technique and 
laboratory support required. The chapter on the use and 
abuse of antibiotics is particularly worthy of attention by 
British surgeons who have less experience so far of the conse- 
quences of overenthusiastic prophylaxis and treatment. 

Some non-surgical infections are included, which is a pity 
in a book of this size, especially as recommendations con- 
cerning them are less acceptable. For example, surgical masks 
afford little if any protection to the wearer from respiratory 
infection and are not necessary routinely for doctors visiting 
patients with respiratory tuberculosis or meningococcal 
meningitis, 
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The section on the principles of wound dressing technique 
is very brief. British experience is at variance here, it being 
usual to keep wounds dry whenever possible rather than to 
apply either saline or mild antiseptic routinely, as suggested 
here. 

The chapter on sterilization is outdated. High vacuum 
rather than downward displacement autoclaves are now 
widely used and there is no mention of formalin plus heat 
sterilization or pasteurization of heat-sensitive equipment, 
which is rapidly replacing ethylene oxide or the application 
of glutaraldehyde in Britain. 

Nevertheless, surgical departments would find this book 
interesting and useful. The problems discussed are universal 
and many of the recommendations apply here. Terms such 
as ‘dressing cart’ should remind those who have not been 
fortunate enough to visit American hospitals that the differ- 
ences in nursing and administration, and in patients admitted 
for treatment—often at a more advanced Stage of disease-— 
have a bearing on the findings and methods of prevention 
recommended. Blind adoption of methods which seem to 
work best in the USA may prove disappointing in British 
hospitals. Advance notice of how to deal with and prevent 
antibiotic resistance, not yet encountered widely in Britain, 
is, however, of great value. 

E. J, STOKES 


Esophageal Hiatus Hernia 
Thomas Gahagan and Conrad R. Lam. 230% 155 mm. Pp. 189+ 
ix, with 100 illustrations. 1976. Springfield, Iil.: Thomas. $19.50. 


THE first-named author, from the Henry Ford Hospital, 
Detroit, began, in 1964, reviewing 345 patients operated upon 
by the Allison technique in order to publish a monograph, 
but he died in 1967. The second author, while completing the 
work, invited Allison to write the foreword. Before the manu- 
script was completed, Allison also died. 

The resulting book is interesting, anecdotal and claims to 
demonstrate that Allison’s technique gives just as good results 
as more complicated operations, including fundoplication 
which is currently in vogue. The book also proposes an addi- 
tion to the usual sliding and rolling hernias: an unusual infra- 
cardiac bursa hernia is described, in which the distal stomach 
herniates upwards to the right of the oesophagus. 

Ít is remarkable that we are still incapable of agreeing upon 
the choice of a best operation for so many common conditions. 
The difference between patients and their tissues, the differing 
criteria of selection for operation used by surgeons and the 
conscious or unconscious variations on ‘standard’ techniques 
make comparisons impossible. Operations for the repair of 
uncomplicated hiatal hernia are less frequently carried out 
than they were 10 years ago. Few of us therefore perform 
enough operations to make valid comparisons. This book 
makes a case for not dismissing a well-tried method merely 
because it is not the most modern. However, it proves nothing 
except that the authors consider their results are at least as 
good as those reported by others, and these are the criteria 
by which most of us select our favourite techniques. 

R. M. KIRK 


Emergencies in Medical Practice 
Edited C. Allan Birch. Tenth edition. 215x 145 mm. Pp. 864. 
Illustrated. 1976. Edinburgh: Churchill Livingstone. £15. 


THE tenth edition of this well-known text comes 5 years after 
the last and nearly 30 years after the first edition. This book 
has stood the test of time and there can be few practitioners 
who have not found cause to resort to it for advice, 

It would be invidious to single out areas of contention, for 
the purpose of the book is to provide information on medical 
emergencies. There is an enormous amount of information 
on all aspects of clinical emergencies and much useful advice 
for the practitioner involved with medicolegal problems. The 
interval between editions is about right for this kind of refer- 
ence book. As with its predecessors, it will find a place on 
many personal as well as library bookshelves. 

C. G. CLARK 
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Accidents and Emergencies: A Practical Handbook for Personal 
Use 

R, H. Hardy. 210 * 150 mm. Pp. 62. Illustrated. 1976. Oxford: 
Dugdale. £1-30. 


Dr Harpy has attempted to write a 62-page book for junior 
staff in accident and emergency departments which will help 
them to take ‘swift confident decisions and effective action 
under pressure’. Yet, in the section on major head injuries, he 
writes: ‘Early deterioration in, e.g., deceleration injuries is 
generally due to cerebral changes that are not amenable to 
surgery. This, however, is not the place to give detailed advice, 
and reference should be made to standard works on head 
injuries and intensive care.” Many might doubt the wisdom 
of the first statement, but the second is a question which I 
feel must be asked not merely about major head injuries, but 
about many of the other subjects on which he writes. 

Abortions are said to be ‘unpredictable and often combined 
with anxiety and fear’, but there is no illuminating advice 
which will make them less unpredictable and less likely to 
produce anxiety. The instructions about suturing divided 
flexor tendons in the hand are interesting, but should a junior 
doctor be suturing a flexor tendon in the hand? And where are 
the instructions which will guide him in deciding whether the 
tendon is cut? As for cut nerves in the hand, they are not 
mentioned, So-called "sprained ankles’ are commonly inversion 
injuries to the subtaloid joints, rather than calcaneofibular 
and talofibular ligaments, as Dr Hardy says. No mention is 
made of complete tears of the lateral Iigament of the ankle 
(though forced inversion X-rays are advised for the diagnosis 
of diastasis). Swift confident decisions are made when injuries 
and emergencies are correctly understood, but in the limited 
space there is no room for explanations. 

This is sad, for Dr Hardy courageously opts for his own 
experience rather than the dogmas of orthodox textbooks, and 
his views on clinical trials, paramedical colleagues, poisoning, 
certification of the insane and many other topics, even when 
not universally valid, are full of interest, compassion and 
humour. I myself have enjoyed his book and learned from it, 
but I do not think if fulfils its author's ambitious purpose. 

WILLIAM H. RUTHERFORD 


The Pathology and Surgery of the Veins of the Lower Limb 
Harold Dodd and Frank B. Cockett. Second edition. 250 
190 mm. Pp. 323. Mlustrated. 1976. Edinburgh: Churchill 
Livingstone. £1550. 


DurinG the first 20 years that elapsed after the first edition 
of this surgical favourite, its subject theme continued to lan- 
guish as the Cinderella of surgical practice, and most prag- 
matic vascular surgeons occupied themselves with matters 
arterial. The past 3 years have altered all this. There has been 
such an explosion of interest in venous thrombo-embolism 
that the whole medical profession is now aware that at last 
things are happening. The second edition of Dodd and Cockett 
is therefore timely in its appearance. Fortunately, the good 
original fundamental material on the varicose syndromes has 
been preserved and given its right emphasis and, in addition, 
much new fundamental scientific light is thrown on this familiar 
group of conditions. Part I, on the superficial veins, is un- 
rivalled for clarity, interest and excellence. Part HI has been 
rewritten with the cooperation of five specialist contributors, 
all well known for their work in the new territory of the deep 
veins. Ultrasound, isotope and angiographic evidence is placed 
in its proper and practical perspective. Though not everyone 
would agree with the message in Table 14.1 on the differing 
types of deep venous thrombosis and their relative risks, and 
while some would also feel that operative thrombectomy has 
little place today except in early venous gangrene, the presenta- 
tion of the iliac compression syndrome of Cockett is con- 
vincing and elegant. Direct information ts beautifully shown 
in angiograms and operative photographs—-always more con- 
vincing than drawn diagrams. Dodd and Cackett’s book holds 
its place at the forefront of a large field. 

H. H. G. EASTCOTT 





Aids to Postgraduate Surgery 
Meirion Thomas and John S. Beistead. 215 x 135 mm. Pp, 140+- 
viii. Illustrated. 1976, Edinburgh: Churchill Livingstone. £225. 


Tuts paperback is a bold effort by two surgical registrars to 
summarize the salient facts and arguments about a wide range 
of surgical subjects which are either topical or controversial. 
The emphasis is on the word ‘summarize’, because each section 
resembles the lecture notes that an eager student might make 
in response to a highly organized, fast-speaking lecturer. The 
authors have been deliberately selective, but I think they have 
done well in their choice of well over 40 subjects. The intel- 
lectual might well criticize the book for its lack of critical 
discussion. However, had I had it for last-minute revision, I 
think one of my several visits to Queen’s Square might well 
have been successful! 

ALAN G. COX 


Malignant Melanoma. Clinical and Histological Diagnosis 
Vincent J. McGovern. 255 x 180 mm. Pp. 178+ xie, with 123 
illustrations. 1976. New York: Wiley. £16. 


MALIGNANT melanoma, as is skin cancer in general, is a rela- 
tively common condition in Australia. Dr McGovern, a histo- 
pathologist at the Royal Prince Alfred Hospital, Sydney, has 
written this relatively slim and beautifully produced book on 
the basis of his large personal experience with melanoma, to 
which subject he has made important contributions. 

His stated aims are to help the diagnostic histopathologist 
and to correlate the histological appearances with the clinical 
manifestations of melanoma. This he has done in masterly 
fashion, considering first benign pigmented lesions and their 
malignant potential before proceeding to his main theme. 

He classifies cutaneous melanoma on the basis of Clark’s 
now well-known work, which is essential to the understanding 
of the clinical behaviour of the individual lesion. He devotes 
a subsequent separate chapter to a more detailed analysis of 
prognostic features, clinical and pathological. Rare varieties 
of melanoma are described, the phenomenon of spontaneous 
regression discussed and the problems of mucosal lesions and 
melanoma in childhood and pregnancy are considered. A 
further chapter is devoted to ocular melanoma. 

The general surgeon will be especially interested in the 
chapter on frozen section diagnosis, which technique is remark- 
ably accurate in experienced hands. He will also turn to ihe 
chapter entitled “The Surgical Approach’. Here, in advising 
on the extent of resection for the primary lesion, the author 
passes the buck to the surgeon. There is more precise patho- 
logical evidence to guide one in the management of the regional 
lymph nodes and this is marshalled in a helpful and balanced 
way. 

This book provides a concise, lucid account of the gross 
and microscopic appearance of melanoma. The photomicro- 
graphs are excellent and the clinical photographs lose surpris- 
ingly little for reproduction in black and white. The biblio- 
graphy is carefully selected rather than comprehensive. 
Dr McGovern has succeeded admirably in his aim of provid- 
ing a practical guide for the pathologist which will also prove 
invaluable for all those clinicians, especially surgeons and 
dermatologists, who meet the melanoma patient in practice. 

G. WESTBURY 


Surgery of Peptic Ulcer. Major Problems in Clinical Surgery, 
Volume 18 

René Menguy. 235% 165 mm. Pp. 297+ x. Mlustrated. 1976, 
Philadelphia: Saunders. No price given. 


A DISAPPOINTING volume from a distinguished contributor. 
Perhaps the limitations imposed by the size and format of the 
Major Problems in Clinical Surgery series contributed to this 
but too much space is occupied with operative diagrams and 
X-rays. This space could have been better used as text, for the 
volume is a personal one and Menguy’s opinion is always 
worth knowing. The book may appeal to those who wish a 
superficial look at the broad field of peptic ulcer surgery. 
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Due to its dramatic reduction of gastric acid 
secretion ‘Tagamet’ has achieved quite remarkable 
results in peptic ulcers and reflux oesophagitis. 

Complete healing of duodenal and gastric 
ulcers!2.3.4 (proven endoscopically) is seen in most 
patients after 4 weeks' treatment. 
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The discovery 


Until recently, one aspect of gastric physiology 
remained paradoxical—histamine was known to be a 
potent stimulant of gastric acid, yet conventional 
antihistamines were totally inactive in this area. 
Confronted by this apparent anomaly investigators 
began to suspect that there might in fact be two types 
of receptor site for histamine-one mainly for allergic 
reactions (H,) and the second for gastric acid 


secretion (H,). 
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In 1964, the SK&F research team set out to find anew 
class of therapeutic agent by chemical modification 
of the histamine molecule. They were seeking an agent 
capable of blocking the action of histamine at the H; 
receptor site, just as conventional antihistamines do at 
the H; site. After 12 years of extensive research, this 
search has resulted in the development of ‘Tagamet’ 
the H: receptor antagonist, with the fundamental 
property of controlling gastric acid secretion? 
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Carcinoma of the male breast: a review of 200 cases 


G. G. RIBEIRO* 


SUMMARY 

Two hundred cases of male breast carcinoma were 
treated at the Christie Hospital, Manchester, between 
1942 and 1971. The survival rate of the group following 
curative treatment is presented; the response to pallia- 
tive treatment is also discussed. The survival rate was 
particularly good for stage I cases, with 79 per cent 
surviving for 5 years and 56-3 per cent surviving for 10 
years. However, the later stages did less well, parti- 
cularly when compared with female patients of the same 


age and stage. With such a rare disease it would be of 


help to centralize the treatment of these patients as 
much as possible. 


THE rarity of carcinoma of the male breast is reflected 
in the paucity of reports among the British literature. 
Somerville (1952) described a series of 19 cases, 
followed by Greening (1965) who reported 28 cases 
collected between 1936 and 1963 at the Royal Mars- 
den Hospital. Slack (1975) reported the survival of 
38 cases on the Register of the South Western Regional 
Health Authority and, recently, Langlands et al. (1976) 
reported a series of 88 cases. 

In the 9-year period from 1962 to 1970, 12 889 
patients with breast carcinoma were registered in 
what was then the Manchester Region; of these only 
0-7 per cent were male patients. The present report 
describes the treatment and instance of survival among 
200 patients. 


Patients and methods 

During the period 1942-71 inclusive, 200 male patients with 
breast Carcinoma were registered at the Christie Hospital in 
Manchester. The records of each patient were examined and 
an attempt was made to stage the disease as accurately as 
possible. It was only possible to do this within the Manchester 
Classification, as described by Paterson (1963), as sufficient 
details were not available in the earlier records to enable the 
TNM classification to be used. 

Histological evidence was available for all patients except 
some with stage IV disease, but the clinical diagnosis and course 
of the disease left little doubt as to the nature of the condition. 

Survival curves to show the actuarial survival rates have 
been calculated in two ways: first, including all deaths whatever 
the cause, and secondly, counting deaths from breast carcinoma 
only, i.e. a patient who dies of an intercurrent disease at time 
T after treatment is included as being at risk up to time T and 
then omitted from the group at risk at all times greater than T. 
Significant differences between curves were worked out by 
using the log Rank test (Peto and Peto, 1972). 

The age distribution is shown in Fig. 1. The youngest patient 
was aged 27 years and the oldest 91 years. The incidence of 
breast cancer rises sharply with age and the majority of patients 
were in the fifth and sixth decades. 

The initial signs and symptoms are shown in Table J. 
Seventy-five per cent of patients sought advice because of a 
painless lump in the breast that was increasing in size. Only 
4 per cent complained of a painful lump. Symptoms and signs 
referable to the nipple were present in 11 per cent of cases. 

Table If shows the percentage of patients in each stage. The 
increase in stage I patients in the period 1957-71 is statistically 
highly significant (t= 3-41: v= 199; P<0-001). 


Curative treatment 
Table III shows the different types of treatment employed for 
stages I, H and II breast carcinoma. By splitting the total 


32 
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Fig. 1. Age distribution. 


Table I: INITIAL SYMPTOMS AND SIGNS AMONG 
200 PATIENTS 


Painless lump: 150 (75%) 
Painful lump: 8 (495) 
Ulceration of breast (excluding nipple): 12 (6%) 
Nipple ulceration: 

Nipple retraction: 

Nipple discharge (serous): 
Nipple discharge (bloodstained): 
Redness of skin: 

Symptoms due to metastases: 
Incidental finding: 
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Table Il: DISTRIBUTION OF PATIENTS BY STAGE 
OF DISEASE 








No. of Patients in each stage (°4) 
Years patients 1 2 3 
1942-56 89 24-7 PENA 24:7 28-1 
1957-71 111 48-7 16-2 20-7 14-4 
1942-71 200 38-0 19-0 22:5 20-5 
Table IH: TYPES OF TREATMENT 
Radical Simple 
mastectomy mastectomy 
+RT +RT RT only 

1942- 1957- 1942- 1957- 1942- 1957-- 
Stage 56 71 56 71 56 71 Total 
I 16 20 4 31 2 3 76 
H 14 VW 3 6 3 i 38 


+ RT, with or without radiotherapy. 


number of patients into those treated during 1942-6 and those 
treated during 1957-71, it is possible to see a trend towards 
performing a simple mastectomy with or without radiotherapy 
in the past 15 years. In stage I, 36 patients had a radical 
mastectomy with or without radiotherapy and 35 patients had 
a simple mastectomy with or without radiotherapy. However, 
it is not possible to compare survival rates in the two groups 
as most of those patients having the simpler operation are only 
just coming up to a 5-year follow-up. Five patients with stage I 
disease had radiotherapy only, as they were not suitable for a 
general anaesthetic owing to their great age. 

In stage II there was a definite bias towards radical mastec- 
tomy; almost three times as many patients had a radical 
operation compared with a simple mastectomy. The trend has 
not altered in the past 15 years. 


* Christie Hospital and Holt Radium Institute, Manchester. 
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Fig. 2. Survival curve of 200 patients. 
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Fig. 3. Comparison of survival curves of male and female 
patients (excluding intercurrent deaths) for stage I disease 
and stage H and Hil disease. 


The majority of stage I patients had radiotherapy treat- 
ment as the treatment of choice, without prior surgery. 

Not surprisingly, the methods of radiotherapy have changed 
considerably over the past 29 years. In the earlier period, post- 
operative therapy was given by means of a radium mould 
applied to the operation flaps, the alternative being a radium 
needle implant. From the 1950s onwards, kilovoltage machines 
(250-300 kV) have been used to give radiotherapy using the 
standard quadrate technique (Paterson, 1963), 


Results 
The survival curve of the total group of 200 patients 
is shown in Fig. 2. When intercurrent deaths are 
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Fig. 4. Time interval from mastectomy to initial recurrence/ 
metastases. 


Table IV: SITES OF RECURRENCE/METASTASES 


No. Total 
of  Local/regional Distant recurrence/ 
Stage patients recurrence metastases metastases 
{ 76 11/76 (14%) 8/76 (10-35%) 19/76 (25%) 
H 38 8/38 21 1938 500%, 27/38 (71%) 


included, the 5-year and 10-year survivals are 39 and 
18 per cent respectively. With the exclusion of inter- 
current deaths, the 5-year and 10-year figures are 
42-6 and 26 per cent respectively. Moss (1964), in a 
series of 248 patients, showed a corrected 5-year 
survival of 43 per cent and Scheike (1974), in a series 
of 215 patients, had a corrected 5-year survival of 
46 per cent. 

Fig. 3 shows the survival curve of patients with 
stage I disease treated between 1942 and 1971, with 
intercurrent deaths excluded. The 5-year survival is 
79 per cent and the 10-year survival 56:3 per cent. 
This curve is compared with the survival curve of 73 
female patients with stage I breast carcinoma, who 
were of the same average age and treated at the same 
period. There is no statistical difference between the 
survival of the male and female patients. 

There were 38 patients with stage II disease and 45 
patients with stage III, a total of 83 patients. The 
survival curve of these 83 patients, excluding inter- 
current deaths, is also shown in Fig. 3. The 5-year 
and 10-year survival is 28 and 10 per cent respectively. 
The survival of the male patients is compared with 
110 female patients matched for age and stage of 
disease and treated during the same period. The 
survival of the females is significantly better at 5 and 
10 years (P = 0-007). 


Recurrence/ metastases 

Nineteen of 76 patients (25 per cent) with stage I 
disease developed evidence of local recurrence or 
distant metastases. Twenty-seven of 38 patients (75 
per cent) with stage II disease developed local recur- 
rence or metastatic disease. Fig. 4 shows the interval 
from mastectomy to recurrence/metastases, and it 
will be seen that the majority who developed recur- 
rence/metastases did so within 2 years of mastectomy. 


Table I V shows the number of patients with local 
recurrence and those with distant metastases in stages 
I and II. It will be seen that 50 per cent of stage IT 
patients developed distant metastases compared with 
10-5 per cent in stage I. 


Palliative treatment 

All stage IV patients were treated palliatively. Radio- 
therapy was given to the primary tumour where 
necessary and also to very painful bone metastases. 
The majority was given hormone therapy, which was 
also given to the patients who developed recurrence 
and metastases following surgery and radiotherapy in 
the earlier stages of the disease. 

The results of stilboestrol therapy in this group of 
patients have been described elsewhere (Ribeiro, 1976). 
Twenty-one of 55 patients (38 per cent) treated showed 
a response, 14 of these patients having an objective 
response with a median remission of 7 years. How- 
ever, no response was obtained in patients with bone 
metastases. Eight patients had a bilateral orchid- 
ectomy for generalized disease and none of these 
showed a response. However, all these patients had 
been treated with stilboestrol previously and had also 
showed no response to the drug. 

Two patients had bilateral adrenalectomies and 
bilateral orchidectomies performed simultaneously. 
One patient responded objectively with radiologically 
demonstrable resolution of lung metastases and 
sclerosis of osteolytic bone metastases, with relief of 
pain maintained for 20 months. 

Four patients who had previously been treated with 
stilboestrol with no response had bilateral adrenal- 
ectomies only. Two of the 4 patients showed no objec- 
tive response. One patient had complete pain relief 
and radiological improvement of his bone metastases 
which was maintained for 14 months before relapsing, 
and the other had recalcification of osteolytic metas- 
tases in the pelvic bones which was maintained for 
8} years. 

Prednisone was given to a number of patients with 
some symptomatic relief but no long term effects 
were noted as the drug was usually given in the ter- 
minal stages of the disease. 

Too few patients have been given cytotoxic drugs 
for it to be possible to arrive at any conclusion. 


Discussion 

The overall survival in this series corresponds with 
that reported in other comparable series (Moss, 1964; 
Scheike, 1974). The survival in stage I cases is parti- 
cularly good and there is no difference when com- 
parison is made with female breast carcinoma cases 
of the same age and stage. However, stage II and 
stage HI cases appear to do worse than females of 
the same age and stage, It is not clear why this should 
be. Although hormone therapy has been used at an 
earlier stage of the disease in the past 15 years, there 
is in fact no statistical difference between the survival 
rate of patients between 1942 and 1956 and between 
1957 and 1971 in stages II and III, even when inter- 
current deaths are excluded. Slack (1976) found that 
the survival of male patients of more than 65 years 
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of age was worse than that of women of over 65 
years. However, in the present series 43 per cent of 
stage I patients were over 65 years compared to 36 
per cent of patients in stages H and IH. 

It is also difficult to explain why significantly more 
patients with stage I disease (48-7 per cent compared 
with 24-7 per cent) have been seen from 1957 to 1971, 
as carcinoma education programmes have not been 
directed towards male breast carcinoma. 

In this series only 10-5 per cent of stage I patients 
developed distant metastases whereas 50 per cent 
of the stage II patients developed distant metastases. 
One could argue that stage II patients are a high risk 
group and that they should be considered for adjuvant 
hormone therapy. 

In recurrent and metastatic disease the response 
to stilboestrol therapy is similar to that in female 
patients, with an overall response of 38 per cent 
(Ribeiro, 1976). 

However, patients with bone metastases did not 
respond to treatment, and a prospective trial is being 
set up to test the efficacy of performing bilateral 
orchidectomy as a first procedure in this group of 
patients. Treves (1959) obtained an objective remis- 
sion of 66 per cent with bilateral orchidectomy in 41 
patients of whom 23 had bone metastases. The same 
percentage of remission for bone metastases has not 
been achieved in any other large series and it is worth 
a further trial with the rigid criteria of remission used 
today. 

As Scheike (1974) has suggested, the treatment of 
such a rare disease should be centralized as much as 
possible. 
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Pulmonary function in the early postoperative period 
P. S. PARFREY, P. J. HARTE, J. P. QUINLAN AND M. P. BRADY* 


SUMMARY 

To the authors knowledge, an intensive investigation 
of pulmonary function during the first 2 postoperative 
days has not previously been reported. Consequently, 
in this study the effect of regional surgery on respiratory 
function, monitored every 4h during the first 2 post- 
operative days, was analysed. Hypoxaemia was a con- 
stant finding in all patients undergoing general anaes- 
thesia. The degree and duration of hypexaemia and 
spirometry changes were related to the site of surgical 
incision. Clinical signs of atelectasis were commonly 
observed during the first postoperative day and occurred 
after the change in Po, and spirometry. Atelectasis was 
more common in patients having upper abdominal 
surgery. The current investigation reveals that the 
earliest postoperative change indicative of atelectasis 
is the fall in Po,; that auscultatory changes do not 
always occur in the presence of postoperative hypox- 
aemia; that auscultatory signs are not indicative of the 
extent of the Po, fall; and that radiology represents a 
crude method of assessing postoperative atelectasis. 


DISORDERED pulmonary function has been recognized 
for many years as a complication of surgery and 
anaesthesia (Dripps and Severinghaus, 1955; Hewlett 
and Branthwaite, 1975). Taylor et al. (1964), Mar- 
shall and Miller (1965), Stephen and Talton (1965) 
and Kitamura et al. (1972) monitored the blood gases 
during the first 5 postoperative hours, whereas Dia- 
ment and Palmer (1966) investigated the influence of 
surgery on the Po, during the first postoperative day. 
Furthermore, Palmer and Gardiner (1964), Knudsen 
(1970) and Latimer et al. (1971) observed the Po, of 
their patients daily after upper abdominal surgery. 
Intensive pulmonary function testing during the first 
2 postoperative days, however, does not appear to 
have been carried out, nor have the Po, changes been 
correlated with the clinical changes. 

Auscultatory evidence of atelectasis following ab- 
dominal procedures has been shown by Shibutami 
et al. (1968) to correlate well with the degree of atel- 
ectasis determined by Po, measurement, and by 
Schlenker and Hubay (1973) to correlate well with 
temperature elevation and chest radiographs. 

The relationship between onset of clinical signs of 
postoperative pulmonary disorder and postoperative 
hypoxaemia has not been adequately investigated. 
Anscombe (1957) showed that abdominal surgery 
interfered with the mechanical function of the lungs. 
Little work has been performed investigating the 
effect of regional surgery on spirometry during the 
first 2 postoperative days. Accordingly, a study of 
the effect of upper abdominal, lower abdominal and 
non-abdominal surgery on clinical state, spirometry, 
blood gases and X-ray examination over the first 2 
postoperative days was undertaken to investigate to 
what degree hypoxaemia occurred in these groups, 
when it commenced, whether it lasted for a full 48 h 
and what its relationship was to measureable changes 
in ventilation and to clinical and radiological evidence 
of atelectasis. 


Patients and methods 

Twenty-three patients were assessed clinically and by 
pulmonary function tests every 4h during the first 2 post- 
operative days. Four groups of patients were studied: group 
A, those having upper abdominal incisions (7); group B, 
lower abdominal incisions (7); group C, non-abdominal 
surgery (6); group D, surgery under local anaesthesia (3). 
Pulmonary function was monitored using (a) clinical assess- 
ment, (b) spirometry, (© blood gas analysis and (d) radiological 
assessment. To assess their respiratory status each patient 
completed a questionnaire based on the respiratory question- 
naire of the Medical Research Council (1962). In the present 
study a light smoker was defined as one who smoked less than 
10 cigarettes a day and a heavy smoker as one who smoked 
more than 10 cigarettes a day. Bronchitis was considered mild 
if the patient coughed rarely at any time of the day and if 
occasionally the cough produced sputum. It was considered to 
be severe when the patient produced a tablespoonful or more 
of sputum each day. Weight was expressed as a percentage 
above or below ideal weight (Wightman, 1968). 


Table I: COMPARISON OF Po, VALUES MEASURED 
FROM ARTERIAL BLOOD AND ARTERIALIZED 
CAPILLARY BLOOD 





Arterialized Arterialized 
capillary capillary 
Arterial blood blood Arterial blood blood 
64 63 92 88 
59 59 76 75 
72 75 60 62 
57 56 70 72 
92 93 50 51 
“80 79 89 88 
95 94 79 80 
68 70 87 85 
86 84 70 69 
53 53 86 90 
74 77 56 55 
73 71 81 81 
86 85 70 73 
83 83 91 92 
75 79 81 8] 
67 70 73 75 
86 87 63 63 
55 54 90 86 





No. of observations, 36; r= 0-987; P<0-001. 


The respiratory rate and temperature were taken and the 
chest auscultated preoperatively and every 4 h postoperatively 
for the first 48 h. Each patient was clinically graded using a 
system based on the system of Collins et al. (1968) and of 
Schlenker and Hubay (1973). Grade 1 was considered normal; 
grade 2, a few crepitations; grade 3, mild basal bronchitis 
and/or lobar collapse, as shown by diminished breath sounds 
with rhonchi and fine crepitations at the bases with slight 
temperature elevation; grade 4, moderate bronchitis with 
mucopurulent sputum and lobar collapse and/or segmental 
consolidation with elevation of temperature; grade 5, severe 
consolidation and/or lobar collapse with severe constitutional 
disturbance with elevation of temperature. 

The Po, was measured preoperatively and every 4h post- 
operatively for 48 h using arterialized'capillary blood. Following 
local vasodilatation the blood was collected from the earlobe 
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Fig. 1. Mean percentage decrease (--s.e. mean) from 
preoperative values of Po, (no. = 7) PEFR (no. = 4) 
following upper abdominal surgery. 


in a heparinized capillary tube. The sample was analysed 
within 5 min by one of the authors using a blood gas analyser. 
Each patient had two radial artery punctures, one pre- 
operatively and one postoperatively, simultaneous with 
capillary sampling. The results of capillary sampling and 
direct artery sampling were compared in 20 patients (36 
observations). There was a highly significant correlation (F= 
0:987; P<0-001) between Po, as measured by arterialized 
capillary sampling and direct arterial sampling (Table J). 

The peak expiratory flow rate (PEFR) was measured, using 
a calibrated pneumotachograph, preoperatively and every 
4h postoperatively for 48 h, and from PEFR the forced vital 
capacity (FVC), forced expiratory volume in 1s (FEV) and 
forced expiratory ratio (FER) were derived. Four patients in 
groups A, B and C and 2 patients in group D were studied by 
this method. 

Chest radiographs were taken preoperatively and on the 
second postoperative day. They were graded according to the 
following criteria: (a) clear, (6) minor lesions (linear or seg- 
mental collapse in one or both lung fields), (c) major lesions, 
signs of lobar collapse or of consolidation in one or both lung 
fields. 

Details of premedication, anaesthesia, use of muscle 
relaxants, artificial ventilation, blood loss and transfusion and 
the duration of operation were noted. Postoperative pain was 
controlled with Methadone 7-5 mg intramuscularly as required 
8-hourly unless contraindicated. Routine treatment for the 
prevention of atelectasis was given, consisting of physio- 
therapy and assisted coughing. Antibiotics were not used 
prophylactically in this study. 


. Results 


Group A 
Details of these 7 patients are shown in Table IL 
Duration of anaesthesia varied from 2} to 3} h. Fig. 1 
illustrates that the Po, fell during the first 4h post- 
operatively and this fall appeared to level off 8h 
postoperatively, remaining around this level for the 
next 40 h. The mean decrease in Po, from preopera- 
tive values ranged between 18 and 26 per cent from 
8 to 48h postoperatively. The maximum decrease 
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Fig. 2. Mean percentage decrease (--s.e. mean) from 
preoperative values of Po, (no. = 6) and PEFR (no. = 4) 
following lower abdominal surgery. 
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preoperative values of Po, (no. = 6) and PEFR (no. = 4) 
following non-abdominal surgery. 


in Po, varied from patient to patient and occurred on 
the first postoperative day in 3 patients and during 
the second day in the remaining patients. The relative 
decrease in Po, was similar in both young and old. 

The PEFR decreased immediately postoperatively, 
varying by 63-83 per cent from preoperative values 
in 4 patients. The mean decrease in PEFR varied be- 
tween 75 per cent at 8h and 63 per cent at 48 h. 
Fig. 1 illustrates the effect of upper abdominal surgery 
on the PEFR of 4 patients. 

Analysis of the influence of upper abdominal sur- 
gery on the FVC revealed that the FVC fell immedi- 
ately to 73 per cent of the preoperative value and re- 
mained significantly diminished in 4 patients at 48 h. 
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Table V: PULMONARY FUNCTION FOLLOWING SURGERY UNDER LOCAL ANAESTHETIC 


Hours 
postop, 


Clinical grade 


Radiology grade 


PEFR (l/min) 


Po, (kPa) 


2 days 


Hours postop, 


Respiratory 
history 


Case Age 


No, 


Hours postop. 


12 24 48 


postop. Preop. 


48 Preop. 


24 


4 
301 
36} 


12 24 36 48  Preop. 


4 


(yr) Sex 


Type and duration of operation Preop. 


ve P} em 


yi ed 


l 


289 306 
383 377 


305 
379 


Transurethral resection (} h) 


Skin graft (4 h) 
Papilloma excision (4 h) 


Light smoker 


M 
M 
F 


61 
73 
19 


19 
21 
29 
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The relative changes were similar to those found in 
the PEFR. 

No respiratory abnormality was observed clinically 
in the 7 patients of group A preoperatively. However, 
during the first 2 postoperative days, only 2 young 
females remained clinically unchanged. Two patients 
developed signs of atelectasis at 8 h and both of these 
produced mucopurulent sputum within 24h of sur- 
gery. From Table I it may be observed that the re- 
maining 3 patients all developed signs of atelectasis 
within 2 days of surgery. Crepitations were auscul- 
tated in the lung bases of Case 2 at 32 h, of Case 18 
at 20 h and of Case 24 at 16 h. The latter patient pro- 
duced mucopurulent sputum at 32h. The Po, and 
spirometry values had fallen before clinical signs were 
manifested, but nonetheless clinical changes were 
frequently observed within the first postoperative day. 

On the second postoperative day, of 6 patients 2 


showed major lesions on the chest radiograph and 2 


others showed minor changes. 


Group B 
Table III illustrates the important findings in these 7 


patients. Duration of anaesthesia varied from 1 to 


3 h. Six patients had their blood gases monitored and 
4 had spirometry. Ea | 

Fig. 2 shows that hypoxaemia following lower ab- 
dominal surgery occurred within the first 4h and 
that the hypoxaemia began to improve towards the 
end of the second postoperative day. The maximal 
fall in Po, from preoperative values was 18 per cent, 
occurring 16h postoperatively. 

Four hours after lower abdominal surgery the 
PEFR fell by a mean decrease of 48 per cent, There- 
after the PEFR improved progressively in all 4 
patients in this group, attaining a mean decrease of 
17 per cent 48 h postoperatively. 

The effect of lower abdominal surgery on the FVC 
was similar to its effect on PEFR. The greatest fall 
occurred immediately after operation and improved 
progessively every 4 h thereafter. 

Four of the patients in group B had no preoperative 
respiratory abnormality, and 3 of these developed 
signs of atelectasis within the first day. As in group A, 
clinical postoperative respiratory changes occurred 
following the objective changes in Po, and spiro- 
metry. Only one patient developed mucopurulent 
sputum and that patient had had preoperative basal 
collapse. Two patients developed signs of atelectasis 
within 8 h, but both these patients had some crepita- 
tions in the bases prior to surgery. In the remaining 
patient a few crepitations were auscultated on the 
second day, but at this time he was apyrexial. The 
changes following lower abdominal surgery were not 
as severe as those following upper abdominal surgery. 

On the second postoperative day one patient 
showed a major lesion on a chest radiograph. The 
other patients were unchanged. 


Group C 
The duration of anaesthesia varied from 4 to Ih. 
Details of this group are given in Table IV. 

Fig. 3 shows that the Po, fell within the first 8 h. 
All 6 patients showed a fall in Po., though the fall 
was not as large as in the previous two groups. The 
maximal mean decrease was 11 per cent, occurring at 
20 h. The mean fall in Po, varied between 6 and 1] 
per cent from 8h to 44h postoperatively, whereas 
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it was 2 per cent at 48h. Thus, after 48h the Po, 
tended to return to the preoperative figure. 

Two patients had minimal changes in PEFR after 
peripheral surgery. Fig. 3 shows that the PEFR had 
returned to the preoperative value at 48 h. 

Three of the 4 patients whose spirometry values 
were investigated following peripheral incisions had 
minimal changes in FVC postoperatively. However, 
the FVC of Case 13 fell by 41 per cent 4 h postopera- 
tively and was still reduced by 25 per cent at 48 h. 

Clinically, 3 patients showed no change. One re- 
vealed early atelectatic changes 8 h after surgery and 
another patient, a 60-year-old male smoker, became 
pyrexial and developed overt signs of atelectasis at 
12 h. The sixth patient showed slight disimprovement 
at 12h but improved rapidly to attain his preopera- 
tive state. 

On radiological examination none of the patients 
in this group showed evidence of deterioration. 


Group D 

Three patients were investigated at the same time 
intervals as the previous groups following surgery 
under local anaesthesia. The duration of operation 
was 4-?h. Table V shows the relevant details of the 
findings in these patients. It should be noted that 
there are no significant changes following surgery 
under local anaesthesia. 


Discussion 
In spite of Nunn’s observation (1969) that there 
appeared to be no alternative to arterial puncture 
and direct measurement of Po., the present investi- 
gation, using paired radial artery samples and arteria- 
lized capillary blood for Po, determination, showed a 
highly significant correlation between both methods. 
Gambino (1961) showed a similar correlation and 
Latimer et al. (1971), in their study of ventilatory 
patterns following upper abdominal surgery, used 
arterialized capillary blood. In the present study the 
patient was assessed objectively and subjectively for 
the first time at 4h after operation to avoid the 
influence of diffusion anoxia (Fink et al., 1954). 
Diament and Palmer (1966) investigated the effect 
of various surgical procedures upon arterial blood 
gas tensions, commencing on the first postoperative 
day to allow sufficient time for the effect of anaes- 
thesia to wear off whilst still avoiding the effects of 
respiratory infection which may develop later. The 
present authors were interested in the relationship 
between postoperative hypoxaemia and the clinical 
signs of atelectasis and bronchitis and therefore moni- 
tored patients every 4 h for 2 days. | 
Overfield and Powers (1972) assessed the signi- 
ficance of the arterial oxygen tension in the surgical 
patient and observed that surgical patients who have 
a Po, level of below 10 kPa had a mortality rate of 
39 per cent. A Po, level of 10 kPa for patients with 
chronic pulmonary disease is not very low by medical 
standards, Consequently, any fall in Po, in such 
patients may be of vital significance. The results of 
the present study correspond well with those of 
Diament and Palmer (1966), who observed the level 
of Po, preoperatively and on the first postoperative 
day in 180 patients. On the first day following upper 
abdominal procedures, they found a mean Po, level 
of 9-8 + 1-3 kPa, showing a decrease of 2:5 + 1-54 kPa, 
whereas in the present study a mean Po, level of 


9-2+1-6kPa, showing a decrease of 23+ 1-2 kPa, 
was observed. Following lower abdominal and aon- 
abdominal surgery, our observations also correspond 
well with those of Diament and Palmer. 

Our findings disagree with the results of Marshall 
and Millar (1965), who reported that operative proce- 
dures longer than 20 min were followed by an early 
gross fall in Po, on returning to air breathing, but 
preoperative levels were regained by the third hour 
postoperatively. Furthermore, Taylor et al. (1964) 
failed to observe hypoxaemia in 6 healthy females 
within 4 h of uterine curettage. The present investiga- 
tion has shown that postoperative hypoxaemia occurs 
within the first 4 h following upper abdominal, lower 
abdominal and non-abdominal operative procedures. 
Following upper abdominal surgery the Po, began 
to stabilize at 8 h, remaining at this lower level during 
the first 2 postoperative days. Similarly, following 
lower abdominal and non-abdominal surgery, the 
Po, began to stabilize at a lower level at 8h but the 
Po, tended to improve towards the end of the second 
postoperative day. However, Palmer et al. (1965) 
considered that early postoperative arterial hypox- 
aemia does not last beyond the day of operation and 
persistent hypoxaemia, when it occurs, is due to overt 
pulmonary collapse. 

The results of the present study do not agree with 
these findings. In fact, 2 young females, having under- 
gone cholecystectomy, and one 73-year-old female, 
having had limb surgery, developed postoperative 
hypoxaemia which was still present at the end of the 
second postoperative day, without developing overt 
clinical signs of atelectasis. 

Auscultatory evidence of atelectasis following ab- 
dominal procedures has been shown by Shibutami et 
al. (1968) to correlate well with the degree of atel- 
ectasis determined by Po, measurements. However, 
diffuse lobar collapse can occur despite normal radio- 
logical findings and in the absence of clinical findings 
(Shibutami et al., 1968). 

In the present study 4 or 6 patients who had radio- 
logical assessment following upper abdominal surgery 
and 1 of 6 patients who had radiological assessment 
following lower abdominal surgery showed deteri- 
oration. However, all the patients who had had a 
general anaesthetic developed some degree of hypox- 
aemia, illustrating that radiology represents a crude 
method of assessing postoperative pulmonary func- 
tion. Even bed rest has been shown to cause a rise 
in the alveolar-arterial Po, gradient, suggesting micro- 
atelectasis (Berggren, 1942). However, in the present 
study the 3 patients who had surgery without general 
anaesthesia did not develop hypoxaemia. 

Following surgery under general anaesthesia, the 
clinical signs of atelectasis (if they developed) occurred 
following the changes in Po, and spirometry. Spiro- 
metry values showed their maximum fall in the first 
4h postoperatively. The maximum percentage fall in 
PEFR and FVC was greater in the upper abdominal 
group than in the lower abdominal group and this 
in turn was greater than the fall in the non-abdominal 
group. As expected, the local anaesthetic group 
showed no fall in PEFR; the PEFR had returned to 
normal following non-abdominal surgery and was 
nearly back to normal following lower abdominal! 
surgery after 48 h. Following upper abdominal sur- 
gery, however, the PEFR was still well below the 
preoperative value at 48h and was showing little 


sign of recovery. This large decrease in ventilatory 
function after upper abdominal surgery is in agree- 
ment with the findings of Palmer and Gardiner (1964), 
Collins et al. (1968) and Latimer et al. (1971). 

The clinical lung changes observed in the present 
study confirm the findings of Palmer et al. (1965) and 
Wightman (1968), who observed that there was a 
high incidence of pulmonary complications following 
upper abdominal surgery and that bronchitis was 
frequently an exacerbation of pre-existing lung dis- 
ease. However, it was not possible to confirm Wight- 
man’s suggestion that atelectasis was not usually 
associated with pre-existing chronic respiratory dis- 
ease. 

The current investigation reveals that the earliest 
postoperative change indicative of atelectasis is the 
fall in Po,; that auscultatory changes do not always 
occur in the presence of postoperative hypoxaemia; 
that auscultatory signs are not indicative of the 
extent of the fall in Po,; and that the time of onset 
of the clinical signs does not appear to bear any 
relationship to the degree of hypoxaemia. However, 
a number of questions remain to be answered con- 
cerning the duration of postoperative hypoxaemia, 
the role of oxygen therapy following surgery and the 
necessity for adequate monitoring of blood gases 
postoperatively. Further studies are required to in- 
vestigate these problems. 
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Postoperative hypoxaemia and oxygen therapy 
P. S. PARFREY, P. J. HARTE, J. P. QUINLAN AND M. P. BRADY# 


SUMMARY 
To observe the duration of hypoxaemia 8 patients were 
monitored every day for the first 7 days following upper 
abdominal surgery. Three of these patients who had 
failed to regain their preoperative Po, value by the 
seventh postoperative day were further monitored on 
alternate days until the fourteenth postoperative day. 
A further 3 patients were similarly monitored on alter- 
nate days for 14 days. In another group of 10 patients 
blood gases were monitored every 4h for the first 48 h 
following major abdominal surgery, during which time 
the patients were given 35 per cent oxygen for the first 
24 h after operation. (All patients in this group had a 
diminished respiratory reserve preoperatively to a 
sufficient degree to warrant admission to the intensive 
therapy unit postoperatively, and these patients were 
treated with oxygen for 24 h, as is the practice in our 
unit and in other surgical units.) 

Oxygen was administered using a Ventimask at 
8 l/min (British Medical Journal, 1972), Nine of the 
10 patients did not show postoperative hypoxaemia 
while being treated with 35 per cent oxygen, although 
the Po, values attained were lower than expected. On 
withdrawal of oxygen after 24h, the Po, decreased 
below preoperative levels in all patients. The Po, of 7 
patients in this group decreased below 8 kPa during 
the second 24 postoperative hours, in 4 of whom the 
level fell below 67 kPa. Some recommendations to 
improve the respiratory care of the surgical patient are 
presented. 


DuRIinG the past two decades it has become recog- 
nized that arterial hypoxaemia frequently occurs 
during the postoperative period (Hewlett and Branth- 
waite, 1975). Postoperative hypoxaemia persists for 
several days (Palmer et al, 1965; Knudsen, 1970; 
Latimer et al., 1971). The present study investigated 
the development and fluctuation of postoperative 
hypoxaemia during the first 7 postoperative days by 
daily Po, measurements and monitored the recovery 
of preoperative Po, levels by alternate day Po, read- 
ings following upper abdominal surgery. 

In a companion paper (Parfrey et al., 1977) we 
have investigated the pulmonary changes in the early 
postoperative period following regional surgery and 
significant decreases in Po, were observed in certain 
patients. The efficiency and predictability of oxygen 
therapy in the correction of hypoxaemia following 
upper abdominal surgery have been discussed by 
Drummond (1975), who confirmed that oxygen de- 
saturation was relieved by breathing an oxygen- 
enriched mixture, but desaturation developed again 
when the oxygen was withdrawn. Very severe hypox- 
aemia will cause cyanosis, but this is a late and prob- 
ably a very dangerous sign of hypoxia (Lawrence, 
1971). Patients with a preoperative Po, level of less 
than 10 kPa have been shown by Overfield and Powers 
(1972) to have a very high surgical mortality rate. 
In addition, Friedman et al. (1976) have shown that 
diminished lung function is a significant coronary 
risk factor (even with the exclusion of other known 


risk factors). In view of these findings and the common 
practice of treating patients with oxygen for the first 
24 h following major surgery, it was decided to monitor 
the Po, of patients who had been routinely treated with 
35 per cent oxygen for the first 24 h after operation. 
The Po, of this group was monitored every 4 h for the 
first 48 h following major abdominal surgery. 


Patients and methods 

Blood gas analysis was performed in two groups of patients. In 
one group of 8 patients blood gases were measured every day 
for the first 7 days following upper abdominal! surgery. Only 
2 patients, one a young healthy female (Case 33) and the other 
an elderly male suffering from chronic bronchitis (Case 35), 
regained their preoperative Po, value within the first week. 
The former returned to her preoperative Po, on the fifth post- 
operative day and the latter did so on the sixth postoperative 
day. 

Six of the 8 patients in this group did not regain their 
preoperative Po, by the end of the first week. Three of these 
patients, Cases 37, 38 and 39, were followed on alternate days 
until the fourteenth postoperative day. Case 39 regained his 
preoperative Po, on day 8, Case 37 regained her preoperative 
Po, on day 14 and Case 38 failed to do so by the fourteenth 
postoperative day. 

Three further patients were monitored on alternate days 
for the first two postoperative weeks. The first was a 23-year- 
old female who was a heavy smoker and who had had a 
cholecystectomy. She returned to her preoperative Po, on day 
8. The second was a 47-year-old female, who was a heavy 
smoker with a past history of tuberculosis and who had had a 
highly selective vagotomy. She had hypoxaemia of 8 days’ 
duration. The third was a fit 52-year-old male who had had a 
partial gastrectomy (duration of operation, 2h) and whose 
hypoxaemia lasted for 14 days. 

Each patient completed a questionnaire based on the 
respiratory questionnaire of the Medical Research Council 
(1962) and relevant intra-operative and postoperative factors 
were noted. The Po, was measured using arterialized capillary 
blood, which accurately reflects the arterial Po, (Parfrey et al., 
1977). The arterialized capillary blood was collected from the 
earlobe following local vasodilatation. Local vasodilatation 
was effected by coating the earlobe with an arteriolar dilating 
cream (Finalgon). After 10 min hot gauzes were applied to the 
earlobe for 3-5 min. A dependent part of the lobe was pricked 
using a stylet and blood flowed rapidly into a heparinized 
capillary tube. The blood in two capillary tubes was analysed 
within 5 min by one of the authors using a pH blood gas 
analyser (IL Laboratories) which has separate Po, and Pco, 
electrodes. 

During the second postoperative day oxygen therapy was 
recommenced if Po, fell below 6-7 kPa. Subsequent readings 
were obtained by stopping oxygen therapy 30 min before 
sampling. . 


Results 


Duration of postoperative hypoxaemia 

Table I gives the details of patients who underwent 
upper abdominal surgery. Only | patient had a pre- 
operative Po, of 10kPa or lower, although 2 other 
patients had a preoperative Po, of below 10-7 kPa. 
However, half the patients had a postoperative Po, 
of less than 8 kPa on at least one occasion following 
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Table I: THE EFFECT OF UPPER ABDOMINAL SURGERY ON THE Po, DURING THE FIRST 7 


POSTOPERATIVE DAYS 


Po, (kPa) 


Case Age Type and duration of Days postoperatively 
No. (yr) Sex Respiratory history operation Preop. i 2 3 4 5 6 
2 48 M Biltary and duodenal 10 8-4 69 64 59 $l 8-1 8-3 


exploration (3 h) 


32 40 M Chronic sinusitis Highly selective 


vagotomy (2 h} 
Splenectomy (14h) 1 
Truncal vagotomy and 10-3 73 65 7: 

gastroenterostomy (1 h} 
Incisional hernia repair 10:1 73 67 6 


Severe bronchitis; 
heavy smoker” 

Mill worker; past 
hypoxaemia: (i h) 
pneumonia 

22°, underweight; 
heavy smoker 


Severe bronchitis; 
frequent chest 
colds 


Laparotomy (1? h) 


Cholecystectomy (2 h} 11-6 Iœ 
Gastrectomy (2 h) 5 8- 


12-5 96 935 10 99 99 101 Q 





* Heavy smoker defined as one who smokes more than 10 cigarettes a day. 


Table H: THE EFFECT OF 35 PER CENT OXYGEN GIVEN FOR THE FIRST 24 POSTOPERATIVE HOURS 
ON THE HYPOXAEMIA WHICH FOLLOWS ABDOMINAL SURGERY DURING THE FIRST 48 


POSTOPERATIVE HOURS 


Po, (kPa) postoperatively 


Case Age On O, (h) OF O, (b) 
No. (yr) Sex Respiratory history Type and duration of operation Preop. 4 12 24 36 48 
6 56 M 26% underweight: severe Aorto-iliac bypass graft (32 h) 1-2 129 147 121 57 6°8 
bronchitis; heavy smoker* 
i2 55 M Mild bronchitis; heavy smoker IHiofemoral endarterectomy (34 h) 89 119 11-6 132 67 7:2 
14 75. M Severe bronchitis; frequent Uretosigmoidostomy (24 h) 10 16-4 172 12 8 8:3 
chest colds; ight smoker 
15 47 F Mild bronchitis; heavy smoker Revision vagotomy and Polya 96 167 127 H6 614 6-8 
gastrectomy (2 h) 
16 52 M 31% underweight; mild bron- Exploratory laparotomy (24 b) 117 92 18 164 99 10-7 
chitis: heavy smoker 
17 59 F Heavy smoker Aorto-iliac endarterectomy; 9-6 12-4 129 123 Fd 72 
bilateral lumbar sympathec- 
tomy; cholecystectomy; 2nd, 
3rd toe amputation (4 h) 
23 58 M Light smoker; myocardial Partial gastrectomy and gastro- 10-3 17-1 167 64 G1 8-9 
5 years preop. jejunostomy (24 h) 
25 53. F Past hypoxaemia; postop. Resection of hepatic colon (2h) 108 172 16 164 95 107 
pulmonary infection 
34 53. M = Mild bronchitis; frequent chest Aorto-iliac bypass graft with 109 17:3 153 145 76 6l 
colds; heavy smoker endarterectomy (4 h) 
35 72 M Severe bronchitis; heavy Truncal vagotomy (1 h) 103 107 9%] 93 65 67 


smoker; past hypoxaemia: 
pneumonia 





* Heavy smoker defined as one who smokes more than 10 cigarettes a day; light smoker, one who smokes less than 10 a day. 


surgery. Fig. 1 shows that the mean percentage de- 
crease in Po, following upper abdominal surgery was 
greatest during the second and third postoperative 
day, remained greater than 20 per cent for the first 4 
days and tended to return to peroperative values to- 
wards the end of the first week. In fact, the mean 
percentage decrease on the third postoperative day 
was 252-6 and was 13+3-9 on the seventh post- 
operative day. 


The effect of oxygen therapy on postoperative hypox- 
aemia 

All 10 pateints in this group underwent major abdo- 
minal surgery, requiring oxygen therapy during the 
first postoperative day. Details of these patients are 
given in Table II. The respiratory history of all 10 
patients revealed symptoms which predisposed to 
diminished pulmonary reserve. The preoperative Po, 


of all patients was less than 12 kPa, 4 of whom had 
a preoperative Po, of 10 kPa or less. Thirty-five per 
cent oxygen maintained the Po, above preoperative 
values during the first 24 postoperative hours in all 
but one patient (Case 35). However, the Po, values 


attained were lower than would be expected in the- 


presence of normal pulmonary physiology. During 
oxygen therapy 2 patients (Cases 12 and 16) developed 
mild CO, retention, but the Pco, never exceeded 
8 kPa. On withdrawal of 35 per cent oxygen during 
the second 24 postoperative hours, the Po, of 7 
patients fell to 8 kPa or less, and it fell below 67 kPa 
in 4 of these patients. 

Fig. 2 illustrates the mean percentage change of 
Po, from preoperative values during and after the 
period of oxygen therapy. The mean percentage 
decrease of Po, during the second 24 postoperative 
hours varied between 20 and 25 per cent. 
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Fig. 1. The mean percentage decrease (--s.e. mean) in Po, 
from preoperative values during the first 7 days following 
upper abdominal surgery (8 patients). 
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Fig. 2. The mean percentage increase (--s.e. mean) in Po, 
from preoperative values in 10 patients treated with 35 per 
cent oxygen during the first 24 h following major abdominal 
surgery, and the mean percentage decrease in Po, during 
the second 24 h following withdrawal of oxygen. 


Discussion 

Overfield and Powers (1972), taking an arbitrary cut- 
off point, observed that surgical patients who have a 
Po, of below 10 kPa had a mortality rate of 39 per 
cent. A Po, of 10 kPa for patients with chronic pul- 
monary disease is not uncommon by medical stan- 
dards. In fact 6 of the 20 patients in the present study 





had a preoperative Po, of 10 kPa or lower. The pre- 
sent study revealed that the mean decrease in- Po, 
following upper abdominal! procedures was greater 
than 20 per cent for the first 4 days and tended to 
return to preoperative levels towards the end of the 
first postoperative week, though remaining 13 per 
cent below preoperative values. 

Gardiner and McGregor (1964) monitored Po, 
daily for the first 5 days after partial gastrectomy, 
and the mean decrease they observed on the fourth 
postoperative day was just under 20 per cent. Latimer 
et al. (1971) noted that their patients had slight 
oxygen desaturation on the day of operation and 
this condition persisted throughout the 7-day study 
period. The duration of postoperative hypoxaemia 
was studied by Knudsen (1970), who followed 8 
patients with three to five measurements of Po, during 
the first 2 weeks after upper abdominal operations. 
The study showed that with an abdominal incision 
the lowest Po, values were found on the third day 
after operation and that 10-15 days after operation 
the abdominal cases (on average) had regained their 
preoperative Po,. Only one of the 8 patients in the 
present study who were monitored until the Po, re- 
turned to its preoperative value failed to regain this 
value by the fourteenth postoperative day. Two 
patients had done so by the sixth postoperative day, 
2 by the eighth day and the remaining 2 by the four- 
teenth day. 

Oxygen-enriched mixtures may correct postopera- 
tive hypoxaemia (Conway and Payne, 1963; Palmer 
et al, 1965; Drummond, 1975). Previous recom- 
mendations on oxygen therapy have suggested that a 
Po, of below 8 kPa is undesirable and have advocated 
inspired oxygen concentrations in the range of 30-40 
per cent for patients recovering from operations (Scot- 
tish Home and Health Department, 1969; Editorial, 
1971). Drummond (1975) showed that 35 per cent 
oxygen was sufficient for the majority of patients after 
surgery, but that it was possible that old or severely 
hypoxic patients might require higher concentrations 
since these patients showed the least response. 

In the present series one patient, an elderly male 
suffering from chronic bronchitis, was unable to 
correct his postoperative hypoxaemia with 35 per 
cent oxygen. On withdrawal of oxygen his Po, fell to 
below 67 kPa. However, it is important to note that 
on withdrawal of oxygen from 3 other patients, who 
had corrected their postoperative hypoxaemia with 
35 per cent oxygen, the Po, also fell to below 67 kPa 
at some time during the second postoperative day, 
and that in 3 other patients the Po, had fallen below 
8 kPa on withdrawal of oxygen. The severe hypox- 
aemic levels to which the Po, fell on withdrawal of 
oxygen, the maintenance of a mean decrease in Po, 
of around 20 per cent for the first 4-5 postoperative 
days and the occasional delay in returning to pre- 
operative values, suggest that oxygen therapy may 
be under-utilized by surgeons. The necessity for early 
mobilization may be more important than oxygen 
therapy, but the present study suggests that when 
oxygen therapy is indicated during the first post- 
operative day it is illogical to stop it after 24 h unless 
cessation is accompanied by serial observation of 
Po, levels. 

Studies on a small group of patients in a shock unit 
who had a low Po, level and received continuous in- 
tense respiratory care have shown a mortality of only 


8 per cent (Powers et al, 1970). In addition, while 
treating postoperative hypoxaemia due attention must 
be paid not merely to the production of seemingly 
adequate levels of arterial oxygen tension, but also 
to the maintenance or restoration of adequate levels 
of both haemoglobin and cardiac output. 

The present authors support a number of recom- 
mendations which would improve respiratory care 
in the surgical unit. 

1. The most important preoperative test of respira- 
tory function is measurement of arterial blood gases. 
While ventilation function tests and radiology may 
be good screening tests in preoperative assessment 
they fail to distinguish those patients who are likely 
to require ventilatory support after operation (Mil- 
ledge and Nunn, 1975). 

2. The most important postoperative test of respi- 
ratory function is measurement of arterial blood gases. 
The Po, of a surgical patient should be maintained 
above 8 kPa at all times (Alkalay, 1971). If the Po, 
is allowed to fall below this level, even a small addi- 
tional decrease in Po, may produce a marked decrease 
in oxygen saturation. In addition to this, other factors 
may be present in a postoperative patient which would 
compound matters by producing a shift in the oxygen 
association-dissociation curve. 

3. Blood gases should be measured within 8h of 
surgery and again daily for the first 3 postoperative 
days in certain selected patients, especially those 
having undergone upper abdominal or thoracic sur- 
gery, in patients with symptoms or signs of respira- 
tory or cardiovascular disease and in patients with a 
preoperative Po, of less than 10-7 kPa. 

4. Serial blood gas studies should be performed 
during and following withdrawal of oxygen therapy 
to determine whether adequate Po, levels are being 
maintained and to detect elevations in PCos. 

5. Oxygen therapy, when indicated in the early 
postoperative period, is often necessary for more than 
24 h after surgery. 

6. Arterialized capillary blood, when carefully col- 
lected, gives as accurate results as arterial blood for 
blood gas analysis. In view of the recommendations 
for more frequent blood gas analysis in the surgical 
patient, hospitals should have facilities for collection 
and measurement of blood gases using arterialized 
capillary blood. 
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A prospective trial of prophylactic antibiotics 


in hand lacerations 
A. H. N. ROBERTS AND P. J. TEDDY * 


SUMMARY : 
A series of 368 patients with hand lacerations which 


required suturing were randomly allocated to one of 


three treatment groups. The incidence of infected and 
of imperfectly healed wounds was noted 7 days after 
suturing, As well as the influence of antibiotics on 
healing, sixteen other factors which it was considered 
might affect healing were analysed. 

The overall infection rate was 9-8 per cent, and there 
was no significant difference between the three groups. 
The imperfect healing rate (which includes the infected 
cases) was 246 per cent. There was a lower rate 
(P<0-05) of imperfect healing in the Triplopen group 
(15 per cent) than in either the flucloxacillin group 
(29-5 per cent) or the group who received no antibiotics 
(29-0 per cent). 

Other factors associated with imperfect healing 
found to be significant at the 1 per cent level, were 
wound contamination, pain and the presence of a wet 
or changed dressing at the second examination. 


Minor hand lacerations are frequently seen in a 
casualty department, and not uncommonly become 
infected after being sutured. Although prophylactic 
antibiotics (especially intramuscular penicillin) are 
frequently administered in such cases, the justification 
for this is difficult to find in the literature. 
Prophylactic systemic antibiotics have been 
condemned, both because of their ineffectiveness 
(Anderson, 1958; Johnstone, 1963; Committee on 
Trauma, 1964) and because of the increase of resistant 
organisms that they might cause (Leading Article, 
1970). Recent work, however, has shown their value 
in both abdominal (Polk and Lopez-Mayor, 1969) and 
orthopaedic (Pavel et al., 1974) surgery. In hand 
lacerations, Wood (1971), in a controlled trial of 
dressing of sutured wounds, analysed other factors 
which might lead to infection. He found a decreased 
infection rate (8 per cent against 28 per cent) in 
patients given Triplopen intramuscularly, even though 
the antibiotic was given at the discretion of the 
casualty officer, presumably to those with more 
severe or more contaminated wounds. Since the 
present trial was started, Day (1975) has published 
the results of 160 patients allocated to penicillin, 
tetracycline or a control group. He found that infec- 
tion in the antibiotic groups (23 per cent) was greater 
than that in the control group (7 per cent) (P< 0-01). 


Patients and methods 
All patients with hand or finger lacerations who attended the 
Accident Service during a 6-month period were admitted to 
the trial unless: (a) there was nerve or tendon involvement; (4) 
there was a fracture present which required fixation; (c) the 
patient was allergic to penicillin; (d) the wound was not 
suitable for primary closure; (e) the patient lived outside the 
local area. 

Each patient was randomly allocated to one of three groups: 

1. Triplopen.f In adults one vial of Triplopen was given 
intramuscularly immediately after suturing. The dose in 
children between 2 and 10 years old was half a vial, and if less 
than 2 years old one-quarter of a vial. 


2. Flucloxacillin. This was given orally four times a day for 
7 days, at a dose of 1 g/24h for adults and 0-5 g/24h for 
children under 5 years old. 

3. Control. No antibiotics were given. 

Triplopen was selected as it was thought to be the most 
commonly used antibiotic in casualty departments. Flucloxa- 
cillin was selected on the advice of the consultant bacteriologist 
as the drug found to have been most active against the 
organisms which had been found in infected lacerations in our 
unit, 


Table I: RESULTS IN THREE TREATMENT GROUPS 


Triplopen Flucloxacillin No antibiotic 
No, of patients 108 17 113 
Did not return 8 {2 13 
Results analysed 100 105 100 
Infected 8 (8-0) 10 (9-5) 12 (12-0) 
Imperfect healing 15 (15-0) 31 (29-5) 29 (29-0) 


Figures in brackets are percentages. 


Table H: THE MICRO-ORGANISMS GROWN FROM 
INFECTED AND IMPERFECTLY HEALED WOUNDS 


Flucloxa- No 
Micro-organisms Triplopen cillin antibiotic 

Staphylococcus aureus 6 (1) 5 11 
Faecal streptococci spp. Q 1d) 0 
Staphylococcus albus 0 0 2 
Klebsiella aerogenes 0 0 2 
Other 0 0 I 
No growth 3 3 3 





Figures in brackets are the number of cultures which were 
sensitive to the drug being administered. 


First attendance 

At the first attendance sex, age, hand dominance, history of 
injury, the size, type and position of the laceration were noted 
on a special pro forma. Patients not falling within the criteria 
of the trial were eliminated at this stage. The wound was then 
sutured and the following additional information was noted: 
person suturing and whether medical officer, medical student 
or medical orderly trainee; place of suturing and whether open 
or closed cubicle or operating theatre; time from accident to 
suture; details of operation. 

The wound was cleaned with aqueous chlorhexidine (0-5 per 
cent) and cetrimide (0-5 per cent). An anaesthetic, either 2 per 
cent lignocaine (Xylocaine) or a general anaesthetic, was 
administered. Surgical gloves were not worn. No subcutaneous 
or muscle sutures were used in 298 cases. In 7 cases catgut or 
Dexon was used. In 291 cases 4/0 black silk sutures were used. 
The remainder were sutured with a variety of other sizes of 
siik or with nylon sutures. The edges of the wound were 
excised when necessary. Dressing was with Metolin and crépe 
bandage for the hand, and with Melolin and Tubegauze for the 
fingers. Neither a sling nor plaster-of-Paris was used, 

if the patient had had no previous immunization against 
tetanus, then the first dose (0-5 mD of a course of toxoid was 


* The Accident Service, Radcliffe Infirmary, Oxford. 
Present address of A. H. N. Roberts, Birmingham Accident 
Hospital, Bath Row, Birmingham. 

Present address of P. J. Teddy, Southmead Hospital, Bristol. 
+ Triplopen (Glaxo Ltd). Each vial contains benethamine 
penicillin 475 mg (500 00i.u.), procaine penicillin 250 mg 
(250 000 Lu.) and benzyl penicillin 300 mg (500 000 i.u.). 


Table HI: THE EFFECT OF SIXTEEN FACTORS ON 


HEALING 
Factor 
Age (yr) 
Place injured 
Work 


Home 
Other 


Dominant hand injured 
Non-dominant hand injured 


Length of cut (cm) 


Type of cut 
Sharp 
Tattered 
Crushed 


Wood contamination 
Clean 
Slight 
Severe 


Time between injury 
and suturing {h} 


Place of suturing 
Open cubicle 
Closed cubicle 
Theatre 


Anaesthetic 
Infiltration (hands) 
Ring block (fingers) 
General 


Tetanus toxoid 
Given 
Not given 


Surgeon 
Doctor 
Medical student 


No. of sutures 


Initial pain 
None 
Some 


Recurrent paint 
None 
Some 


Days off work 
None 
Some 


Wound dressing 
None 
Wet 
Changed 


30-4* 


140 
113 

52 
151 
139 


1-95 


167 
71 
67 


168 
106 
27 


2-6* 


122 
145 
23 


160 
120 
it 


242 
63 


224 
62 


4-9* 


148 
1067 


284 
21t 


236 
37$ 


38 
13 
58 


Infected Imperfect 

29-8* 33-8* 

21 (15-0) 39 (27-9) 
6 (5-3) 24 (21-2) 
4 (7-7) 11 Q1-1) 

16 (10-6) 41 (27-2)* 
9 (6°5) 22 (15-8) 

* P imperfect <0-05 

2-22 2-54* 

15 (9-0) 37 (22-2) 
10 (14-1) 19 (26-8) 
5 (7-5) 16 (23-9) 
12 (7-1) 35 (20-8) 
9 (8-5) 20 (18-9) 
6 (22-2) 15 (55-6)P 


b P infected <0-05 
P imperfect <0-001 


F7” 


12 (9-8) 
15 (10-3) 
3 (13-0) 


13 (9-4) 
14 (11-7) 
2 (18-2) 


23 (9-5) 
7 GLI) 


18 (8-0) 
9 (14-5) 


4-3% 


10 (6-8) 
21 (19-8)° 


293" 


33 (27-0) 
29 (20-9) 
8 (34:8) 


32 (20-0) 
39 (32-5) 
3 (27-3) 


60 (27-3) 
14 (22-2) 


47 (21-0) 
17 (27-4) 


4-3* 


21 (14-2) 
34 (32-1)° 


© P infected <0-01 
P imperfect < 0-01 


23 (8-1) 
8 38-1)4 


60 (21-1) 
14 (67-8)4 


d P infected <0-001 
P imperfect <0-001 


21 (8-9) 
6 (16-2) 


1 (2-6) 
6 (46°2)° 
5 (8:6) 


53 (22-5) 
12 32-4) 


8 (21-1) 
9 (69-2) 
18 (31-0)f 


© P infected < 0-001 
P imperfect <.0-001 
f P imperfect <0-001 





Statistical analysis was carried out on all results, either by 
comparing two situations where possible or, if more than 
two possibilities were available, then each possibility was 
compared with the average infected and imperfect healing 
rates. The methods were y? analysis (with Yates’ correction) 
or Student’s f test as appropriate. The results are only 
tabulated if the probability factor was less than 0-01, and the 
last two columns contain these probabilities for the infected 
and imperfectedly healed wounds respectively. Figures in 


brackets are percentages. 
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Table IVY: THE EFFECT OF THE AGE OF THE 
PATIENT ON HEALING 


Age 0-9 10-19 20--29 30-39 
No. 23 62 69 50 
Infected 6 (26) 6 (9-7) 10 (14-5) 3 (6:0) 
Imperfect 11 (48) 13 21) 22 (32) 9 (18) 
Age 40-49 50--59 60-69 70+ 
No. 33 18 10 5 
Infected 2 (671) 1 (5-6) 2 (20) 1 (20) 
Imperfect 5 (15) 7 (39) 5 (50) 3 (60) 


Figures in brackets are percentages. 


Table V: THE EFFECT OF THE PERSON SUTURING. 
ON HEALING 


Person suturing Total Infected 
Senior house officer 
1 28 1 (3-6) 7 
2 49 3 (6-1) 9 (18-4) > | 
3 37 6 (16-2) 6 (16-2) 
4 59 3 (5-1) 12 (20-3) 
5 29 6 (20-7) 9 (31-0) © 
6 20 0 2 (100) 
Registrar 2 0 1 (50-0) 
Medical student 
First year 32 4 (12:5) 10 (29-4) 
Third year 30 4 (13-3) 6 (20-0) 
Medical orderly trainee 7 1 (14-2) 


104) : 


Figures in brackets are percentages. 


Table VI: THE EFFECT OF THE TIME ELAPSING 
BETWEEN INJURY AND SUTURING ON HEALING 


<ihr 1-2 hr 2-4 hr 4-6 hr 
No. 60 87 59 24 
Infected 3 (5) 6 (7) 10 (17) 2 (8) 
Imperfect 13 (22) 12 (29) 22 G7) 6 (25) 

6-12 hr 12-24 hr > 24 hr 

No. 10 5 3 
Infected 1 (10) 0 1 (33) 
Imperfect 2 (20) 1 (20) 1 (33) 


Figures in brackets are percentages. 


given intramuscularly. If the patient had previously had a fall 
course of prophylaxis but no booster within the past year, 
then a single dose (0-5 ml) of toxoid was given. 


Second attendance | 

All patients were asked to return 7 days after suturing. At this 
time the patient was asked about time off work, duration of 
initial pain, and whether it had recurred, and, for those in the 
fluctoxacillin group, the number of doses of antibiotic taken. 
The condition of the dressing (if still present) was assessed and 
the condition of the wound noted. If inflammation or pus was 
present then a bacteriological swab was taken for culture and 
sensitivity determination. If the casualty officer thought that it 
was appropriate, the sutures were then removed. 

The definition of infection used was that of Ljungquist 
(1964): ‘A clear collection of pus, which empties itself spon- 
taneously, or after incision.’ A second feature, imperfect 
healing, was also noted. This included both those with frank 
infection and also those with erythema, tenderness, wound 
dampness, oedema and failure of healing of part or the whole of 
the wound after removal of the sutures. No suture abscesses 
a eee errr teen eee re 
* Mean figure. 

+ Mean duration 2°8 d. 
t Mean duration 5 d. 
§ Mean duration 43 d. 


Imperfect 
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were found but if they had been present they would have been 
classed as infection. 


A dry swab was taken from infected and imperfectly healed 
wounds and inoculated within 2h on to blood agar and 
MacConkey agar and into cooked meat broth, all of which 
were incubated overnight at 37 °C. The cooked meat broth 
was then subcultured on to blood agar. All the blood agar 
plates were incubated both aerobically and anaerobically and 
the MacConkey agar plate was incubated aerobically. 


Results 

In all, 368 patients were treated. Of these 33 (9-0 per 
cent) did not return for removal of sutures. In 30 
cases (8-2 per cent) the notes were incomplete or mis- 
laid. The results for the three treatment groups are 
shown in Table I. A x? analysis was done on these 
results and showed no significant difference in 
infection rate between the three groups (P > 0-3), but 
the Triplopen-treated group healed better (P< 0-05) 
than either of the other groups. An analysis of the 
organisms grown from the infected and inflamed 
wounds is shown in Table II. 

Sixteen other factors which it was considered 
might influence wound healing were analysed. The 
results are summarized in Table HI, and the results 
of the effects of age, person suturing and the time 
from the injury to being sutured are shown in more 
detail in Tables IV-VI. 

The factors which were significant (P< 0-01) in the 
infected wounds were pain, both following suturing 
and recurrent, and the presence of a wet dressing at 
the second examination. In the imperfectly healed 
wounds, as well as the previously mentioned factors, 
severe contamination of the original wound and a 
change of dressing carried out at home were also found 
to be significant compared to the controls. 

There was no significant difference between the 
person or people suturing and the average infection 
rate, but there were significant differences between the 
best and the worst results. Neither the patients’ age, 
the time from injury to suturing, the number of sutures, 
nor the length of the laceration made a significant 
difference to the incidence of perfect healing. 


Discussion 

The overall infection rate of 9-8 per cent, although 
lower than other published work on similar cases, is 
still high. Our results show that a course of flucloxa- 
cillin gave no improvement in wound healing over a 
policy of using no antibiotic. Triplopen, however, was 
associated with an increased chance of perfect healing, 
but in our series of 305 cases did not significantly 
affect the infection rate. In view of both the theoretical 
disadvantages of prophylactic antibiotics and the 
pain of the injection (especially in children), its use 
would not seem justified, with the possible exception 





of those patients who had never received tetanus 
prophylaxis. It is perhaps to be expected that the 
more severely contaminated wounds are likely to 
heal less well, but the association reinforces the need 
of adequate wound cleansing and toilet. The other 
factors found to be important suggest that some 
improvements can be made. 

1. The two casualty officers whose patients showed 
a higher rate of wound infection had at the time of 
the study less surgical experience than their colleagues. 
We would suggest that all new casualty officers 
receive instruction in basic techniques from a con- 
sultant or a registrar. Patients sutured by medical 
students also had a higher incidence of sepsis. As the 
students were both supervised and given the simpler 
cases, this again indicates the importance of both 
technique and practice. 

2. The patient should be told at the first visit that, 
if the pain returns in the succeeding days, he should 
report for the wound to be inspected, so that any new 
treatment considered necessary could be started. 

3. The patient should be told to keep the dressing 
dry, and that if the dressing needs changing, this 
should be done at the casualty department, at his 
work surgery or by his general practitioner. 

The other perhaps surprising fact about the study 
was that 58 per cent of the patients, even on direct 
questioning, said they had experienced no pain at all 
when the anaesthetic had worn off. 
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Crush syndrome: a report of 2 cases anda 


review of the literature 
A. A. BROWN AND R. J. NICHOLLS* 


SUMMARY 

The crush syndrome was first defined as a clinical entity 
in 1941. This paper reports 2 patients suffering from 
the syndrome as a result of being trapped for several 
hours during the Moorgate tube train disaster. An 
account of the initial course, management and compli- 
cations is presented and discussed with reference to 
the available literature on the subject. 


Ear.iest descriptions of the crush syndrome followed 
the Sicilian earthquake of 1908 (Colmers, 1909) and 
there are some reports of a similar nature in the Ger- 
man literature of World War I (Frankenthal, 1916). 
The syndrome was first defined as a clinical entity in 
1941 in air-raid casualties in London during World 
War II (Bywaters and Beall, 1941; Mayon-White and 
Solandt, 1941; Bywaters, 1944). The condition was 
described as a compressing injury of several hours’ 
duration, most frequently of a limb, followed by 
hypotension and the development of acute renal 
failure. Dark brown or granular casts were seen in 
the urine and at post-mortem examination the renal 
tubules contained a brown pigment and showed de- 
generative changes. Although the outlook was poor 
with a mortality of about 66 per cent (Bywaters, 1944; 
Corcoran and Page, 1947), reports of renal recovery 
were recorded at that time (Maitland, 1941). This 
paper describes 2 patients suffering from this syn- 
drome, both of whom had been trapped during the 
Moorgate tube train disaster (Medical Staff of 3 
London Hospitals, 1975). l 


Case reports 

An accourt of the initial course and management of these 2 
cases is presented. The complications are considered under the 
headings renal, chest, infective, haematological, neurological 
and musculoskeletal. 

Case 1: Mr G. B. (age 26) was rescued having had both legs 
trapped and compressed for 13 h. 

On admission, his blood pressure was 80/60 and pulse rate 
120. There was no head, chest or abdominal injury. Both legs 
were swollen and bruised but there were no lacerations. All 
pedal pulses were easily palpable. The shaft of the right femur 
was fractured. There was sensory loss below both knees and 
weakness of power in both legs, especially in the ankle joints 
and toes. 

The serum potassium level immediately on arrival was 
63 mmol/l. He was catheterized and 100 mi of dark urine 
were obtained. This contained blood but no casts. 

He was resuscitated with normal saline. Mannitol (100 mi 
20 per cent) was given and subcutaneous insulin and dextrose 
were used to reduce the serum potassium. The possibility of the 
crush syndrome was considered. 

The following day the serum potassium remained high and 
peritoneal dialysis was started. The blood pressure had been 
restored from 80/60 on admission to 130/90 within 2h and 
during the first 24 h the urine output was quite satisfactory at 
750 mi. During the first 12 h after admission the legs became 
increasingly swollen and the pedal pulses disappeared. 
Bilateral fasciotomies of the muscle compartments below both 
knees were performed 15h after admission. At this stage he 
was given high doses of benzyl penicillin. 

The patient died 26 days after admission. During this time 
the chief problem was infection, both in the chest and in the 


legs. Ventilation was necessary after the seventh day. Several 
débridements of necrotic leg muscle were carried out, but 
amputation was not performed. Renal function showed signs 
of recovery before his death. 


Renal lesion 

The urine output during the first 24 h was above 700 ml, but it 
fell gradually to below 20 ml/24 h by the sixth day. This was 
accompanied by a rise in the serum creatinine and a fall in the 
creatinine clearance. Myoglobin was found in the urine up 
to the eighth day. During the period of profound oliguria 
the urine urea concentration was 50 mmol/l compared with 
2800 mmol/l on admission and 3800 mmol/l on the twelfth day. 
After about 10 days, renal function showed signs of recovery, 
suggesting that the renal lesion might have resolved. The 
potassium was satisfactorily controlled by dialysis, but urine 
potassium concentrations were persistently high. The blood 
urea on admission was 38 mmol/l and had risen to 71 mmol/l 
by the next day. Over the next 2 weeks it showed a gradual rise 
despite dialysis to a peak of 242 mmol/l on the twelfth day. 
Thereafter, it began to decline. The low urine output on the 
eighteenth day appeared to follow a hypotensive episode due 
to bleeding and perhaps general anaesthesia. 


Chest complications 

Within 2 days of admission he developed respiratory failure. 
The sputum cultured Staphylococcus aureus and Haemophilus 
influenzae on the second day. A day later, the Po, had fallen to 
31 mmHg and from then on he required added oxygen and on 
the seventh day, positive pressure ventilation. From about the 
seventh day the sputum cultured proteus and pseudomonas. 
The profound fall in Po, with only a slight rise in the Pco, 
suggested intrapulmonary shunting possibly due to fat 
embolism. However, there was no petechial rash and no 
associated fall in cerebral function at this stage. On the 
eleventh day the patient developed pulmonary oedema and 
positive end expiratory pressure was used intermittently there- 
after. On the fourteenth day a tracheostomy was performed. 
The sputum remained infected until his death and there was 
no marked improvement in the respiratory failure. In summary, 
the chest complications were bronchopneumonia (proteus and 
pseudomonas), pulmonary oedema and possibly fat embolism. 


Infection | 

In addition to his chest infection, the leg wounds became 
infected. On the fifth day wound swabs cultured coliform and 
aerobic spore-bearing organisms. Infection of the wounds with 
proteus and pseudomonas was subsequent to the appearance 
of these organisms in the sputum. Until the patient’s death the 
wounds consistently cultured these organisms, and on one- 
occasion Clostridium welchii was found. 

Blood cultures remained negative until the day before 
death when Gram-negative rods were isolated. The dialysate 
fluid, urine and intravenous cannula site were consistently 
sterile. Numerous antibiotics were given, including penicillin, 
ampicillin, gentamicin, cloxacillin, lincomycin, septrin and 
tobramycin. Wound débridement was carried out on three 
occasions but amputation was not performed. 


Bleeding 

The fasciotomy wounds bled postoperatively and secondary 
haemorrhage occurred a number of times before death. The - 
haemoglobin remained persistently low and by 2 weeks the 
platelet count had fallen below 30 000 to a level of 10 000 on 


* A. A. Brown, St Bartholomew's Hospital, London; R. J. 
Nicholls, The London Hospital, London. 
Correspondence to R. J. Nicholls. 
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the twelfth day. A bone marrow specimen showed megalo- 
blastic changes. This was considered likely to be due to folate 
deficiency. The patient required numerous units of blood for 
haemorrhage and of platelet-rich preparations for the thrombo- 
cytopaenia. The platelet count was restored to normal following 
intravenous folate. 


Neurological 

Initially the patient was very anxious and required chlor- 
promazine and diazepam. While being ventilated, curare was 
added to phenoperidine on occasions, since he did not 
tolerate the machine well. During the last few days of life he 
became unrousable and an electroencephalogram performed 
the day before death showed very little cerebral activity. The 
neurological signs in his legs did not improve. 


Post-mortem 

The kidneys were swollen and showed tubular necrosis with 
red cells and free haem pigment in the lumen. There was no 
evidence of cortical necrosis. Patchy bilateral basal broncho- 
pneumonia was found in both lungs, but there was no collapse 
or haemorrhage. Necrosis of muscle was seen in the right thigh 
and both lower legs, especially in the extensor compartments. 
There was considerable muscle necrosis beneath the fasciotomy 
wounds. The liver was enlarged and oedematous. There were 
scattered subcapsular haemorrhages. On microscopy numerous 
areas of patchy necrosis were seen. Other organs were normal. 


Case 2: Mrs J. S. {age 23) was trapped for 64 h by a seat which 
had compressed both legs at groin level, the right more 
severely than the left. 

On admission her blood pressure was 130/80 and pulse rate 
132/min. There was no evidence of head, chest, abdominal or 
upper limb injury. Both legs were bright pink in colour and 
swollen, particularly the right. All lower limb peripheral 
pulses were palpable and equal. There was no voluntary 
movement on either side and sensation was absent in the right 
leg. X-rays showed an undisplaced fracture of the left lateral 
malleolus but no other bone injury. 

The serum potassium level on arrival was 8-8 mmol/l; other 
electrolyte levels were normal. The haemoglobin was 13-2 g/dl 
and the white cell count was 26-6 x 10/1. Blood gases were 
normal. The bladder was catheterized and 200 ml of dark urine 
were obtained, An electrocardiogram showed high T waves. 
The central venous pressure was —2 cmH,O. 

She was given intravenous fluids and blood monitored by 
central venous pressure estimations. Insulin and = glucose 
together with peritoneal dialysis were used immediately to 
lower the serum potassium level and frusemide 250 mg and 
mannitol 100 mi 20 were given intravenously. Anterior and 
posterior fasciotomies of thigh and calf were performed on the 
day of admission. 

For the next 8 weeks renal failure and infection of the 
fasciotomy sites were the main problems. Once the leg was 
amputated in the ninth week renal function improved markedly. 
It was probably a candida infection from the intravenous 
feeding line which caused the death of the patient during 
the fourteenth week. 


Renal lesion 

The urine output on the first day was satisfactory up to 60 ml/h, 
It fell steadily so that by the second day peritoneal dialysis 
was unable to control potassium levels; haemodialysis was 
started and continued until the eleventh week. Pyelography in 
the sixth week showed no renal concentration of contrast. 
Anuria persisted until extensive débridement of the right calf 
and thigh muscles was carried out. Amputation of the right 
leg at the hip was performed during the ninth week. After this, 
urine was passed in increasing quantities and a nephrogram 
was seen on intravenous pyelography. By the eleventh week 
renal function was sufficient to discontinue dialysis. 


Chest complications 

After removal of the right leg the patient went into respiratory 
failure and prolonged mechanical ventilation was necessary 
via an endotracheal tube in the ninth week. Gradually the 


chest improved and blood gases approached normal levels. In 
the thirteenth week pulmonary function again worsened in 
association with her septicaemic state. Mechanical ventilation 
via a tracheostomy was used until the time of death. 


Infective complications 
Infection of the muscles of the right leg was a problem from 
the time of the fasciotomies onwards. Within 4 days the wounds 
were colonized by coliform bacilli and aerobic spore-bearing 
organisms. The former were sensitive to gentamicin, and 
penicillin and gentamicin were given in combination. Over the 
next 8 weeks Escherichia coli, proteus and pseudomonas were 
cultured from the fasciotomy wounds. A succession of anti- 
biotics was used, including ampicillin, cloxacillin, carbenicillin, 
gentamicin, tobramycin and clindamycin. Nystatin was used 
for oral thrush. Tobramycin and gentamicin dosages were 
calculated according to blood level estimations and particular 
care was taken to avoid overdosages because of the risk of 
compounding renal damage. At one time the patient developed 
tinnitus and the gentamicin was temporarily withdrawn. 
Finally, in the thirteenth week a sudden pyrexia occurred 
associated with respiratory difficulty, for which a tracheostomy 
was performed. Unconsciousness followed associated with 
status epilepticus. Blood culture at that time showed growth 
of candida and the same organism was cultured from the 
intravenous feeding catheter; cerebrospinal fluid culture 
showed no organisms; 5-fluorocytosine and amphotericin were 
started, but to no avail. 


Bleeding and anaemia 

One week after admission and after the insertion of a new 
peritoneal dialysis catheter the patient became shocked. The 
condition was associated with a distended and tender abdomen. 
A diagnosis of haemoperitoneum was made and the abdomen 
opened. It was found that the catheter had pierced the inferior 
epigastric artery which had bled into the peritoneal cavity. The 
bleeding was stopped, blood was evacuated and the abdomen 
closed. 

Bone marrow aspirates taken during the first week showed 
megaloblastic changes associated, possibly, with folate 
deficiency. They were partiy reversed with the administration 
of folate. During the next 3 months there was a persistent 
erythroid hypoplasia; the fasciotomyy wounds bled con- 
tinuously but slowly; the mild megaloblastic changes persisted. 
The anaemia was corrected with multiple blood transfusions. 
The platelet count fell to 70>» 10°/1 during the first week but 
after this there was no thrombocytopaenia. After the disarticu- 
lation of the right hip there was a severe reactionary haemor- 
rhage which was controlled with some difficulty at reoperation 
and which necessitated a blood transfusion of 16 units. 


Neurological 

Cerebral function, apart from depression, was normal until 
1 week before her death. At this time facial twitching started 
followed by status epilepticus and unconsciousness. This was 
thought to be associated with a candida septicaemia and a 
cortical vein thrombosis. Cerebrospinal fluid was negative and 
brain scan and EEG showed no focal lesion. The fits were 
controlled by clonazepam and sodium valproate. 


Musculoskeletal 

Biopsies from the leg, taken during the first week and sub- 
sequently, showed extensive necrosis and healing by fibrosis. 
When the leg was examined after its removal only occasional 
viable muscle fibres were seen. It is probable that, had it not 
been amputated, the limb would have served no useful function. 
The necrosis of muscle appeared to be progressive during the 
&-week period when successive débridements were performed. 
The patient became toxic during the ninth week. All hope for 
the leg was abandoned and it was removed at the hip. 


Post-mortem 

Post-mortem examination of the kidneys showed moderate 
autolytic changes. These involved the first convoluted tubules 
but the second convolution showed changes which suggested 
a still-active degenerative alteration with loosening and 
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shedding of the epithelium and some cellular, granular and 
crystalline material within the lumen. Some regeneration of 
epithelium with mitotic activity was present and some crystals, 
interstitial in position and surrounded by foreign body giant 
cells, were noted. There was no significant glomerular change 
other than involvement by a very occasional acute inflam- 
matory focus possibly related to the final septicaemic episode. 
Examination of the lungs showed widespread congestion, 
some interstitial oedema and much alveolar exudate. Intra- 
vascular fungal forms were also seen. Examination of the brain 
failed to show any gross lesion. Microscopy showed oedema 
and areas of focal necrosis but no candida bodies. 


Discussion 

Pathogenesis 

Bywaters and Beall (1941) pointed out that crushed 
muscle was the common aetiological factor in all their 
cases and alluded to the possible effects of potassium 
release from necrotic muscle. They did not consider 
hypotension to be factor of great importance in view 
of its short duration in their cases. The investigations 
performed suggested that the renal lesion was tubular 
and not glomerular. Gilmour (1941) commented on 
the similarities between equine paralytic myoglobin- 
uria and the crush syndrome, both in skeletal muscle 
and in the kidney. He proposed that myoglobin was 
important in the aetiology of the renal lesion. This 
was shortly followed by a paper from Bywaters and 
Delory (1941) in which it was noted that myoglobin 
was to be found in the urine of crushed air-raid 
victims. 

Many considered that free haemoglobin, as occurred 
in incompatible blood transfusions and blackwater 
fever, caused the renal lesion seen in these conditions, 
and earlier Baker and Dodds (1925) had supplied 
evidence that renal tubules could be blocked by 
haemoglobin. The subject was reviewed by Yuile 
(1942), who found no evidence to show that haemo- 
globin alone was toxic to the kidney. 

Bywaters (1944) studied the effect of injected myo- 
globin in rabbits. He was able to produce severe renal 
failure by combining a crush injury with acidification 
of the urine and injections of dog myoglobin. Renal 
failure did not occur following injection of the myo- 
globin alone. He believed that in the presence of an 
acid urine, myoglobin precipitated in the tubular 
lumen and lined the epithelium, preventing the re- 
absorption of glomerular filtrate. He pointed out that 
the casts in the tubules were hollow, which supported 
this theory. Studies on the effect on the dog kidney 
of haem pigments such as acid haematin, haemo- 
globin and myoglobin (Corcoran and Page, 1947; 
Harrison et al., 1947; Litwin et al., 1960) are, how- 
ever, difficult to interpret since the doses of pigment 
used varied and renal ischaemia had to be an added 
injury. In these studies the pigments had a variable 
effect on the kidney with little or no tendency to pro- 
duce renal failure. From recent work it would seem, 
however, that haem pigments do not cause renal 
blockage. Proximal tubule pressure, measured in 
single nephrons by micropuncture, fell following renal 
damage by the injection of haem pigments (Chedru 
et al., 1972). These lowered pressures occurred even 
in the presence of pigment casts downstream from 
the point of puncture, suggesting that there is no 
tubular blockage, and the casts themselves were shown 
to be mobile within the tubule, 

Experimental work on the crush syndrome has been 
limited by the lack of a satisfactory model, and the 
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literature contains conflicting reports. Crushing muscle 
in the rabbit and the rat (whose muscles contain little 
myoglobin) does not produce the syndrome. In a 
number of studies in animals, ischaemic rather than 
crush lesions of limbs were produced. Thus in Thomp- 
son and Campbell’s study (1959) ischaemia of the leg 
was produced by clamping the femoral vessels but no 
comment was made concerning subsequent renal func- 
tion. Corcoran and Page (1947) applied tourniquets 
to the hind legs of dogs, which led to a fall in renal 
blood flow but no renal damage. Mortaguani and 
Simeone (1953) failed to produce renal failure in dogs 
after arterial occlusion in the hind limbs of some 
hours’ duration. On the other hand, in other studies 
(Mehl et al., 1964; Paul et al., 1965) temporary occlu- 
sion of the blood supply to the canine hind limb for 
8-10 h with no crushing of muscle caused hypoten- 
sion, acidosis and death with a renal lesion similar to 
that seen in the crush syndrome. Powers and his col- 
leagues (1959) succeeded in producing patchy tubular 
degeneration in canine kidneys by crushing legs with 
mallet blows, but renal failure did not occur. 

There is some evidence to suggest that crushed 
tissue may liberate a nephrotoxic substance. Eggle- 
ston (1944) noted that the sudden release of a tourni- 
quet applied to the hind limb of a cat was followed 
by a fall in the creatinine clearance of around 50 per 
cent. This fall did not occur when the tourniquet was 
released slowly. 

Maegraith et al. (1945) were the first to consider 
the condition of acute tubular necrosis to be a syn- 
drome seen in a multiplicity of diseases. They pointed 
out that the renal changes seen in ‘prerenal azotaemia’ 
(Fishberg, 1939), incompatible blood transfusion, 
blackwater fever, crush syndrome, septic abortion 
and concealed accidental haemorrhage were similar, 
showing damage to tubular epithelium in the presence 
of normal glomeruli. In their opinion, the aetiological 
factor common to these conditions was renal anoxia, 
usually secondary to circulatory failure. This hypo- 
thesis was further advanced by Trueta (1945), who 
emphasized the possible importance of renal vaso- 
constriction. 

Although they were unable to produce renal failure, 
Powers et al. (1959) showed that selective renal vaso- 
constriction followed crushing of the hind limb in 
dogs by repeated mallet blows. More recently, studies 
of the haemodynamic changes within the kidney in 
both experimental and human acute renal failure have 
demonstrated a fall in cortical and total renal blood 
flow irrespective of the cause. Studies using radio- 
active-labelled gas wash-out techniques have shown 
that cortical blood flow falls rapidly with the onset 
of acute renal failure in the rat (Chedru et al., 1972) 
and in the dog (Flamenbaum, 1973). Similar results 
have been obtained in man using renal angiography 
(Hollenberg et al., 1970), where it has been shown 
that the fall in cortical flow is associated with narrow- 
ing of the arcuate vessels. Hollenberg’s proposal that 
the basic lesion in acute renal failure is a fall in 
cortical perfusion suggests that this may be the final 
common pathway of the kidney’s response to factors 
likely to cause acute renal failure. The intrinsic renal 
blood flow in the human crush syndrome, however, 
does not appear to have been investigated. 

At the present time it is not known to what extent 
the presumed aetiological factors of myoglobin 
release from muscle, hypotension, selective renal 
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ischaemia or unidentified nephrotoxic substances 
contribute or interact to produce the human crush 
syndrome. This position is largely due to the lack of 
a satisfactory experimental model. 


Management 

The natural history of the crush syndrome as origi- 
nally described was followed closely by these 2 cases. 
Although the legs appeared swollen and there was 
anaesthesia and lack of motor function, all peripheral 
pulses were present. Initially, therefore, the limbs 
seemed deceivingly undamaged. Anuria did not occur 
immediately, as in both cases the urine output was 
above 500 mi in the first 24 h, a volume which would 
have been compatible with some degree of hypo- 
tension. A period of oliguria was followed by anuria 
on the fourth day, in keeping with the original de- 
scriptions. Therefore, neither seemingly slightly 
damaged limbs nor an adequate initial urine output 
should be regarded as good prognostic signs. 

Folate deficiency anaemia has been reported in 
severely injured patients. In these cases peripheral 
blood and bone marrow examination showed mega- 
loblastic changes within 1 week of admission. A rise 
in the haemoglobin level and platelet count followed 
folate treatment, the response being more brisk in 
Case 1. 

Stress ulceration reported in association with the 
crush syndrome (Fischer and Stremple, 1972; Ander- 
son and Graham, 1975) did not occur in either case. 
It appears to be a serious complication with a mor- 
tality of over 90 per cent (Fischer and Stremple, 1972). 
Both bleeding tendency and neuropsychiatric disturb- 
ances are also said to occur, and both cases support 
this statement (Terschan, 1955). 

It has been postulated that the early respiratory 
failure that can follow acute vascular occlusions may 
be due to microthrombi within the pulmonary circu- 
lation (Blaisdell et al., 1966; Stallone et al., 1969). 
There is no information with regard to the crush 
syndrome but the sudden respiratory deterioration 
seen in the present cases was similar to the lung 
syndrome described by these authors. 

Despite intensive treatment along well-accepted 
lines (Weeks, 1968), these young patients were lost 
as a result of sepsis. The initial hypovolaemia, hyper- 
kalaemia and the other effects of renal failure were 
corrected without difficulty in experienced renal units. 
The management of the limbs, however, posed greater 
problems. In previous reports of the crush syndrome 
(Bywaters and Beall, 1941: Shinaberger et al., 1965) 
fasciotomy has been undertaken according to well- 
established principles to prevent muscle necrosis 
(Benjamin, 1957). Whereas these cases survived, the 
operation performed in both cases reported here 
seemed to serve as a portal of entry of infection. 
Primary closure of the skin, as used by Bentley and 
Jeffreys (1968), was not possible owing to the bulging 
ef muscle through the skin incisions. Both patients 
had wounds extending to the perineum and under- 
lying necrotic muscle, verified in Case 2 by biopsy. 
The scene was set for infective complications. 

It is well known that post-traumatic renal failure 
is associated with a high mortality if infection is an 
added problem (Parsons et al., 1961). In a survey of 
deaths in the Vietnam War, post-traumatic renal 
- failure carried a mortality of 63 per cent (Lordon and 
- Burton, 1972). Seventy-two per cent of these deaths 


were due to infection. The susceptibility to infection 
of patients with acute renal failure is said to be due 
to an impairment of host defence mechanisms (Ter- 
chan, 1955) and, furthermore, in the injured or post- 
operative patient there is deficient wound healing 
(Montgomerie et al., 1968). In the crush syndrome, 
therefore, the hazard of renal failure is compounded 
when infection occurs, as it did here as a result of 
fasciotomy. In Case 2 it was considered that a candida 
septicaemia was finally responsible for death. Ironi- 
cally, it is likely that the patient’s prolonged oral and 
oesophageal candidiasis was a result of intensive anti- 
biotic treatment for the infected fasciotommy wounds. 
The upper alimentary candida infection also pre- 
vented the patient from eating and thus made intra- 
venous feeding necessary. It is likely that the feeding 
cannula was the source of the septicaemia. Lordon 
and Burton (1972) remarked upon the poor prognosis 
if nutritional problems arise in those suffering from 
post-traumatic renal failure in whom there is an in- 
ability to feed. It is this group of patients which is 
most at risk and the second case presented here sup- 
ports this observation. At the times when both patients 
were nursed in the respective intensive care units, 
there were no reports of outbreaks of infection due to 
resistant bacteria and no routine surveys of the resi- 
dent bacterial populations of the units were carried 
out. Neither patient at any time appeared to harbour 
organisms which on laboratory testing were found to 
be resistant to antibiotics. 

Several different methods of treatment have been 
advocated in the crush syndrome on the strength of 
results obtained in experimental animals. Thompson 
and Campbell (1959) conducted a series of experi- 
ments in which dextran was used to perfuse the lower 
limbs of animals subjected to lower limb ischaemia. 
Perfusion was found to be beneficial in reducing blood 
and urine levels of haem pigments although there was 
no mention of renal injury. Such treatment in man 
has not been reported and in an underground train 
accident such as the Moorgate disaster would not be 
practicable. Nevertheless, in a more suitable environ- 
ment limb perfusion may be worthy of exploration. 
Mehl et al. (1964) successfully treated limb ischaemia 
in dogs by attempting to prevent the development of 
acidosis by the administration of buffer trishydroxy- 
methylaminomethane (THAM), but their experi- 
mental method was so different from the clinical 
situation that their encouraging results are probably 
not applicable to man. Earlier reports of the crush 
syndrome attached some importance to the alkalin- 
izing of the urine in order to avoid intratubular preci- 
pitation (Weeks, 1968). This was not done in either 
of these 2 cases, and since in Case 2 renal function 
recovered well it would not seem a vital aspect of 
treatment. The use of a pneumatic cuff placed about 
the limb before release and which is later deflated 
resulted in a fall. in mortality from experimental 
ischaemic injury (Duncan and Blalock, 1942). The 
cases reported here, however, were both trapped in a 
tangle of metal which would have made the placing 
of any form of cuff impossible. 

There remains the question of amputation as a 
prophylactic measure against renal failure and infec- 
tion. Bywaters and Beall (1941) reported that ampu- 
tation was performed in one of their cases. This was 
done late on the second day, by which time renal 
failure had already developed. The clinical course 


appeared to be unaffected and the patient died on the 
eighth day. Thirty years ago renal failure was lethal 
and the failure of amputation to influence the natural 
history of crush syndrome may not necessarily be 
translated to today’s patient who has the benefit of 
dialysis. Bentley and Jeffreys (1968), reporting 3 cases 
of crush syndrome, considered that amputation had 
no part to play in treatment. They did not amputate 
the limbs of any of their patients and their opinion 
was not supported by reference to any authority. 
The Annotation in The Lancet (1959) to which they 
referred merely stated that amputation was recom- 
mended as a valuable measure in both World Wars, 
similarly without any supporting reference. The policy 
of seria] débridement adopted in both cases presented 
here failed, since it did not eliminate infection nor 
result in clinical improvement. 

In Case 2 biopsy of muscle in the first week showed 
necrosis. The reason the limb was not removed forth- 
with was that the biopsy was not considered to have 
been representative of deeper muscle groups which 
were presumed to be possibly viable. In retrospect the 
decision not to amputate was probably incorrect, 
since even if the patient had survived it is likely that 
the muscle, such as was left after many débridements, 
would have been affected by ischaemic contracture. 
The reason for not performing amputation in Case 1 
was that consent was vigorously withheld by the 
patient, despite the limb having been crushed far in 
excess of 12 h. In Case 2 the limb was crushed for 
about 6 h, and such a period of ischaemia is not 
generally held to be incompatible with limb survival 


(Eastcott, 1973). When amputation was performed _ 


in Case 2, renal function rapidly improved. In Case 1 
the infected limb acted as a source which may have 
perpetuated lung infection and septicaemia. Organ- 
isms cultured from the sputum were consistently the 
same as those found in the leg wounds. There seems 
no doubt, in these cases, that infection in the legs 
played the major part in causing death. During the 
course of their illness it became clear that amputa- 
tion was obligatory owing to the state of the limbs, 
but by this time, as shown in Case 2, the operation 
was performed too late. It is possible that earlier 
amputation would have led to quicker resolution of 
the renal lesion; it would certainly have limited the 
infective complications. A decision to remove a limb 
from a young person is not arrived at easily, but the 
disappointing outcome suggests a more radical ap- 
proach would have been more likely to save life. 
The effect of immediate amputation on the course 
of the renal lesion remains uncertain, first for lack of 
clinical information and secondly because no satis- 
factory animal model of the crush syndrome has been 
found. Although a clear improvement in renal func- 
tion was seen here in Case 2, it is not possible to draw 
general conclusions and, furthermore, dialysis has 
made this question less important. In the present state 
of knowledge the case for amputation would seem to 
depend on whether infection is present or not. From 
the experience gained with these 2 patients, it is 
reasonable to advocate amputation either when infec- 
tion in the damaged muscle has occurred or when 
biopsies of muscle show necrosis. The duration of the 
compressive injury should not be used as an arbiter 
for or against amputation since in Case 2 the leg was 
eventually lost after an initial crush of 6 h, whereas 
Graham and Anderson (1975) reported a patient 
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surviving after suffering a lower limb compression in 
excess of 20 h. It is important to remember that the 
state of the circulation after decompression of the 
limb is either normal or hyperdynamic, as witnessed 
by the reactive hyperaemia. The efficiency of the 
circulation is illustrated by the rapid rise in serum 
potassium levels as a result of this element being 
washed out of damaged muscle tissue into the blood- 
stream. The basic cause of the disease is the ischaemic 
damage to muscle, which is peculiarly sensitive to 
inadequate blood supply. 
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THE FOURTH COVENTRY CONFERENCE 


In 1971, 1973 and 1975 conferences on surgery of the oesophagus, lung and 
heart were held at Coventry. The subject of the next conference, to be held on 
13 and 14 July, 1977, is Trauma of the Chest. 

The conferene will be held at the Warwickshire Postgraduate Medical Centre. 
The fee will be £35-00, which includes some refreshments and social events. Full 
details of the conference and social programme may be obtained from: Dr R. E. 
Smith, Area Director of Postgraduate Medical Education, Warwickshire Post- 
graduate Medical Centre, Stoney Stanton Road, Coventry, CV1 4FG. 
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The medical dissolution of phytobezoars 


using cellulase 


S. P. LEE, W. D. HOLLOWAY AND G. I. NICHOLSON# 


SUMMARY 

Phytobezoars are plant fibre concretions occurring in 
the stomach as a complication following some ty pes of 
gastric surgery. Symptoms include distension, pain and 
vomiting. Ulceration, gastric bleeding and even perfor- 
ation can occur. If ‘untreated, they result in a signi- 
ficant mortality. 

Dissolution of the phytebezear can be achieved with- 
out operative intervention. Enzymes and especially 
cellulase help to break up the mass and it can then be 
aspirated or allowed to pass on. Five patients with 
phytobezoars were thus treated and the cellulase method 
was confirmed to be simple, safe and effective. 


CONCRETIONS in the human stomach include phyto- 
bezoars from plant fibre, trichobezoars from hair 
and miscellaneous foreign body conglomerates. The 
occurrence of phytobezoars following gastric surgery 
is recognized (Cain et al., 1968; Deal et al., 1973), and 
they are more common than trichobezoars, which 
occur after the ingestion of hair, especially in men- 
tally disturbed women. 

Local symptoms include pain, distension and post- 
prandial vomiting. Bleeding, ulceration, perforation 
and intestinal obstruction can result. Postgastrectomy 
phytobezoars are a serious problem and the patients 
are often elderly and malnourished. Untreated, the 
mortality has been estimated to be 60-70 per cent 
(DeBakey and Ochsner, 1938, 1939). 

Until recently the procedure has been to remove 
phytobezoars after gastrotomy, and the series of 400 
patients reported by Dann et al. were all treated 
surgically (Dann et al., 1959). However, in some 
patients enzyme dissolution has been attempted and 
a promising method is the use of cellulase (Raffin, 
1973). Cellulase therapy was used successfully in 5 
patients who developed postgastrectomy phytobezoars. 
Table I summarizes the clinical features of these patients 
and one illustrative case is described in detail. 


Case report 

A 70-year-old male orchard worker was referred to a surgeon 
because of epigastric discomfort, anorexia and weight loss. The 
patient owned a large orchard in which peaches, apples, pears, 
` persimmons and oranges were grown. He consumed a 
generous amount of the fruit and was endentulous. Physical 
examination showed no positive signs. 

Carcinoma of the stomach was diagnosed by barium meal 
examination. (Fig 1) and endoscopic biopsy. At operation the 
tumour was found to be localized to the antrum. A partial 
gastrectomy was performed and the gastric remnant anasto- 
mosed to the duodenum. He was discharged asymptomatic 
18 days after operation. 

Sixteen months after the operation he began to experience 
epigastric fullness, postprandial pain and vomiting. A repeat 
barium meal study showed a large rounded food concretion 
within the gastric remnant (Fig. 2). Gastroscopy showed this to 
be a phytobezoar (Fig. 3) and a biopsy section showed pre- 
dominantly plant fibres. A regimen of clear fluid diet for 3 days 
and saline lavage via a large bore stomach tube failed to 
decrease the size of the phytobezoar. Gastroscopic fragmenta- 
tion with biopsy forceps of this 65-mm diameter concretion was 


attempted but failed. However, approximately 20 g of phyto- 
bezoar tissue was obtained and an in vitro test with cellulase 
was then performed. The tissues were put into two test tubes 
and centrifuged at 3000 rev/min for 15 min in 5 mi of the 
patient’s gastric juice (pH 3-1). A mass of phytobezoar tissue 
was then ‘reconstituted’. To one test tube was added 5 ml of 
distilled water and to the other 5 ml of 0-5 per cent cellulaset 
solution. The tubes were then incubated at 37 °C. After 90 min 
the tissue in the tube containing the enzyme had disintegrated 
into an amorphous debris (Fig. 4). 

Cellulase solution, 0-5 per cent, was given to the patient, 300. ml 
intragastrically via a nasogastric tube. When endoscoped 6hours 
later, the phytobezoar had decreased in size to a diameter of 
45 mm. The gastric aspirate consisted of thick material some- 
what resembling porridge. Skins of sweet corn, tomato and 
other fibrous strands were visible. Treatment with the cellulase 
solution was continued, 300 ml being given 4-hourly orally 
during waking hours for the next 2 days. When endoscoped 
on the third day, the stomach was empty. After dissolution of 
the phytobezoar, it was demonstrated endoscopically and 
radiologically that there was outlet obstruction owing to 
tumour recurrence (Fig. 5). 


Table I: SUMMARY OF 5 PATIENTS WITH 
POSTGASTRECTOMY PHYTOBEZOARS 
SUCCESSFULLY TREATED WITH CELLULASE 
05 PER CENT SOLUTION 


Time 
required 
Clinical to dissolve 
Initial diagnosis Age Sex presentation phytobezoar 
Carcinoma of 72 M Pain and vomiting 3 days 
the stomach 

Gastric ulcer 58 M Vomiting 3 days 
Gastric ulcer 42 M Pain and vomiting 3 days 
Gastric ulcer 64 M Pain and diarrhoea 3 days 
Duodenal ulcer 69 M Pain and chronic 3 days 


recurrent gastric 
bleeding 





The previous operative procedure in all cases was partial 
gastrectomy with gastroduodenostomy. 


Discussion 

The first report of non-operative treatment was that 
by Dann et al. in 1959 in the case of a persimmon 
phytobezoar. They used the proteolytic enzyme papain. 
Other workers were less successful with this method 
(Raffin, 1973; Amjad, 1975). A variety of other 
enzymes, including acetylcysteine, Adolph’s meat 
tenderizer and other additives such as dilute hydro- 
chloric acid and sodium bicarbonate, have been 
used either singly or in combination (Siffert, 1968; 
Schlang, 1970; Sanderson et al., 1971; Amjad et al., 
1975). They may act by their proteolytic or mucolytic 
action on the mass. Success has been uncertain 
(McKechnie, 1972; Raffin, 1973; Amjad et al., 1975). 
* Department of Gastroenterology, Auckland Hospital, 
Auckland, New Zealand. 
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Fig. 3. Gastroscopic photograph of the phytobezoar, 
outlined by arrows. 
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Fig. 1. Preoperative barium meal study. Arrow shows an 
area of constriction at the antrum. 





Fig. 4. Phytobezoar tissue disintegrated after incubation with 
0-5 per cent cellulase (right tube) for 90 min. The left tube 
is a control using water. 





Fig. 2. Postoperative barium meal study showing barium 
coating the bezoar in the gastric remnant. Arrows indicate 
the gastric outlet, which is not clearly seen. 
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Fig. 5. Barium meal study after removal of the phytobezoar. 
This shows a poorly contracting but empty gastric remnant. 
The outlet is now seen to be narrowed by tumour recurrence 
(arrowed). 
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Shock as acomplication of pancreatitis is well 
known. However, attention has recently 
focussed on the pancreas as a target organ in 
shock due to other causes.' Either situation 
leads to impaired perfusion and a chain of 
events mediated by kallikrein, which leads 
through hypoxia and release of proteolytic 
enzymes to inappropriate activation of 
coagulation, fibrinolysis and the kinin system. 


This process can be blocked by the 
administration of Trasylol, which inhibits 
kallikrein.? Trasylol has also been shown to 
prevent the production of basic polypeptides 
such as kinins and pulmonary lesion factor 
(PLF),? which are also implicated in the 
shock process. 


In a prospective double blind trial,* addition of 
Trasylol to standard therapy significantly 


reduced the mortality due to acute pancreatitis, 
and favourably altered the course of the illness. 
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Formation of new ulcers and enlargement of existing 
ulcers have both been reported with the use of pro- 
teolytic enzymes (Dugan et al., 1972). 

Pollard and Block in 1968 were the first to use a 
preparation containing cellulase (Gastroenterase tab- 
lets, Wampole Laboratories, Stamford, Connecticut) 
for a postgastrectomy phytobezoar. A second success- 
fully treated case was reported using the same prepar- 
ation (Deal et al., 1973). Each tablet of Gastroenterase 
contains cellulase 25 mg, pepsin 150 mg, pancreatic 
enzymes 100 mg and dihydrocholic acid 50 mg. Three 
pulverized tablets were given three times a day. It was 
thought that the cellulase component was the sub- 
stance responsible for the dissolution of phytobezoars. 
In another 5 patients we have proved that cellulase 
alone is a simple, safe and effective method of treat- 
ment. 

The enzyme is relatively stable and its activity is at 
optimum pH of 4-5 (Lee et al., 1976). The cellulase en- 
zyme produced by Pfizer Chemicals is identical with the 
cellulase produced by Wampole Laboratories. They 
are both derived from aspergillus. The enzyme 
probably attacks the leucoanthocyanidin—hemicellu- 
lose-cellulose bonds, thus breaking the cementing 
structure of the phytobezoar (Lee et al., 1976). By 
disintegrating the solid mass into fine debris, this can 
either drain down to the bowel or be aspirated by a 
suction tube. 

Phytobezoars have been removed by encouraging 
fiuid intake and by saline lavage of the stomach 
(Szemes and Amberg, 1968; Rigler and Grininger, 
1970; Amjad et al., 1975). When phytobezoars are 
well formed, they are surprisingly hard and insoluble 
in water. These few cases that have been successfully 
treated thus were probably early bezoars or a pulta- 
ceous mass of retained food material in a poorly 
emptying gastric remnant diagnosed as phytobezoars. 
In all 5 of our patients this method failed to affect 
significantly the size of the mass. 

Gastroscopic examination not only assists in the 
diagnosis; mechanical disruption of a phytobezoar 
and its removal has been reported (McKechnie, 1972). 
In this report a small phytobezoar, not detected by 
barium meal study but visualized by gastroscopy, 
was successfully removed. Conceivably, with improve- 
ment in the operative forceps and instruments that 
can be passed down the fibroscope, the chances of 
success may improve. Otherwise, the small size of 


34 


Dissolution of phytebezoars 405 
biopsy forceps makes this a tedious and impracticable 
procedure for a sizeable solid concretion. 
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Intermittent sigmoid volvulus in the younger age groups 
R. B. SMITH, M. G. KETTLEWELL AND M. H. GOUGH* 


SUMMARY 

Sigmoid volvulus is a well-recognized clinical entity, 
occurring more commonly in the male in middle or old 
age. In younger age groups the diagnosis is therefore 
often delayed. We report here 11 patients of an average 
age of 31 years (range 12-57 years), with a preponder- 
ance of females (7 : 4), who have presented to us in the 
past 2 years with intermittent sigmoid volvulus. The 
average age at onset of initial symptoms was 26 years. 
All had the diagnosis confirmed radiologically by colono- 
scopy or at operation. The diagnostic features of the 
condition are described. 


SIGMOID volvulus presenting as acute intestinal ob- 
struction is rare in Western communities, accounting 
for only 2 per cent of all cases of obstruction (Bruus- 
gaard, 1947). The disease is more common in Eastern 
Europe and Asia, accounting for 18 per cent of cases 
of acute intestinal obstruction (Wangensteen, 1955). 
Racial and environmental differences are apparent in 
that American Negroes (Pool and Dunavent, 1951), 
African Bantu (Gelfand, 1947; Shepherd, 1969) and 
Indians (Anderson, 1956) seem more prone to acute 
sigmoid volvulus. The disease is associated with Chagas 
disease (Gama et al., 1976) and with mental sub- 
normality (Pool and Dunavent, 1951; Gabriel et al., 
o Frimann-Dahl, 1954; Drapanas and Stewart, 
1961). 

There is general agreement that the essential ana- 
tomical features predisposing to sigmoid volvulus 
are: 

1. A long and freely mobile sigmoid colon. 

2. A long and freely mobile mesosigmoid. 

3. A short mesenteric attachment of the proximal 
and distal mesocolic limbs forming a narrow inverted 
V’. 

Given these predisposing factors, the colon is 
thought to rotate intermittently about its narrow 
mesenteric attachment either clockwise or anticlock- 
wise between 180° and 360°. In addition, the bowel 
twists along its own long axis to a variable degree 
(Groth, 1934). The result of such rotation is a closed- 
loop obstruction leading eventually to a more proximal 
distension of the colon. The extent of this distension 
depends upon the competence of the ileocaecal valve. 
The twisted sigmoid loop is liable to ischaemic change 
of varying severity. Repeated volvulus leads to the 
formation of the fibrous striae which are character- 
istically seen at the base of the mesosigmoid. 


Case reports 
The details of these 11 cases are presented in Table J. 


Case 1: A 22-year-old girl gave an 8-year history of several 
episodes of intermittent central and left-sided cramping 
abdominal pain, abdominal distension and constipation. She 
had been under medical supervision for 2 years and had been 
treated for an irritable colon. She had colonic motility studies 
performed which showed a large, active but distensible colon. 
An elective barium enema examination showed a large capacity 
colon which was otherwise normal. Elective laparotomy was 
performed because of the chronicity of her symptoms and 
revealed a distended, redundant, sigmoid loop with a narrow 


scarred mesenteric attachment. Sigmoid colectomy with 
primary colonic anastomosis relieved her symptoms. Histology 
of the resected sigmoid has shown normal neuro-anatomy. 


Case 2: A 37-year-old woman gave a 9-month history of 
intermittent colicky pain and swelling in the left iliac fossa. 
The attacks of pain were frequently followed by diarrhoea. A 
barium enema examination was reported as normal. She was 
admitted shortly after the barium enema examination with 
acute appendicitis and at laparotomy was found to have, in 
addition to an inflamed appendix, a large redundant loop of 
sigmoid colon with a narrow fibrosed mesenteric attachment. 
This was not resected at the time but she has continued to 
suffer from her pain and awaits further surgery. 


Case 3: A 26-year-old woman gave a 6-month history of 
constipation, abdominal discomfort and distension. She had 
bowel actions every 3—5 days with some relief of her symptoms. 
A barium enema examination revealed a huge dilated sigmoid 
loop which was later resected with primary anastomosis. 
Histology of the resected colon and a full-thickness rectal 
biopsy, with particular reference to the neuro-anatomy, were 
normal. She is now symptom-free. 


Case 4: A 24-year-old man presented with a l-year history of 
intermittent abdominal pain and distension in episodes lasting 
2-3 days which were relieved by the passage of large quantities 
of soft faeces. A barium enema examination showed a large 
redundant loop of sigmoid colon. A full-thickness rectal 
biopsy showed that the myenteric plexus was normal. Lapar- 
otomy confirmed the presence of a huge loop of distended 
sigmoid on a long mesentery, with a thickened and fibrosed 
peritoneal attachment. Sigmoid colectomy with primary 
anastomosis relieved his symptoms. 


Case 5: A 29-year-old woman presented with a history of 
frequent attacks of left-sided abdominal pain over many years. 
These episodes were usually relieved by the passage of liquid 
faeces. She was treated medically over a 2-year period with the 
diagnosis of an irritable colon. She presented acutely with a 
severe episode of pain and distension and a plain abdominal 
X-ray showed a distended sigmoid colon. This was decom- 
pressed sigmoidoscopically and an elective sigmoid colectomy 
was carried out 7 days later. A thickened scarred sigmoid 
mesenteric attachment was seen. She has subsequently remained 
symptom-free. 


Case 6: A 33-year-old man gave a history of two attacks of 
central abdominal pain with abdominal distension. The first 
attack had been relieved by the passage of large quantities of 
flatus. He was admitted during his second attack and a plain 
abdominal X-ray showed a grossly distended sigmoid loop. A 
Paul—Mickulicz resection was performed acutely, the mesentery 
showing characteristic thickening at the base of the sigmoid. 
Following closure of the colostomy he has remained symptom- 
free. 


Case 7: A 51-year-old woman presented with a 5-year history 
of constipation, intermittent abdominal distension and 
discomfort. Many attacks had been relieved spontaneously by 
the passage of loose stools and much flatus. An elective barium 
enema examination confirmed a clinical diagnosis of inter- 
mittent sigmoid volvulus and subsequent resection of the 
sigmoid has rendered her symptom-free. 


Case 8: A 12-year-old boy presented with two episodes of left- 
sided lower abdominal colicky pain in 3 months. The initial 
episode had been relieved spontaneously by the passage of 
flatus and faeces. He had had a normal bowel habit in earlier 
childhood and had no evidence of any congenital anorectal 
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Table 1: DETAILS OF THE CASE SERIES 
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Length of Site of No. of Relieved by 
Case No. Agefyr) Sex history pain attacks Distension Constipation flatus or faeces Laxatives 
1 22 F 8 yr LIF 3/week Yes Yes No Yes 
2 37 F 6 mth LIF 10 Yes No No No 
3 26 F 6 mth LIF and 12 Yes Yes Yes No 
general 

4 24 M 9 mth Central 6 Yes Yes Yes No 
5 29 F 2 yr LIF 2 Yes Yes Yes No 
6 33 M 6 mth General 2 Yes Yes Yes No 
7 51 F 5 yr General Many Yes Yes Yes Yes 
8 12 M 3 mth LIF Yes Yes Yes No 
9 22 F 7 mth RIF Many Yes Yes Yes No 
10 47 M 35 yr LIF 2--3/year Yes Yes Yes Yes 
il 41 F 18 mth Central 10 Yes Yes Yes Yes 

Mean Mean Total 11 Total 10 Total 9 Total 4 

30:9 59 mth s 





LIF, Left iliac fossa; RIF, right iliac fossa. 


abnormality. A plain abdominal X-ray during his second 
attack showed a distended sigmoid loop and abdominal 
examination showed a soft palpable mass in the left iliac fossa 
Laparotomy performed acutely revealed a 180° twist in the 
sigmoid colon which had mesenteric thickening at its narrow 
base. Sigmoid colectomy was not carried out and he was 
subsequently lost to follow-up. 


Case 9: A 22-year-old female presented with a 7-month histery 
of intermittent lower abdominal colicky pain and constipation. 
She was admitted acutely with right-sided abdominal pain and 
had an emergency laparotomy for presumed appendicitis. Non- 
specific inflammatory changes were found in the mesenteric 
lymph nodes but her sigmoid colon was found to be redundant, 
blue and partially twisted upon a narrow fibrosed mesenteric 
attachment. She is awaiting elective resection of her sigmoid 
loop. 

Case 10: A 47-year-old man presented with a 35-year history 
of constipation and intermittent abdominal pain. He had 
had attacks of left iliac fossa pain lasting 4-8 weeks with 
constipation of up to 1 month’s duration. The pain was 
relieved by the passage of faeces or flatus. A barium enema 
examination during an acute attack revealed sigmoid voivulus 
which was later confirmed by laparotomy. The sigmoid loop 
was enormously dilated and the upper rectum hypertrophied. 
Sigmoid colectomy has relieved his symptoms. 

Case 11: A 41-year-old woman presented with an 18-month 
history of intermittent central abdominal colicky pain and 
distension relieved by the passage of bloodstained diarrhoea. 
Colonoscopy carried out to investigate her bleeding revealed a 
huge sigmoid loop extending to the right costal margin with 
proximal and distal limbs lying close together. The mucosa was 
normal and the size of the loop together with her history 
suggested the diagnosis of intermittent sigmoid volvulus. She 
awaits laparotomy. 


Discussion 

We confirm the opinion of Sturzaker et al. (1975) 
that sigmoid volvulus in the younger patient is not 
as uncommon as was previously thought. In this 
series, there was a preponderance of young females 
(M:F 7:4) in contrast to the previously stated 
view that the disease more commonly affects males 
of middle and old age (Bruusgaard, 1947; Pool and 
Dunavent, 1951; Drapanas and Stewart, 1961; Nay- 
man, 1962; Prather and Bowers, 1962; Wilson and 
Dunavent, 1965; Carden, 1966; Wuepper et al., 1966; 
Hildebrand and Wilson, 1967; Sutcliffe, 1968; Sinha, 
1969; Nemer et al., 1976). None of our series exhi- 
bited any mental disorder (Sutcliffe, 1968; Kerry and 
Ransom, 1969; Nemer et al, 1976). We have, 
however, included only patients with symptoms of 
recurrent sigmoid volvulus, unlike the majority of 


previously reported series which have discussed the 
management of acute volvulus of the colon. 

The histories given by our patients merit further 
discussion, for all could have been diagnosed earlier 
in the course of their disease. Abdominal pain pre- 
sented in all the patients as the commonest symptom. 
This varied in nature from a vague discomfort to 
quite severe colicky pain. The site of pain varied, 
being predominantly left-sided in 6 patients, right- 
sided in 1 and generalized in 4. Abdominal disten- 
sion was present during an attack in all the patients, 
this was commonly generalized but was occasionally 
confined to the left iliac fossa. The distension was 
relieved by the passage of flatus or faeces. The num- 
ber of attacks varied from two in total to thrice- 
weekly attacks for 8 years in one patient. Constant 
or intermittent constipation was almost universal, 
being present in 10 out of 11 patients. Four patients 
had taken regular purgatives for many years with 
varying response. Nine patients admitted that their 
symptoms were relieved by the passage of flatus or 
faeces, which were usually liquid. Several patients 
admitted to occasional bloodstaining of their faeces 
during an attack. Two patients felt that defaecation 
had no effect on their abdominal discomfort (Table 1). 

The diagnosis of this condition is usually made late 
in the course of the disease. In 3 patients, recurring 
bouts of constipation had been treated with a mixture 
of irritation and sympathy by medical practitioners. 
Two patients were admitted acutely during an attack 
and were treated as emergencies, 2 patients had the 
diagnosis made fortuitously at laparotomy for sus- 
pected appendicitis, and 1 at laparotomy for suspected 
intussusception. 

The investigation of these patients by plain X-ray 
or by barium enema may be confusing. During an 
acute attack, a plain X-ray of the abdomen may show 
the classic features of sigmoid volvulus, a grossly 
distended sigmoid loop and often proximal colonic 
distension (Fig. 1). The ‘bent inner tube’ sign (Essen- 
son and Ginzburg, 1949) is used by many authors. 
A barium enema examination performed during an 
acute attack may show a ‘mucosal spiral pattern’ 
(Ligat and Overend, 1933; Sutcliffe, 1968) (Fig. 2), 
or ‘beaking’ (Rigler and Lipschultz, 1940; Drapanas 
and Stewart, 1962; Prather and Bowers, 1962; Sawyer 
et al., 1962; Kerry and Ransom, 1969). These are 
both due to the appearance of the barium-filled distal 
bowel. Unfortunately, during a quiescent phase, both 
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Fig. 1. Distended sigmoid loop with proximal distension. 





Fig. 2. Mucosal spiral pattern of barium filling sigmoid loop 
from below. 


a plain X-ray and a barium enema examination may 
be normal or the barium enema examination may 
show only a large capacity colon (Sutcliffe, 1968). It 
is for these reasons that we consider a carefully taken 
case history to be of paramount importance in the 
diagnosis. We have included one patient who was 
diagnosed by a combination of history and the finding 
of a long mobile sigmoid with narrow mesenteric 
attachment seen at colonoscopy. This, to our know- 
ledge, is the first reported case of a colonoscopic 
diagnosis of this condition. 

The typical anatomical features of the condition 
were present in all the patients who eventually under- 
went laparotomy. These features are the narrow 
mesenteric attachment of the sigmoid with thickening 
and fibrosis of the base of the mesocolon (Fig. 3) and 
the long mobile mesosigmoid (Fig. 4). The diameter 
of the rectum in 2 patients was considered enlarged, 
but in all other cases was normal. We have been 
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Fig. 4. Characteristic long freely mobile mesosigmoid. 





unable to demonstrate any neuro-anatomical defect 
in 2 patients who had full-thickness rectal biopsies 
before sigmoid resection or in careful histological 
examination of all the resected specimens. 

The treatment of intermittent sigmoid volvulus is 
surgical. None of our patients derived any lasting 
benefit from antispasmodics, cathartics or bulking 
agents. These had been prescribed as treatments for 
undiagnosed ‘irritable colon’. Before this latter diag- 
nosis can be made, careful attention must be paid to 
episodes of distension and the relationship of symp- 
toms to defaecation, particularly in the young. The 
choice of surgical procedure depends upon the mode 
of presentation, but in the elective or semi-elective 
case resection of the sigmoid with primary anasto- 
mosis is the method of choice. The addition of a 
transverse colostomy is of undoubted value in the 
more difficult case. The mortality of this procedure 
in the semi-elective case is less than 4 per cent (Wilson 
and Dunavent, 1965; Shepherd, 1968). Both these 
series, however, included many older patients and it 
seems likely that a much lower mortality rate can be 
achieved with elective resection on prepared bowel 
in the young. There have been no deaths in the pre- 
sent series. Other methods have been suggested for 
the treatment of acute sigmoid volvulus (Bruusgaard, 
1947) but these are not discussed further in this paper. 


References 

ANDERSON D, A. (1956) Volvulus in Western India. Br. J. Surg. 
44, 132--143. 

BRUUSGAARD C. (1947) Volvulus of the sigmoid colon and its 
treatment. Surgery 22, 466-478. 

CARDEN A. B. G. (1966) Acute volvulus of the sigmoid colon. 
Aust. NZ. J. Surg. 35, 307-312. 

DRAPANAS T, and STEWART J. D. (1961) Acute sigmoid volvulus. 
Am. J. Surg. 101, 70-77. 

ESSENSON L. and GINZBURG L. (1949) Volvulus of sigmoid. Am. 
J. Surg. 77, 240-249, 

FRIMANN-DAHL J. (1954) Roentgen Examinations in Acute 
Abdominal Disease. Springfield, H., Thomas, p. 285. 
GABRIEL L. T., CAMPBELL D. A. and MUSSELMAN M. M. (1953) 
Volvulus of the sigmoid colon. Gastroenterology 24, 378- 

384, 

GAMA A, H., HADDAD J., SIMONSEN O, et al. (1976) Volvulus of 
the sigmoid colon in Brazil. Dis. Celon Rectum 19, 
314-320. 

GELFAND M. (1947) The Sick African, 3rd ed. Cape Town, Juta. 

GROTH K. E. (1934) Axial torsion of colon through so-called 
physiological volvulus. (An overlooked cause of obstruc- 
tion in enteric tube.) Acta Radiol. 15, 153-168. 

HILDEBRAND H. D. and WILSON J. w. (1967) Volvulus of the 
sigmoid with special reference to the role of ganglion 
deficiency as an aetiological factor. Can. J. Surg. 10, 449- 
454, 

KERRY R. L. and RANSOM H. K. (1969) Volvulus of the colon. 
Arch. Surg. 99, 215-222. 

LIGAT D. and OVEREND T. D. (1933) Recurrent volvulus of pelvic 
colon, Br. Med. J. 2, 7-10. 


Intermittent sigmoid volvulus 409 

NAYMAN J. (1962) Treatment of sigmoid volvulus. Aust. NZ. J. 
Surg. 323, 110-122. 

NEMER F. D., HAGIHARA P, F., TRUMAN MAYS E., et al. (1976) 
Volvulus of the colon. A continuing surgical problem. Dis. 
Colon Rectum 19, 321-329. 

POOL R. M. and DUNAVENT W. D. (1951) Volvulus of the sigmoid 
colon. Ann, Surg. 133, 719-724, 

PRATHER J. R. and BOWERS R. F. (1962) Surgical management of 
volvulus of the sigmoid. Arch. Surg. 85, 19-24. 

RIGLER L. G, and LIPSCHULTZ O. (1940) Roentgenologic findings 
in acute obstruction of colon, with particular reference to 
acute volvulus of sigmoid. Radiology 35, 534-543. 


SAWYER R. B., SAWYER K. C. and SAWYER K. C. (1962) Volvulusof ` 


the colon. Am. J. Surg. 104, 468-473, 
SHEPHERD J, J. (1968) Treatment of volvulus of the sigmoid 
colon: a review of 425 cases. Br. Med. J. 1, 280-283. 


SHEPHERD J. J. (1969) The epidemiology and clinical presenta- Poe 


tion of sigmoid volvulus. Br. J. Surg. 56, 353-359. 

SINHA R. S. (1969) A clinical appraisal of volvulus of the pelvic 
colon. Br. J. Surg. 56, 838-840. 

STURZAKER H., G., LAWRIE R. 3. and JOINER C. L. (1975) Recur- 


rent sigmoid volvulus in young people: a missed diagnosis. Bl 


Br. Med. J. 4, 338-339. 
SUTCLIFFE M. M. L. (1968) Volvulus of the sigmoid colon. Br. J. E 
Surg. 55, 903-910. J 
WANGENSTEEN O, H. (1955) Intestinal Obstruction, 3rd- ed. S 
Springfield, HL, Thomas, p. 301. 


WILSON H. and DUNAVENT W. D. (1965) Volvulus of the sizmoid 538 


colon. Surg. Clin. North Am. 48, 1245-1251. 


WUEPPER K. D., OTTEMAN M, G. and STAHLGREN L, H. (1966) An 


appraisal of the operative and non-operative treatment of > 
sigmoid volvulus. Surg. Gynecol. Obstet. 122, 84-88. 








Br. J. Surg. Vol. 64 (1977) 410-412 


The significance of starch powder contamination 
in the aetiology of peritoneal adhesions 


5. A. R. COOKE AND D. G. HAMILTON* 


SUMMARY 

The presence or absence of starch granulomas on the 
peritoneal surface or within peritoneal adhesions is 
reported in 20 patients subjected to a second laparotomy. 
Evidence is presented to show that starch granuloma 
formation is common in the early months following 
operation and that adhesions associated with starch 
granulomas cause intestinal obstruction. It is suggested 
that although starch is usually absorbed within 2 years, 
associated band adhesions may persist. Glove powder 
contamination of the peritoneal cavity may thus be a 
common cause of band adhesion obstruction. 


THE pathological changes which may follow the 
introduction of starch glove powder into the peritoneal 
cavity can lead to three situations of clinical signifi- 
cance. First, foreign body granulomas may form on the 
peritoneal surface and develop into nodules which 
are macroscopically indistinguishable from metastatic 
malignant or tuberculous nodules. Histological 
differentiation by frozen section may be required. 
Secondly, a more severe response may lead to starch 
peritonitis, This is a well-recognised although rare 
phenomenon occurring a few weeks after operation 
and characterized by abdominal pain and distension, 
fever, ascites and the presence of starch in the fluid 
obtained on abdominal paracentesis. Finally, granu- 
lomas due to starch may be associated with peritoneal 
adhesion formation. 

While it is accepted that starch may initiate ad- 
hesion formation, the frequency with which this 
occurs, and therefore the clinical significance of 
starch contamination in the overall problem of 
adhesion formation, is poorly defined. This paper 
provides further clinical information relating to the 
frequency and probable natural history of peritoneal 
starch granuloma and adhesion formation. 


Patients and methods 

During the 6-month period from 1 November 1975 to 30 April 
1976, 20 patients who had previously had a single abdominal 
operation underwent laparotomy for a variety of reasons. At 
the second operation a search was made for peritoneal nodules 
and band adhesions. When present, up to three of each were 
excised for examination, and in cases of intestinal adhesion 
obstruction, the responsible band adhesion was similarly 
removed. The time interval between the first and second 
operation was noted. 

Thin paraffin sections of the excised specimens were 
examined histologically by haematoxylin and eosin and 
periodic acid—Schiff staining, and a search was made for starch 
within any granulomas found. Starch was identified by 
recognition of a rounded particle showing specific Maltese- 
cross birefringence under polarized light. 


Results 

Of the 20 patients studied, peritoneal nodules and 
adhesions subsequently found to contain starch 
granulomas were obtained from the following patients. 


Case 1: July 1975. Gangrenous compound volvulus of sigmoid, 
treated by small bowel resection with anastomosis and 


Hartmann’s procedure. November 1975. Restoration of 
continuity of the colon and closure of colostomy. Multiple 
adhesions and granulomas containing starch were found. 


Case 2: May 1974. Stab injuries to jejunum and transverse 
colon sutured. November 1975. Band adhesion small 
bowel obstruction. The responsible adhesion contained a 
starch granuloma. 


Case 3: September 1975. Laparotomy and colostomy for 
fibrous ischaemic stricture of the sigmoid colon. November 
1975, Total colectomy and iliorectal anastomosis. Multiple 
adhesions and granulomas containing starch were found. 


Case 4: October 1975. Sigmoid resection with double-barrel 
colostomy for a paracolic abscess following local perforation 
consequent upon blunt trauma. December 1975. Closure of 
colostomy. Starch granulomas and adhesions were present. 


Case 5; December 1975. Total oesophagectomy for carcinoma, 
with reconstruction by cervical oesophagogastrostomy. 
December 1975. Laparotomy and widening of hiatus for 
fibrous narrowing causing obstruction. Multiple starch 
granulomas were present. 

Case 6: November 1975, Proximal colostomy and laparotomy 
for irradiation of rectovaginal fistula. December 1975. Colon 
bypass of fistula with colo-anal anastomosis after excision of 
rectum. Multiple adhesions and starch granulomas were 
present. 

Case 7: August 1975. Gangrenous compound volvulus of 
sigmoid, treated by small bowel resection with anastomosis and 
Hartmann’s procedure. December 1975. Restoration of con- 
tinuity and closure of colostomy. Multiple adhesions and 
starch granulomas were present. 

Case 8: October 1974. Defunctioning colostomy for irradiation 
of rectovaginal fistula. January 1976. Bypass of fistula using 
colon with colo-anal anastomosis after excision of rectum. 
Multiple adhesions and starch granulomas were present. 

Case 9: October 1975. Palliative excision of rectum with colo- 
anal anastomosis for malignant carcinoid tumour of the 
rectum. Colostomy performed. April 1976. Closure of 
colostomy. Adhesions and granulomas were present. 

Case 10. April 1974. Laparotomy with suture of lacerated 
small bowel due to stab injury. April 1976. Small bowel band 
adhesion obstruction. The responsible adhesion contained 
starch granulomas. 


The 10 patients in whom no evidence of starch 
granulomas or adhesions containing starch were 
found included 6 with adhesions and 4 without. 
These patients had initially undergone emergency 
operations for either colonic (5) or gastric (2) path- 
ology, or for stab injury to the small bowel (3). 

Considering both groups, at the second operation 
starch granulomas were present within adhesions in 
6 of the 15 patients with adhesions and within 
adhesions in 2 of the 4 patients presenting with 
intestinal band obstruction. Where band adhesions 
were found which contained starch granulomas, the 
latter were identified macroscopically as nodules 
within the adhesion and were situated at or near the 
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attachment of the adhesion to the parietal or visceral 
peritoneum. 

In the 10 patients who were found to have starch 
granulomas within peritoneal nodules or adhesions, 
the time interval between the first and second opera- 
tion was less than 24 months. In 7 of the 10 patients 
this interval was less than 12 months, the average 
being 5-5 months. Those adhesions containing starch 
granulomas in patients whose initial laparotomy had 
occurred more than 3 months previously appeared to 
have a mature structure. 

In those cases showing no evidence of starch granu- 
lomas, only 2 of the 10 underwent the second opera- 
tion within 24 months of the first. The time interval 
between operations in this group ranged from 4 to 115 
months, with an average of 52-5 months (Fig. D). 

The original pathology and type of operation 
covered a similar spectrum in both groups (Table J). 
Peritoneal contamination from open bowel due to 
perforation or emergency resection occurred in 9 
patients in whom no starch granulomas formed. In 4 
patients in whom granulomas developed, no con- 
tamination occurred at the time of the original 
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Discussion 

Autopsy studies confirm the frequency with which 
peritoneal adhesions follow abdominal surgery and 
show that these often take the form of bands which 
may predispose to intestinal obstruction, and within 
these bands foreign body granulomas are frequently 
present. In an assessment of 725 subjects at autopsy, 
Weibel and Majno (1973) found adhesions in 68 per 
cent of subjects following surgery compared with 
25 per cent in those who had not undergone previous 
operations. Adhesions which formed spontaneously 
were distributed entirely as sheets, whereas those 
which occurred after surgery usually included firm 
bands. Histological examination of these band 
adhesions in 55 cases showed that 65 per cent con- 
tained foreign body granulomas. These findings have 
been confirmed in other reports, such as that of 
Myllarniemi (1967), where microscopic examination 
of adhesions found at laparotomy in 309 patients 
showed foreign body granulomas in 61 per cent. 

These observations on the relationship between 
foreign body granulomas and adhesions are supported 
by evidence from experimental studies in which 
adhesions have been seen to result from contamination 
of the peritoneum by talc (Myllarniemi et al., 1966) 
and starch (Myers et al., 1960). There is thus little 
doubt that granulomas may form following the 
introduction of foreign material into the peritoneal 
cavity and that these may initiate adhesion formation. 
The high incidence of such adhesions reported in the 
early literature is partly explained by the then 
prevalent use of talc as a glove lubricant. However, 
the same consequences have been shown to follow 
contamination with other foreign substances such as 
starch, lint from swabs and a variety of suture 
materials (Myllarniemi, 1967). 

Despite the initial suggestion to the contrary (Lee 
and Lehman, 1947), the introduction of corn starch 
as a glove lubricant in place of talc was followed by 
reports of granuloma and adhesion formation and of 
cases of starch peritonitis (Lee et al., 1952; Myers 
et al., 1960). The frequency with which these changes 
occur with the use of starch has not been clarified. 


Fig. 1. The time interval (months) between operations in the 
two groups. 


Table I: INITIAL OPERATION OR PATHOLOGY IN 
THE TWO GROUPS 


Starch Starch 
Primary operation or granulomas granulomas 
pathology absent present 
Colon resection or colon 4 5 
perforation 
Small bowel perforation 3 1 
Laparotomy and colostomy 1 3 
Others 
Perforated peptic ulcer 2 ~— 


Total oesophagectomy i 


The commonly used corn starch preparation Bio-sorb 
contains small amounts of magnesium oxide. This 
excites a similar reaction in tissues, but probably plays 
a minor role (Myllarniemi et al., 1966). Recent 
electron microscope studies have shown that talc 
contamination of starch powder may occur during the 
preparation of Bio-sorb, but that this can be avoided 
(Henderson et al., 1975). 

Starch is slowly absorbed from the peritoneal 
cavity. Experimental studies in the rabbit demonstrate 
that it disintegrates and is usually completely absorbed 
within 6 months of introduction (Myllarniemi et al., 
1966). However, the rate of removal depends partly 
on the amount present (Myers et al., 1960; Jagelman 
and Ellis, 1973), and clumping of starch particles 
delays absorption (Lee et al., 1952). The nature of the 
tissue reaction to starch is not fully understood and 
may influence events. It has been suggested that this 
involves corn starch sensitization in some individuals 
(Goodacre et al., 1976). Previous clinical reports 
show that starch granulomas are usually identified 
during the early postoperative period, but may 
occasionally be found up to 20 months after the 
introduction of the material into the peritoneal cavity 
(Hartmann and Ignatius, 1972). In one case in the 
present study a starch granuloma within a band 
adhesion causing intestinal obstruction was found 23 
months after the initial operation. 
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On the evidence available from the present study, 
therefore, it is concluded that starch may persist for 
at least 2 years before absorption is complete. In the 
normal course of events, many postoperative fibrinous 
adhesions are subsequently absorbed. In the present 
study, however, the histological examination of 
adhesions present for more than a few months after 
surgery shows that after this time interval these 
adhesions have a structure which suggests that they 
are likely to be permanent. It therefore seems reason- 
able to assume that those adhesions formed following 
the development of a starch granuloma may, if 
sufficient time is available, develop a permanent 
structure, and that the contained starch may subse- 
quently be absorbed. If this is the case, the true 
incidence of obstructing band adhesions due to starch 
is not possible to measure. However, it is likely to be 
related to the incidence of starch granuloma formation 
in the early postoperative phase. 

The present study of 20 patients includes 12 in 
whom the second laparotomy was performed within 
2 years of the first. Starch granulomas were present in 
10 of these 12 cases, suggesting that granuloma 
formation in the early months after surgery is a 
common phenomenon, especially since the tissue 
selected for examination was macroscopically recog- 
nizable as a nodule or a thickening in an adhesion. 
Previous studies have shown that macroscopically 
visible starch granulomas form a small proportion of 
those which can be detected by more detailed histo- 
logical examination of adhesion material (Saxen and 
Saxen, 1965). 

Many other factors have been incriminated in the 
aetiology of postoperative peritoneal adhesions. The 
finding in the present study that starch granuloma 
formation appeared unrelated to the type of operation 
or to peritoneal contamination by bowel contents 
suggests that these factors are of little or no relevance 
in the development of starch granulomas and subse- 
quent adhesions. 

The measures taken to remove powder from the 
glove surface prior to the original operation in 
individual cases in the present study are not recorded. 
The likely procedure would have been the fairly 
standard practice of a single wash in a bowl of 
sterile water. Other reported methods have reduced 
the amount of glove powder further, but not elimina- 
ted it (Nash, 1973; Kent et al., 1975). Glove manu- 
facturers have as yet failed to formulate a practical 
method of glove production excluding starch powder 
(Nash, 1973). 

The conclusions which may be drawn from this and 
other studies are: first, that starch contamination of 


the peritoneal cavity is usual; secondly, that starch 
granuloma formation is common during the early 
months after operation; thirdly, that there is a cause- 
and-effect relationship between foreign body granu- 
lomas and adhesion formation; and finally, that 
although starch is absorbed with time, histological 
and clinical evidence suggests that the associated 
adhesions may persist and subsequently cause 
intestinal obstruction. Starch contamination may 
thus be a more important factor in the development 
of band adhesions causing postoperative intestinal 
obstruction than is commonly realized. 
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Intersphincteric excision of the rectum 


J. A. LYTTLE AND A. G. PARKS* 


SUMMARY 

Wide excision of the rectum in inflammatory bowel 
disease is both unnecessary and undesirable as the 
healthy pelvic floor is damaged and the pelvic nerves 
put at risk. An operative technique is described which 
includes dissection of the anal canal and rectum in the 
intersphincteric plane, i.e. the plane of fusion between 
the visceral rectum and anal canal and the somatic 
pelvic musculature, which minimizes these undesirable 
elements. 

Fifty-three cases are presented. Perineal wound heal- 
ing rates are comparable with those of other methods 
of resection and only I of 14 men reported partial 
sexual dysfunction following this operation. 


In excising the rectum for neoplastic conditions there 
is general agreement that wide excision including the 
regional lymphatic drainage is necessary. When deal- 
ing with benign inflammatory conditions this is both 
unnecessary and potentially damaging, particularly 
with regard to interference with sexual function in 
the male and to removal of normal pelvic musculature. 
As many of the patients concerned are in younger age 
groups than those with carcinoma, attention has been 
given to developing suitable operative techniques to 
minimize these hazards. 

Long and Bernstein (1959) described the anatomy 
of the pelvic autonomic nerve supply with particular 
regard to operative damage. Sympathetic nerve fibres 
from the first lumbar segment pass to the aortic plexus 
and run down over the sacral promontory to the hypo- 
gastric plexus. This in turn sends fibres to the bilateral 
pelvic plexuses which, in addition, receive parasympa- 
thetic fibres through the nervi erigentes from the 
second, third and fourth sacral levels. Fibres pass 
anteriorly on either side of the rectum to the prostatic 
plexus. Damage to the nervi erigentes may also occur 
at the level of aortic, pelvic and prostatic plexuses but 
Long and Bernstein suggest that bilateral damage is 
necessary to produce a clinical defect in sexual func- 
tion. It is generally stated that parasympathetic fibres 
mediate erection and sympathetic fibres ejaculation. 

Daly (1968) pointed out that in the standard opera- 
tion of synchronous combined excision the pelvic 
nerves subserving sexual function are at risk during 
ligation of the middle rectal arteries, during lateral 
mobilization of the rectum through lateral ligament 
traction and during perineal dissection beneath the 
sacral fascia. He therefore advocated that dissection 
should be in a plane close to the rectum. Svenson 
(1958) recommended a similar plane of rectal dissec- 
tion in his operation for Hirschsprung’s disease. 
Watson (1951) emphasized the importance of Wal- 
deyer’s fascia during perineal dissection, as if this 
was not divided the plane of dissection would lead 
directly to the pelvic nerves. 

Smith and Ballantyne (1968) recommended that 
the abdominal operator should define the appropriate 
plane first from above before the perineal dissector 
divided the pelvic fascia. Other authors (Stahigren 
and Ferguson, 1959; Barker, 1961; May, 1966) have 


all recommended close dissection of the rectum and 
May also mentioned avoidance of wide dissection of 
the levator ani muscles. Lee and Dowling (1972) de- 
scribed a further technique in which the perineal 
dissector mobilized the rectum anteriorly close to the 
rectal wall and the abdominal dissector mobilized it 
posteriorly to the level of the coccyx. Lateral dissec- 
tion was deferred until the anterior and posterior 
planes were complete. They commented that the 
external sphincter muscles are usually excised “but 
it may be possible to retain them’. 

The following technique is developed from that 
described by Parks (1967) for repair of anal sphincters 
in rectal prolapse. It involves mobilization of the 
anal canal in the intersphincteric plane with close 
excision of the rectum (Fig. 1). 

The principle of the operative technique is based 
on the fact that there is an embryonic plane of fusion 
between the visceral structures, ie. rectum and anal 
canal, and the surrounding somatic tissues, the most 
important of which are skeletal muscles of the pelvic 
floor. This is a plane which can fairly easily be identi- 
fied and across which no essential nerve or blood 
supply passes. The aim is to remove the viscus without 
damaging the skeletal muscles. The neurovascular 
supply to these muscles comes from the external 
surface and, therefore, a dissection within their arc 
will do the nerve supply no damage. 


Method 

From the abdominal aspect the operation is conducted in a 
manner similar to that of Svenson’s operation for 
Hirschsprung’s disease; i.e. the tissues around the rectum are 
incised close to the bowel wall and stripped off it down to the 
lower part of the ampulla. This dissection is tedious because 
one has to ligate or diathermize many small blood vessels 
whereas, in the standard technique for excision of the rectum 
for carcinoma, the superior haemorrhoidal artery is divided 
well away from the bowel itself. Particular care is taken to 
keep close to the rectal wall in the neighbourhood of the lateral 
ligaments as it is here that the nervi erigentes may be damaged 
as they pass from the second and third sacral outflow into the 
pelvic plexus of nerves and then forwards into the base of the 
bladder and prostate. Anteriorly, the peritoneum is divided 
behind the bladder and the seminal vesicles identified. The 
plane between Denonvillier’s fascia and the vesicles is carefully 
explored and the vesicles pushed forward away from the 
rectum. With gentle blunt dissection the tissues adjacent to the 
vesicles are pushed laterally so that the nerves etc. are kept out 
of danger’s way. Denonvillier’s fascia is then itself incised to 
allow access.to the fat in front of the lower rectum. 

The perineal operator makes a skin incision in the mid-line 
anteriorly, splitting to enclose the anal canal, but does not 
take it far laterally over the ischiorectal fossa (Fig. 2). The next 
step is to identify the lower border of the external sphincter 
and, by gentle blunt dissection, to push it laterally off the 
internal sphincter (Fig. 3a). This plane, which is called the inter- 
sphincteric plane, is usually not difficult to find provided that 
there are no anal fistulas present. In the normal person this 
plane is almost bloodless, but in those with inflammatory 





* St Mark’s Hospital and the London Hospital. 
Present address of J. A. Lyttle: Department of Surgery, Guy's 
Hospital, London. 
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Fig. 3. a, Mobilization of the rectum. b, Anal sphincters and 
pelvic muscles after removal of the rectum. 


disease there may be small arteries crossing it and these have 
to be dealt with by diathermy. The intersphincteric plane is then 
identified on both sides and posteriorly. Anteriorly, the 
longitudinal muscle of the anal canal is adherent to the perineal 
body and dissection is somewhat more difficult, but it is much 
easier if the lateral and posterior planes have already been 
identified. 

Using retractors, the external sphincters are then drawn 
away from the visceral anal canal so that the plane between the 
upper anal canal and the puborectalis becomes visible (Fig. 3b). 
Once this level has been reached the dissection is usually much 
easier as the tissues are less adherent. The plane of dissection 
is once more kept close to the visceral wall. Waldeyer’s fascia is 
identified and divided. The fat surrounding the lower rectum is 
then dissected off the viscus, a manœuvre which again necessi- 
tates coagulation of innumerable small bleeding vessels. The 
area of the abdominal dissection is reached and the two joined. 
The rectum is then free and can be removed. 

In this way, all the anal external sphincters are conserved as 
well as the puborectalis and the levator ani muscles. The 
patient is therefore left with a muscular pelvic floor which can 
be shown by electromyographic means to function quite 
normally. Preservation of the fat around the rectum means 
that the pelvic cavity is quite small at the end of the operation 
and there is not much dead space in which a haematoma can 
accumulate and form an abscess. This is important because, 
were it to do so, the anal sphincters would inhibit free drainage 
from the pelvis. It is wise to sew in a fairly large tube drain and 
to apply suction on this for the first few days. It can be left in 
for a week, by which time the tissues have closed around it and 
it can then be removed by degrees. 


Results 

A total of 53 cases is presented, 39 having ulcerative 
colitis, 13 having Crohn’s disease and 1 case of procto- 
colitis of uncertain type. Thirty-five patients were 
women and 45 of the patients were aged under 60 
years (Table I). 

Sixteen patients had total proctocolectomy as the 
main procedure and most of the others had colectomy 
with oversewing of the rectal stump or fashioning of 
a cutaneous rectostomy. Three patients had a previous 
ileorectal anastomosis and one an ileosigmoid anasto- 
mosis. 


Mortality 

There was no operative mortality. One patient died 
of unrelated causes 1 year after surgery and another 
of intestinal obstruction 6 years after excision. 
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A significant advance in 
the management of septic shock 


The high risk of toxic reactions is often 
the reason for delaying the introduction of 
catecholamine therapy in septic shock. With 
the availability of Intropin (dopamine HCI), 
however, this situation has changed. Not only 
does Intropin significantly increase cardiac 
output and vital organ perfusion, it does so 






with few undesirable side effects. To quote 
from a recent symposium:* 

“dopamine is probably the safest of the 
inotropic agents to start with...” 

“... inotropic support with dopamine would 
constitute part of the routine management of 
the patient with septic shock.” 
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Complications 

Ulcerative colitis: Of the 39 patients operated on with 
ulcerative colitis, 5 had infective complications, chiefly 
in the perineal wound, though one presented with 
an ovarian abscess 6 months postoperatively. All but 
one of these patients had healed perineal wounds by 
9 months. In the fifth, a perineal sinus persisted at 4 
years. 

Five other patients had complications of bleeding 
in the perineal wound, 3 requiring packing, and 2 
others developed a postoperative haematoma. In all 
cases the perineal wounds were healed by 6 months. 

In addition, one patient had a right iliac fossa 
fistula which healed spontaneously and one required 
laparotomy for a small bowel volvulus 2 years after 
operation. 

Two patients required laying open and curettage 

of the perineal wound; one healed at 18 months but 
the other had a persistent sinus for 11 years. 
Crohn’s disease: Of the 13 patients operated on, one 
had a perineal abscess but was healed by 4 months. 
Three others required laying open or curettage of a 
perineal sinus but healed within a period of 8-19 
months. One patient had a right iliac fossa fistula 
which healed over 2 years. 


Perineal wound healing 
Of 39 patients with ulcerative colitis, 59 per cent had 
healed perineal wounds at 6 months after operation 
and 85 per cent were healed by 1 year. 

Of 13 patients with Crohn’s disease, 38 per cent 
had healed perineal wounds at 6 months and 54 per 
cent were healed by 1 year. 


Sexual function 

A total of 18 men were operated on. In 14 of the 15 
cases where information was available, no disturbance 
in sexual function was reported. In one man, aged 54, 
there was disturbance of ejaculation, though not of 
erection. 


Discussion 


Wound healing 

Several authors have noted the rate of healing of the 
perineal wound (Table ID. Though the number of 
cases healed at 6 months in the present group is lower 
than in some series, the results at 1 year are satis- 
factory as in most of the unhealed cases only small 
sinuses persisted. In particular these results compare 
well with the large series of Ritchie (1972). 

Factors implicated in delay of wound healing, 
usually defined as the presence of an unhealed wound 
at 6 months from operation, are varied. Watts et al. 
(1966) found administration of steroid therapy within 
6 months of operation and local infective complica- 
tions preoperatively to be associated with slower 
healing and found a general delay in female patients. 
Jalan et al. (1969) also found delay in women, particu- 
larly those in whom perineal packs had been em- 
ployed, and also noted delay following wound sepsis 
or in cases operated on in a severe attack of the 
disease, but he did not note delay in patients treated 
with steroids. In this series no male preponderance 
occurred, and recent steroid treatment did not appear 
a factor. Preoperative perineal sepsis, marked in 8 
cases, did not appear to delay healing unduly as 5 
of these cases were healed by 6 months, though 2 
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Table I: DISTRIBUTION OF THE CASES  —ć 
ACCORDING TO AGE, SEX AND CONDITION 


Age (yr) . 
Sex Condition 20 20-39 40-59 60 
Male Ulcerative colitis 1 4 6 2 
Crohn’s disease _ 3 1 1 
Female Ulcerative colitis _ 8 14 4 
Crohn’s disease — 4 3 1 
Idiopathic _— mem Í eee 
Total 1 19 25 8 


Table IE: HEALING RATES 


No. of “% healed % healed. 
Author cases by6mth by i yr 
Watts et al. (1966) 93 75 mae 
Jalan et al. (1969) 106 44 oo 
Bertrand et al. (1970) T — 57 
Ritchie (1971) 222 54-5 73 
Ritchie (1972) 157 51 77 
Lee and Dowling (1972) 24 79 — 
Ulcerative colitis and 
Crohn’s disease 
Present series 13 38-4 53-9 
Crohn's disease 
Present series 39 58-9 84-7 


Ulcerative colitis only 


Table III: SEXUAL FUNCTION 


No. of Dysfunction (0% 
Author cases Partial Complete 

Stahlgren and Ferguson (1959) 25 20 ae 
Donovan and O'Hara (1960) Zi 4-8 4-8 
Bacon et al, (1960) 39 — 2°6 
Watts et al. (1966) 4! 9-8 17:1 
May (1966) 46 65 17-4 
Daly (1968) 36 2-8 8-3 
Present series 15 6:7 0 


of the remainder had sinuses persisting at 2 and 11 
years. Patients with Crohn’s disease were slower to 
heal. 


Sexual function 

It is well known that impotence may follow any rectal 
excision and every effort must be made to avoid this 
in a young population. When excising the rectum for 
malignant conditions, where a wider excision is desir- 
able, in an older age group of patients an appreciable 
incidence of dysfunction might be anticipated. 
Goligher (1951) reported 95 cases with one-third 
having temporary and a further one-third permanent 
impotence or failure of ejaculation. Aso and Yasu- 
tomi (1974) found 85 out of 101 men with diminished 
or absent sexual function after surgery. 

Opinions as to the hazard to sexual function in- 
volved in excising the rectum in inflammatory condi- 
tions in males have varied from that of Brooke (1956), 
who did not find this complication, to Stahlgren and 
Ferguson (1959), who reported a 25 per cent inci- 
dence of partial dysfunction (Table III). In a series of 
303 ileostomists, Burnham (1976) found an overall 
incidence of dysfunction of 29 per cent. While the 
number of males in this series is small, only one man 
reported a partial dysfunction postoperatively. The 
effect on sexual function in female patients is un- 
known, 
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Results of colectomy for diverticular 


disease of the colon 


F. M. L. CHARNOCK, J. R. RENNIE, J. M. WELLWOOD ANDI. P, TODD? 


SUMMARY `^ 

A retrospective study of 71 patients who had a colonic 
resection for diverticular disease at one hospital during 
a 7-year period was undertaken. Patients were divided 
into those undergoing surgery for complications of 
diverticular disease (49) and those in whom abdominal 
pain and an altered bowel habit were attributed to the 
presence of diverticular disease in the absence of any 
detectable complication (22). In both groups major 
complications occurred after operation. The incidence 
of complications was greater when surgery was under- 
taken in stages to effect colonic resection and restoration 
of intestinal continuity. Symptoms were more often 
cured or relieved in those patients undergoing surgery 
for complicated diverticular disease than in those with 
‘uncomplicated’ disease. These poor results may be due 
to incorrectly attributing symptoms to diverticula 
which happened to be present. 


DIVERTICULAR disease of the colon is the commonest 
pathological condition of the large bowel in adults 
in Great Britain (Ellis, 1970; Parks, 1970; Painter et 
al., 1972). There are many patients who have no 
symptoms but who have colonic diverticula radio- 
logically (Fleischner et al., 1964; Manousos et al., 
1967; Parks, 1970), whilst others have an altered 
bowel habit and recurrent abdominal pains which 
may be attributed to diverticular disease. The indica- 
tions for surgery in the treatment of patients with 
such symptoms are controversial, particularly as good 
results may be obtained by using high bulk agents 
such as bran (Hodgson, 1972; Painter et al., 1972; 
Findlay et al, 1974; Taylor and Duthie, 1976). 
However, complications of diverticular disease, such 
as colonic perforation or fistula formation, cause 
serious ill health or death, and surgical treatment is 
mandatory. 


Patients and methods 

A retrospective survey of all patients who underwent resection 
of the colon for diverticular disease and its complications at 
St Bartholomew’s Hospital between 1965 and 1972 was under- 
taken to evaluate the results. 

Information was obtained from a study of the hospital 
records of 88 patients in whom histological examination of 
excised specimens had confirmed the presence of diverticular 
disease. Data were incomplete in 17 patients and these were 
excluded, leaving 71 patients for study. Further information 
about 40 of these patients was obtained from questionnaires 
completed by general practitioners, and 25 patients attended 
the hospital for interview. 


Results 

There were 36 male and 35 female patients. The mean 
age at operation was 60 years (range 25-86 years). 
The minimum period of follow-up after operation was 
1 year and the maximum was 9 years. 

Some form of colectomy, usually sigmoid or left 
hemicolectomy, was performed for the complications 
of diverticular disease (Table 1) in 49 of the patients, 
though some of the procedures were staged. In 22 


35 


of the patients a colonic resection was undertaken for 
symptoms of abdominal pain and abnormal bowel 
habit without complications (Table IH). These symp- 
toms had been attributed to diverticular disease in the 
absence of any evidence of inflammatory or other 
changes (‘uncomplicated’ diverticular disease). These 
two groups will be discussed separately. They were 
operated upon by non-specialized general surgical 
consultants and registrars. 


Table 1: INDICATIONS FOR COLONIC 
RESECTION IN 49 PATIENTS WHO DEVELOPED 
COMPLICATIONS OF DIVERTICULAR DISEASE 
OF THE COLON 


Patients 
Complication No. ae 
Intra~abdominal mass or abscess 15 31 
Fistula 
Vesicocolic (7) 9 18 
Vesicovaginal (1) 
Caecosigmoid (1) 
Generalized peritonitis 
Purulent (4) > 9 18 
Faecal (5) 
Intestinal obstruction 8 16 


Massive haemorrhage 8 16 


Table IH: SYMPTOMS FOR WHICH COLECTOMY 
WAS UNDERTAKEN IN 22 PATIENTS WITH 
UNCOMPLICATED DIVERTICULAR DISEASE 


Patients 
Symptoms No. A 
Abdominal pains Left side 12 57 
21 patients (96%) Left and right side 7 33 
Right side 2 10 
Abnormal bowel habit Loose, frequent stools 6 32 
19 patients (8622) Constipation 5 26 
Alternating diarrhoea 6 32 

and constipation 

Frequent small faecal 2 ij 


pellets 


Colectomy for complications of diverticular disease 
Eighteen of the 49 patients (37 per cent) undergoing 
colectomy for complications of diverticular disease 
had no history of abdominal pain or abnormal bowel 
habit before admission to hospital. Thirty-one (63 per 
cent) had previously complained of abdominal pain 
and altered bowel habit which had been attributed to 
the diverticular disease present. The duration of 
these symptoms is shown in Table IH. Resection of the 
left colon was carried out in all patients except 3 
(total colectomy, 2; right hemicolectomy, 1). Seven- 
teen of the patients (34 per cent) had an initial 
defunctioning colostomy and in these resection and 
restoration of intestinal continuity was effected in two 
or three stages. 

One or more major postoperative complications 
occurred in 25 patients (51 per cent) (Table IV). Two 


* St Bartholomew’s Hospital, London. 
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Table HI: DURATION OF SYMPTOMS ATTRIBUTED 
TO DIVERTICULAR DISEASE IN 31 PATIENTS WHO 
REQUIRED COLECTOMY AFTER DEVELOPING A 
COMPLICATION OF DIVERTICULAR DISEASE 


Duration of symptoms before Patients 

development of complication No. we 
<i} year 14 45 
1-5 years 7 23 
> 5 years 10 32 


Table IV: MAJOR COMPLICATIONS OCCURRING 
AFTER COLONIC RESECTION (SOME PATIENTS 
HAD MORE THAN ONE COMPLICATION) 


‘Staged’ Single 
procedure operation 
(17 patients) (32 patients) 
Complication after operation No. °% No. A 
Death 3 18 0 0 
Respiratory/cardiovascular/ 5 29 5 16 
thrombo-embolic 
Anastomotic dehiscence with 6 35 5 16 
faecal fistula 
Abdominal or pelvic abscess 2 12 1 3 
Intestinal obstruction 2 12 2 -6 
Abdominal wound dehiscence 0 4 13 
Incisional hernia 4 24 5 16 


Figures are given separately for patients undergoing resection 
with restoration of intestinal continuity in two or more stages 
and for patients in whom resection and restoration of 
continuity were completed in one operation. 


Table V: THE POSTOPERATIVE COMPLICATIONS 
IN 12 OF THE 22 PATIENTS UNDERGOING 
COLONIC RESECTION FOR SYMPTOMS 
ATTRIBUTED TO DIVERTICULAR DISEASE 


Patients 

Complication No. pA 
Death 0 0 
Respiratory/cardiovascular/ 2 9 

thrombo-embolic 

Anastomotic leak/faecal fistula 4 18 
Intra-abdominal/pelvic abscess 2 9 
intestinal obstruction 2 9 
Abdominal wound dehiscence 0 $) 
incisional hernia 5 23 


Table VI: THE RESULTS OF COLECTOMY IN 
PATIENTS WHOSE SYMPTOMS WERE 
ATTRIBUTED TO UNCOMPLICATED DIVERTICULAR 
DISEASE 


Patients 
Symptom Result No. vA 
Abdominal pain Cured 6 28 
21 patients Improved 5 24 
Unchanged 8 38 
Worse 2 10 
Abnormal bowel habit Improved 13 68 
19 patients Unchanged 4 21 
Worse 2 10 


of the 3 deaths were due to cardiorespiratory failure 
and the third was from pulmonary embolism. More 
patients who had a staged procedure suffered compli- 
cations (12 out of 17, 71 per cent) than with a single 
operation (13 out of 32, 40 per cent). This difference 
is significant at the 5 per cent level (y* = 3-96). The 
mortality and the incidence of cardiorespiratory 
complications, anastomotic dehiscence, pelvic abscess, 


intestinal obstruction and incisional hernia were all 
greater after staged procedures. The number of 
complications per patient in the two groups was 1-3 
and 0-7, respectively. 

Twenty-four of the 31 patients (77 per cent) in 
whom symptoms attributed to diverticular disease 
preceded their emergency admission with a complica- 
tion became asymptomatic after partial colectomy. 
Three of the 18 patients (17 per cent) who were 
asymptomatic before their emergency admission 
complained of some abdominal pain or bowel 
disturbance after operation. 


Colectomy for uncomplicated diverticular disease 

All 22 patients who underwent resection of the colon 
for uncomplicated disease had complained of symp- 
toms which had been attributed to diverticular 
disease (Table H) for between 6 months and 30 years 
(mean 6 years). The presence of colonic diverticula had 
been demonstrated in all cases by a barium enema. 
All except 1 patient complained of abdominal pain 
and all but 3 complained of an abnormal bowel habit. 
Conservative treatment had failed to alleviate 
symptoms. A left colectomy was carried out in 21 
patients and a subtotal colectomy in 1. None of these 
patients had a colostomy. 

Major complications occurred after operation in 
12 of these 22 patients (55 per cent), notably dehi- 
scence of the intestinal anastomosis with faecal 
fistula (4 patients, 18 per cent) and incisional hernia 
(5 patients, 23 per cent, Table V}. 

The number of patients whose symptoms were 
relieved after colectomy was disappointingly small, 
as shown in Table VI. Fifteen patients (64 per cent) 
attended for interview and questionnaires were com- 
pleted for all 22 patients by their general practitioners. 
Abdominal pain was cured in only 6 of the 21 patients 
(28 per cent), though pain was less severe after opera- 
tion in another 5 (24 per cent). However, 2 patients 
(10 per cent) complained that their abdominal pain 
was worse after surgery. 

An improved bowel habit was noted by 13 of the 
19 patients (68 per cent) who had complained of 
abnormal actions before operation, though only 4 
(21 per cent) regarded it as completely normal. Two 
patients (10 per cent) complained that their bowel 
habit had deteriorated. 


Discussion 

The need for operation is clear when certain complica- 
tions of diverticular disease such as colonic perforation 
or fistula formation develop. More controversial is 
the role of colonic resection in the treatment of 
uncomplicated diverticular disease—supposedly caus- 
ing abdominal pain and altered bowel habit (Bolt and 
Hughes, 1966; Muir, 1966; Tagart, 1969; Penfold, 
1973). The patients in this series have been divided 
into those in whom colonic resection was undertaken 
for complications of diverticular disease and those in 
whom it was undertaken to alleviate symptoms 
attributed to uncomplicated diverticular disease. 

The incidence of major postoperative complications 
was greater in those patients having a staged resection 
than in those having a single operation. Patients who 
require two or three operations might be expected 
to develop more respiratory, cardiovascular and 
thrombo-embolic complications, and the increased 
incidence of such complications as anastomotic 


dehiscence could reflect the more serious disease found 
in patients who required a defunctioning colostomy 
or the greater technical difficulty experienced by the 
surgeon. Some of the patients who developed compli- 
cated diverticular disease had had no previous symp- 
toms. However, the majority of patients with 
symptoms attributed to diverticular disease before the 
development of the complication for which they had 
surgery were cured of these earlier symptoms (24 out 
of 31, 77 per cent). In this group, therefore, symp- 
tomatic cure was more common than in those who 
had a resection for symptoms attributed to uncompli- 
cated diverticular disease (Table VI). 

The disappointing results of colonic resection for 
uncomplicated diverticular disease confirm earlier 
reports (Tagart, 1969; Bolt, 1973). It is probable that 
in some of these patients symptoms of abdominal 
pain and altered bowel habit were incorrectly attribu- 
ted to the presence of colonic diverticula which are 
commonly asymptomatic. If surgery is to be advised, 
strict criteria are therefore necessary in patients with 
uncomplicated diverticular disease. 

Surgery may be indicated less frequently in the 
future as a result of the use of high residue diets and 
bulking agents. There is evidence that the development 
of the abnormality of colonic muscle found in 
diverticular disease may be prevented, if not reversed, 
by such dietary treatment (Brodribb and Humphreys, 
1976). When, however, an operation is indicated, the 
poor results of colectomy support the need for a 
safer surgical procedure in the treatment of un- 
complicated diverticular disease. The early promise of 
sigmoid myotomy (Reilly, 1964) has not been wholly 
fulfilled (Daniel, 1969; Smith et al., 1969; Dick, 1971). 
Transverse taenia myotomy (Hodgson, 1974) or even 
combined myotomy may prove to be more successful. 
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Acute ischaemic enteritis in Goa 
S. D. GUPTA, VASCO D’SILVA, A. V. SALELKAR AND M. REYS* 


SUMMARY 

Acute ischaemic enteritis is an uncommon condition 
which mainly affects young people. It is characterized 
by ischaemic changes in the small or large bowel which 
may be reversible in the early stages. The exact aetiology 
is not known. The condition may be due to toxins pro- 
duced by either roundworms or Gram-negative bacilli 
or may be due to a localized allergic reaction. It is 
possible to make a preoperative diagnosis in most cases 
from the presence of abdominal pain, bloody diarrhoea 
and shock. Conservative treatment may be best in early 
cases but surgery is necessary in those cases where 
gangrene or perforation has occurred. 


ACUTE ischaemic enteritis is an uncommon condition 
which occasionally manifests itself as a surgical emer- 
gency in Goa. It has been described by Zeissler et al. 


(1949), Headington et al. (1967) and Welch et al. 


(1975) in Thailand. In India it has not received much 
attention in the literature. Though it is rare, the 
clinical features are interesting and so we have thought 
it worth while to report this series. 


Patients and methods 

The series consists of 25 cases admitted to the Surgical 
Department of Goa Medical College, Panaji, between February 
1975 and June 1976. The diagnosis of ischaemic enteritis was 
made on clinical grounds, proved at operation and in 19 cases 
was confirmed by histopathology. In 6 cases this evidence was 
not available as resectional surgery had not been required. 

The ages of the patients varied from 3 to 20 years, except for 
one patient of 55 years. Males were predominant in the ratio 
of 4:1 (Table D. The duration of symptoms preceding 
admission ranged from 1 to 7 days. The commonest symptom 
was abdominal pain, which was present in 100 per cent of 
cases (Table 11). The pain was followed by diarrhoea or bloody 
diarrhoea. Blood was passed per rectum in 20 patients (80 per 
cent) and there was altered bloed in 2 patients (8 per cent). The 
latter 2 patients were admitted with haematemesis as well as 
melaena. This was followed by distension of the abdomen and 
eventually there was vomiting. There was a history of passing 
roundworms per rectum or from the mouth in 17 patients (68 
per cent). Pyrexia was present in 3 patients (20 per cent), 
ranging from 37-2 to 38-8 °C. Shock was evident in 60 per cent 
of the patients on admission and they also appeared toxic and 
drowsy. 

Haemoglobin varied from 6 to 10 g/dl. The leucocyte count 
ranged from 8000 to 18 000/mm*. Examination of the faeces 
showed the presence of blood in 88 per cent of cases. Culture 
of the intestinal contents was done in alj the cases and revealed 
klebsiella organisms, paracolon species, in 48 per cent, 
anaerobic organisms in 16 per cent while in 35 per cent of cases 
no organisms were found. On radiological examination 70 per 
cent of the erect anteroposterior abdominal films showed 
evidence of paralytic ileus with dilated loops of small bowel, 
and in 16 per cent fluid levels were present. No barium studies 
were done. 


Operative findings 

When necessary, patients were prepared for operation 
by nasogastric suction, intravenous fluids and blood 
transfusion. At laparotomy ischaemic changes were 
found to involve the jejunum in 17 patients (68 per 
cent), the ileum in 2 patients (8 per cent), the ileum 
and jejunum in 3 patients (12 per cent) and the whole 


Table I: AGE AND SEX DISTRIBUTION 


Male Female Total 
Age group No. yA No, DA No. We 
Q--5 5 20 3 i2 8 32 
6-10 7 28 2 8 9 36 
11-15 6 24 on 6 24 
16—20 1 4 — en l 4 
21-30 neg aa sa a ee. e 
31-40 a= a a et ps z one 
41-50 a bss ee DR es ea 
51-60 j 4 = — 1 4 
Total 20 80 5 20 25 100 
Table If: SYMPTOMS AND SIGNS 
Symptoms and signs No. of cases ns 
Abdominal pain 25 100 
Diarrhoea 12 4g 
Bloody diarrhoea 20 80 
Pyrexia 5 20 
Haemetemesis 2 8 
Nausea and vomiting 20 80 
Passing of roundworms 17 68 
Abdominal tenderness 15 60 
Abdominal distension 20 80 
Loss of bowel sounds 20 80 
Shock 15 60 
Drowsiness and toxicity 20 80 


Table Hi: OPERATIVE FINDINGS 
Operative findings No. of cases WA 


Ischaemic changes 


Jejunum (localized) i4 56 
Jejunum (diffuse) 3 12 
lleum Clocalized} 2 8 
Heum and jejunum {segmental} 3 12 
Colon and appendix 3 12 
Perforations 
Jejunum 6 24 
lleum 2 8 
Colon and appendix (multiple) 2 8 
Haemorrhagic fluid in intestinal lumen 19 76 
Roundworms in intestinal lumen 18 72 
Roundworms in peritoneal cavity 2 8 
Peritonitis 9 36 
Mesenteric lymphadenitis 25 100 


of the large intestine including the appendix in 3 
patients (12 per cent) (Table IID. Of these latter 3, 
2 showed multiple perforations in the ascending, 
transverse, descending and sigmoid colon, including 
the appendix which was also perforated. Perforations 
were also present in the affected jejunum in 6 cases 
(24 per cent) and in the ileum in 2 cases (8 per cent). 
The length of ischaemic segment varied from 15 to 
150 cm except for one patient in which practically all 
the small bowel was involved. In the early stages the 
intestine was thickened, oedematous, deep red in 
colour and spastic with a relatively narrow lumen 
which appeared to be the cause of dilatation of the 


* Departments of Surgery and Pathology, Goa Medical 
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Fig. 1. Spastic, congested, narrow and well-demarcated 
segment of jejunum with proximal dilatation of intestine. 





Fig. 2. Resected gangrenous segment of jejunum. 


proximal intestine (Fig. 1). In the later stages the 
affected segment was necrotic and gangrenous (Fig. 
2), with single or multiple perforations (Fig. 3). In 
one patient both the early and late stages of the dis- 
ease were seen simultaneously with the proximal 
jejunum as a thick spastic tube, while the distal 
jejunum was gangrenous with multiple perforations 
which were sealed by omentum. The ischaemic seg- 
ment was localized or diffuse or segmental (skip 
lesions). In the case of skip lesions, the area of transi- 
tion between the normal bowel and the affected seg- 
ment ranged between 3 and 12 cm. In localized cases 
there was a distinct line of demarcation visible. 
Mesenteric lymphadenitis was present in all 25 cases. 
There was reactionary fluid present in the peritoneal 
cavity in 48 per cent of cases and manifest peritonitis 
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Fig. 3. The affected ischaemic segment showing necrotic 
patches with multiple perforations. 





Fig. 4. Haemorrhagic mucosa with superficial ulceration. 


following perforation was present in 36 per cent. 
The affected ischaemic segment and the distal bowel 
contained blood in 76 per cent of the patients; round- 
worms were present in the intestine in 72 per cent. In 2 
patients (8 per cent) the roundworms had escaped 
through the perforation and were lying in the peri- 
toneal cavity. The mesenteric arteries were found 


422 S. D. Gupta et al. 





> 


Fig. 5. Haemorrhagic mucosa with deep ulceration. 
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Fig. 6. Patchy necrosis and sloughing of the mucosa with 
widening of the submucosa associated with dilated blood 
vessels. 


to be pulsatile with no evidence of arterial or venous 
thrombosis. 

On cutting open the resected intestine, the mucosa 
looked oedematous and haemorrhagic (Fig. 4) with 
superficial or deep ulcerations (Fig. 5). Microscopic- 
ally, there was haemorrhagic necrosis and ulceration 
of the mucosa, submucosa and muscularis mucosa 
(Figs. 6, 7). The muscular layer of the intestine also 
showed necrosis and intense inflammatory reaction 
(Fig. 8). 


Treatment and results 

Resection of the gangrenous segment with end-to-end 
anastomosis was done in 15 cases (60 per cent). Entero- 
stomy and biopsy, with removal of the roundworms, 








Fig. 7. Floor of the ulcer, surface debris and intense 
vascularization of the submucosa. 
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Fig. 8. Necrosis and inflammatory reaction in the muscular 
layer. 
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Table IV: TREATMENT 








Operation No. of cases yA 
Resection and end-to-end 15 60 
anastomosis 
Enterostomy 4 16 
Laparotomy 6 24 
Table V: MORBIDITY AND MORTALITY 
Cause of death No. of cases yA 





Wound dehiscence and peritonitis 5 
Faecal fistula 3 12 
Gram-negative toxaemia 4 





was done in 4 cases (16 per cent). In 6 cases (24 per 
cent) only laparotomy was done, as these patients 
presented with early changes and did not require re- 
section (Table IV). The peritoneal cavity was drained 
in 36 per cent of cases because of frank peritonitis. 

After operation all 25 patients received nasogastric 
suction, intravenous fluids and antibiotics, and hydro- 
cortisone was given in 5 cases. Thirteen patients sur- 
vived. Of the 12 who died (Table V), 5 developed 
dehiscence, 3 developed faecal fistula and 4 died of 
Gram-negative toxaemia. The average duration of 
hospital stay was 18 days. The overall mortality was 
48 per cent. 


Discussion 

Ischaemic enteritis is more common in younger patients. 
Twenty-four of these patients were aged between 1 and 
15 years, approximately the same age incidence as re- 
ported by Murrell et al. (1966) and in Welch’s series 
(Welch et al., 1975) in which 68 per cent of the 
patients were aged between 1 and 19 years. Males 
predominate in the ratio of 4 : 1; this also approxi- 
mates to the experience of Murrell et al. (1966) and 
also of Welch et al. (1975), who quote the male : 
female ratio as 7:3. The cause of the condition is 
not known. Zeissler et al. (1949) in Thailand, Egerton 
(1966) and Murrell et al. (1966) in New Guinea con- 
cluded that damage to the intestine was due to B- 
toxin produced by Clostridium welchii, cultured from 
the intestinal contents of their patients. Zeissler et al. 
(1966) showed that injecting of cultures of Clostridium 
welchii into guinea-pig intestine led to the develop- 
ment of intestinal necrosis. Murrell et al. (1966) con- 
sidered that the disease was due to ingestion of 
infected pork or to a localized allergic reaction. In 
the present series Clostridium welchii was identified 
in only 4 cases. 

A history of passing roundworms either per rectum 
or through the pharynx was present in 18 cases but 
produced intestinal obstruction in only 4. Biopsy of 
the intestine from these cases showed ulceration of 
the mucosa with inflammatory cell reaction. Gruber 
(1935) suggested that worms produce a necrotizing 
toxin which causes necrosis of the bowel wall. Kumar 
et al. (1973) described a case of gangrenous jejunum 
packed with roundworms in which, after resection of 
the segment, the mucosa showed marked congestion 
with inflammatory cell reaction. The most important 
clinical feature of this disease is abdominal pain, 
which was associated with macroscopic or micro- 
scopic bloody diarrhoea in almost all our cases. These 
patients were ill, toxic and drowsy. Fairly confident 
preoperative diagnosis of ischaemic enteritis was 
possible in the majority of these cases. These findings 
are in agreement with those of Welch et al. (1975), 
except that abdominal distension was present in 80 
per cent of our cases. This was also observed by 
Murrell et al. (1966). 

At operation, Headington et al. (1967) and Welch 
et al. (1975) found diffuse ischaemic changes in the 
small bowel but not in the colon. In the present series, 
the large bowel was diffusely ischaemic (including the 
appendix) in 3 patients, with multiple bowel perfora- 
tions in 2. All 3 of these patients died after operation. 
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The only patient in whom both early and late lesions 
were present had resection of the distal gangrenous 
segment, leaving intact the proximal segment with 
early changes. This patient subsequently made an 
uneventful recovery which strongly suggests that the 
early changes are reversible, as also did the recovery 
after laparotomy of those 6 patients in whom no re- 
section was done. This corresponds with similar obser- 
vations of Headington et al. (1967) and Welch et al. 
(1975). Non-operative treatment is preferable in the 
early stages. Piperazine citrate was also tried in 24 
per cent of cases. 

Surgery becomes mandatory if gangrene or perfora- 
tion occurs. This is in agreement with Headington 
et al, (1967) and Welch et al. (1975). The overall 
mortality was rather high, 48 per cent as compared 
to 14 per cent in the series of Welch et al. (1975), 
because of the late presentation of cases with perito- 
nitis following gangrene and perforation. 

Although the disease is not common, it does seem 
to need further investigation to define its cause. 
Epidemiology might shed some light on the aetiology 
of acute ischaemic enteritis (Black, 1966). 
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Changes in plasma lactate, phosphate and uric acid 
during postoperative carbohydrate infusion 
B. J. ROWLANDS, A. E. B. GIDDINGS AND R. G. CLARK * 


SUMMARY 

Eighteen patients undergoing elective abdominal surgery 
had pre- and postoperative carbohydrate infusion tests 
with glucose, fructose or sorbitol. All three substrates 
produced significant hyperlactataemia postoperatively, 
the elevations of plasma lactate with fructose and 
sorbitol infusion being significantly greater than with 
glucose. Plasma uric acid was unchanged but there were 
moderate falls in plasma phosphate postoperatively. 
Intravenous nutritional regimens containing fructose and 
sorbitol may potentiate the development of harmful 
metabolic acidosis in ‘at risk’ patients and should 
always be used cautiously. Glucose is the carbohydrate 
calorie source of choice. 


GLUCOSE infusions are often used as calorie sources 
in surgical patients. However, after major injury, 
sepsis or burns many patients exhibit a glucose 
intolerance which leads to hyperglycaemia and the 
loss of significant amounts of glucose in the urine. In 
these circumstances, it has been suggested that fructose 
and sorbitol may be better than glucose as energy 
sources. Fructose is rapidly metabolized by the liver 
and therefore disappears from the circulation more 
quickly (Smith et al., 1953). Sorbitol is also removed 
rapidly from the blood (Stetten and Stetten, 1951), is 
converted mainly to fructose in the liver and has 
similar protein-sparing and antiketogenic effects 
(Bye, 1969). Their initial hepatic conversion is insulin- 
independent but subsequent metabolism of the glucose 
by extrahepatic tissues requires the presence of 
insulin, and thus the concept of insulin independence 
is of doubtful validity. Fructose infusion may cause 
lactic acidaemia, hyperuricaemia and hypophosphat- 
aemia and attention has been drawn to these dis- 
advantages, especially when metabolic acidosis is 
already threatened (Woods and Alberti, 1972). We 
have studied the relative merits of glucose, fructose 
and sorbitol as energy sources and their possible 
disadvantages, using a simple infusion technique. 
This paper discusses the changes in plasma lactate, 
uric acid and phosphate during carbohydrate infusion 
both pre- and postoperatively and assesses the thera- 
peutic implications of the results. 


Patients and methods 

Eighteen male patients admitted for elective abdominal 
surgery were studied during a pre- and postoperative carbo- 
hydrate infusion test. Patients were randomly allocated to 
groups, matched for age and weight, receiving glucose, 
fructose or sorbitol as a 30 per cent solution. Each patient 
received a continuous 2-h infusion at a rate of 0-5 g kg h~ 
which is similar to that recommended for use in therapeutic 
regimens. The preoperative test commenced at 0800 h on the 
morning before operation after an 8-h overnight fast. The post- 
operative test commenced at 0800 h on the first postoperative 
morning, the patient having received only 0-9 per cent saline 
intravenously during and following surgery. Venous blood 
samples were taken at 0, 30, 60, 120 and 180 min. A loading 
bolus dose was not given and the 120-min sample reflected 
steady-state conditions. All infusions were given through a 
wide-bore cannula inserted into the antecubital vein. Venous 


blood samples were taken without stasis from the opposite arm, 
collected into tubes containing chilled heparin and aprotonin 
solution and centrifuged immediately. The plasma was 
separated and stored at —20 °C until analysis. Management 
was standardized as much as possible. Premedication was with 
morphine and atropine, anaesthesia with nitrous oxide and 
postoperative anaigesia with papaveratum. 

Each sample was analysed for lactate using lactic dehydro- 
genase and NAD (Hohorst, 1971), uric acid (Praetorius, 1971) 
and phosphate, using a modification of the colorimetric method 
(Fiske and Subbarow, 1925), in which stannous chloride was 
used as a reducing agent. The results have been expressed as 
mean + s.e. mean for each group of patients and the significance 
of differences between means has been assessed using Student’s 
t test for paired data. 


Results 

There were no significant differences between pre- 
and postoperative basal (i.e. preinfusion) values of 
lactate, phosphate and uric acid (Table 1). 


Table I: PRE- AND POSTOPERATIVE BASAL 
PLASMA VALUES FOR PATIENTS UNDERGOING 
CARBOHYDRATE INFUSION TESTS 


Preoperative Postoperative 
Lactate (mmol/I) 0-87 +-0-01 0-93 -+0-01 n.s. 
Phosphate (mmol/I} 0-91 40-04 0-93 -+ 0-04 nS. 
Uric acid (mmol/l) 0-19--0-01 0-21-+0-01 nS. 


All values are mean --s.e. mean. 


Plasma lactate (Fig. 1) 

During the preoperative infusion, there was no signifi- 
cant change in plasma lactate in the glucose group, 
but there were significant rises in the fructose group 
from 0°82+0-01 to 237+005 mmol/l (P<0-001) 
and in the sorbitol group from 0-78+0-01 to 
1-96 + 0-05 mmol/l (P>0-001). Postoperatively, there 
were significant rises in all three groups from 
0-°82+0-01 to 1:55+0-02 mmol/l (P>0-005) in the 
giucose group, from 1-:14+0-01 to 3-29+0-03 mmol/l 
(P < 0-001) in the fructose group and from 0-84+0-01 
to 2:90+0:07 mmol/l (P<0-001) in the sorbitol 
group. The plasma lactate values at the end of 
postoperative infusion were all significantly greater 
than corresponding preoperative values (glucose, 
P<0-01; fructose, P<0-001; sorbitol, P<0-001). 
The postoperative rises in the fructose and sorbitol 
groups were significantly greater than the rise in the 
glucose group (P<0-001). Both pre- and post- 
operatively, the plasma lactate level in each group 
returned to the basal value within 1 h of the end of 
infusion. 


Plasma uric acid (Fig. 2) 

There were no significant changes in plasma uric acid 
during either pre- or postoperative infusion tests and 
there were no group differences. 
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Fig. 1. Preoperative (a) and postoperative (b) changes in plasma lactate values (mean -+ 


Postoperative carbohydrate infusion 425 


m.mol/| 


4: O- 





O 60 120 ë 
Time (minutes) 
s. e. mean) in groups of patients 


No. = 6) receiving a glucose (A), fructose (©) or sorbitol (0) infusion at a rate of © re gkg h>. 


Uric acid mmol/l! 
O 3 be 


sxsvassonesseoe® 57 agg, 
Fresas iddi ame nian a r 
"tra, 5 E 


QO . 2 es genet sevegeeateeseereencers C) seaavsrszaeaccessannet © 
a yF 


A 
Di tanepaanne 5 eeneannes 
* 


& 
te Fhtess fez Fhkages Fax 
of 


aL, RORERARRRESEStESE EERE: & 





O 60 120 80 


Plasma phosphate (Fig. 3) 

There were no significant changes in plasma phosphate 
during preoperative infusion in any group. Post- 
operatively there were significant falls in each group. 
The plasma value fell from 0-95 + 0-04 to 0-67 + 0-04 
mmol/l in the glucose group (P<0-001), from 
0-90 + 0-08 to 0-69 + 0:06 mmol/l in the fructose group 
(P < 0-005) and from 0-92+0-11 to 0-72+0-05 mmol/l 
in the sorbitol group (P < 0-01). There were no signifi- 
cant differences between the groups. 
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Fig. 2. Preoperative (a) and postoperative (b) changes in plasma uric acid values (mean) in groups of patients (No. == 6) 
receiving a glucose (A), fructose (©) or sorbitol (1) infusion at a rate of 0-5 g kg hai 


Discussion 

In comparing the metabolic effects of glucose, fructose 
and sorbitol, we have used a constant infusion test 
over a 2-h period, which is a good mimic of therapy, 
stable conditions being reached by 120 min (Heucken- 
camp and Zöllner, 1972). All three carbohydrates 
produced hyperglycaemia, exaggerated insulin re- 
sponses and depressions of non-esterified fatty acids 
following surgery (Giddings, 1974; Rowlands et al., 
1976), Aibanese et al. (1952) showed that parenterally 
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Fig. 3. Preoperative (a) and postoperative (b) changes in plasma phosphate values (mean) in groups of patients (No. = 6) 
receiving glucose (A), fructose (©) or sorbitol (4) infusion at a rate of O05 g kg hœ. 


administered fructose disappeared more rapidly from 
the blood than glucose and that this was associated 
with increased nitrogen retention. Identical nitrogen 
excretion was observed in patients receiving isocaloric 
regimens of glucose and fructose (Sunzel, 1958) and 
sorbitol (Giddings, 1974). The rapid rate of metabolism 
of fructose and sorbitol offers no detectable nutritional 
advantage over glucose postoperatively, and is respon- 
sible for several disadvantages, the most important 
being lactic acidaemia. 

In our study, the infusion of fructose and sorbitol 
caused elevations of plasma lactate both before and 
after operation, whilst there was also a significant 
rise during postoperative glucose infusion. The mean 
postoperative rises in plasma lactate are similar to 
those reported by Hessov (1973) using the same rate 
of infusion, but as this study did not include a pre- 
operative test, it is difficult to assess whether any 
change in carbohydrate metabolism occurred as a 
consequence of operative trauma. Several mechanisms 
may be responsible for the greater elevations in 
plasma lactate following surgery. The liver plays a 
central role in the control of blood lactate concentra- 
tion and may respond to different forms of tissue 
damage either by impaired lactate uptake or by 
increased lactate production (Woods, 1971). Our basal 
plasma values suggest that the balance between 
extrahepatic lactate production and liver uptake is not 
disturbed by operative trauma. The rise in plasma 
lactate in normal subjects is directly related to the 
rate of fructose infusion (Sahebjami and Scalettar, 
1971). We infused similar doses of each carbohydrate 
both pre- and postoperatively and the greater rises in 
plasma lactate postoperatively suggest that their 
metabolism is modified by surgery. A more rapid rate 
of metabolism by the liver would lead to increased 
lactate production and may also be associated with 
increased production by extrahepatic tissues. The 
elevations of plasma lactate are clinically significant 
and may contribute to disturbances of acid—base 
balance in patients receiving fructose or sorbitol as 


part of a nutritional regimen. The risk of metabolic 
acidosis is great when fructose is used at high rates of 
infusion (Kekomäki et al., 1970), in liver disease, in 
diabetic keto-acidosis (Sahebjami and Scalettar, 1971) 
and when there is tissue hypoxia (Kekomäki et al., 
1972). It should also be used cautiously in children 
(Andersson et al., 1969) and the treatment of ketosis 
of labour (Ames et al., 1975). Sorbitol has similar 
disadvantages. . 

We could detect no changes in plasma uric acid 
either pre- or postoperatively. However, significant 
elevations have been observed in normal subjects 
receiving fructose infusions at rates of 1-5 g kgt ha 
(Heuckencamp and Zöllner, 1971) and 1-3 g kg? h? 
{Kekomäki et al., 1970). Hyperuricaemia occurs 
during fructose infusion owing to increased degrada- 
tion of purine ribonucleotides (Fox and Kelley, 1972). 
The changes are dose-dependent, do not occur during 
glucose infusion and are not potentiated by elective 
surgery. Hyperuricaemia alone may not be harmful, 
but ATP depletion may interfere with energy- 
dependent processes in the liver and lead to inhibition 
of protein synthesis (Woods and Alberti, 1972). 

In our study, significant falls in plasma phosphate 
occurred only during the postoperative infusion, The 
changes in plasma phosphate produced by phosphate- 
free solutions are due to increased rates of uptake of 
phosphate by the liver and muscle (Dudrick et al., 
1976). With fructose and sorbitol, the falls may also 
reflect an accelerated breakdown of AMP and it is 
perhaps surprising that hyperuricaemia was not seen 
in these groups. The small depressions of plasma 
phosphate following relatively minor trauma and only 
2 h of carbohydrate infusion are more significant when 
one considers that these solutions are often given over 
many days to patients who are already hypophos- 
phataemic due to poor nutritional intake. 

Fructose and sorbitol offer no particular advantage 
over glucose as calorie sources following trauma and 
may contribute to the development of potentially 
harmful metabolic acidosis especially in ‘at risk’ 


patients. These solutions should always be adminis- 
tered cautiously at rates not exceeding 0-5 g kg? h7? 
(Hessov, 1973). Glucose infusion, despite producing 
slight increases in plasma lactate postoperatively, is 
safer for general use. All three carbohydrates produce 
falls in plasma phosphate and adequate phosphate 
supplements should be given when they constitute 
the main energy supply in nutritional regimens 
(Sheldon and Grzyb, 1975). We suggest that glucose 
is the carbohydrate calorie source of choice for use 
in surgical patients. 
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Transabdominal suture of bleeding gastro-oesophageal 
varices in cryptogenic cirrhosis of the liver* 
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SUMMARY 

Emergency transabdominal suture of gastro-oesophageal 
varices was performed when conventional conservative 
measures including oesophageal tamponade failed to 
control bleeding in 60 of 167 patients with cryptogenic 
cirrhosis and bleeding varices. The immediate mortality 
for the whole series was 29-9 per cent. Surgery per- 
formed in this selected manner carried an immediate 
mortality of 40 per cent. The transabdominal approach 
detected and treated 19 (31-7 per cent) patients whe 
had concomitant bleeding from  extra-cesophageal 
sources. Ageing and sex (male) affect the immediate 
prognosis adversely. Using a modification of Child’s 
classification of hepatic dysfunction, a direct relation- 
ship between hepatic dysfunction and mortality was 
found, reaching 100 per cent in those with grade C 
(severe) dysfunction, irrespective of whether or not 
surgery had been performed. Bleeding was successfully 
arrested in 96:7 per cent of cases and recurrence of 
bleeding was acceptably low in the first 6 months of 
surgery but not after. 


HAEMORRHAGE from oesophageal varices in cirrhotic 
patients carries a high mortality. A review of the 
literature shows an immediate mortality of 62-5 per 
cent in 1926 reported cases (Ratnoff and Patek, 1942; 
Higgins, 1947; Reynolds et al., 1952; Atik and 
Simeone, 1954; Hamilton, 1955; Nachlas et al., 1955; 
Linton and Ellis, 1956; Welch et al., 1956; Weber, 
1957; Cohn and Blaisdell, 1958; Conn, 1958; Liebo- 
witz, 1959; Taylorand Jontz, 1959; Gowand McGregor, 
1960; Merigan et al., 1960; Read et al., 1960; Ed- 
munds and West, 1961; Orloff, 1962; Garceau and 
Chalmers, 1963; Hislop et al., 1966; Orloff, 1967; 
Rothwell-Jackson and Hunt, 1971). Most of these 
series refer to patients with alcoholic cirrhosis. The 
prognosis in non-alcoholic cirrhotics is less well 
known and appears to be more favourable; in Sher- 
lock’s series at the Royal Free Hospital, the mortality 
at the end of | year was 27-8 per cent (Sherlock, 1964). 
In another unselected series in the United Kingdom, 
the mortality for the first hospital admission was 54 
per cent (Hislop et al., 1966). 

Emergency suturing of the bleeding oesophageal 
varices by the transthoracic approach (Boerema, 1949; 
Crile, 1950) carried an immediate mortality ranging 
from 0 to 85-7 per cent, with a mean of 41-2 per cent, 
in the series reported (Crile, 1950; Hamilton, 1955; 
Linton and Ellis, 1956; Cohn and Mathewson, 1957; 
Ludington, 1958; Crawford et al., 1959; Hunt, 1965; 
Orloff, 1967: Riddell et al., 1967: Rothwell-Jackson 
and Hunt, 1971; Priotonand Michel, 1972; Ottingerand 
Moncure, 1974). Successful ligation of varices by the 
transabdominal approach has been reported, but the 
experience of this operation is much less well known 
(Welch, 1956; Boerema et al., 1970). 

It has been the policy of the combined gastro- 
intestinal unit in the Queen Mary Hospital, Hong 


Kong, to manage variceal bleeding conservatively 
initially, using intravenous Pitressin (vasopressin) and/ 
or gastro-oesophageal tamponade, and when bleeding 
remains uncontrolled to perform transabdominal 
suture of the gastro-oesophageal varices. An elective 
splenorenal shunt is subsequently planned for the 
survivors. We report here our experience in trans- 
abdominal suture of bleeding varices in 167 patients 
with cirrhosis of unknown aetiology. 


Patients and methods 


Patients 
A series of 167 patients admitted between 1966 and 1975 to the 
University Medical and Surgical Combined Gastro-intestinal 
Unit at the Queen Mary Hospital, Hong Kong, because of 
haemorrhage from gastro-oesophageal varices were studied. 
The presence of varices was proved in all cases by barium 
examination, endoscopy or splenoportovenography, at 
surgery and/or at necropsy. As not all patients had an endo- 
scopic examination carried out while bleeding and not all 
patients had emergency surgery performed, the evidence that 
the bleeding was due to ruptured varices was only circum- 
stantial. A pathological diagnosis of cirrhosis was recorded 
in 144 patients; this was arrived at by needle biopsy of the 
liver in 30 patients, laparotomy in 88 and necropsy in 26. In 
the remaining 23, the diagnosis of cirrhosis was obvious on 
clinical grounds, which included an isotope scintiscan showing 
splenomegaly and a small-sized liver with or without coarse 
mottlings and a bromsulphalein retention of more than 
106 per cent at 45 min. For the purpose of this study, these 
patients were designated to be cryptogenic cirrhotics as in no 
patient could the cause of cirrhosis be defined. The patho- 
logical features were those of post-necrotic scarring, as has 
been reported previously (Cook et al. 1963). Eight other 
patients admitted during the same period because of bleeding 
varices were shown to have alcoholic cirrhosis. They were 
excluded from the study as they formed too small a group for 
evaluation. 

There were 146 males, ages ranging from 17 to 77 years 
(mean, 40 years) and 21 females, ages ranging from 25 to 87 
years (mean, 57-4 years). 


Methods 

A total of 60 patients underwent transabdominal suture of 
gastro-oesophageal varices. This was carried out because con- 
servative measures, which included intravenous infusion of 
Pitressin and gastro-oesophageal tamponade (for 24 h) with a 
Sengstaken—Blakemore tube, had failed to control the bleeding. 
The execution of the operations was not restricted to the senior 
surgeons and was performed by any surgeon on call for the 
general surgical ward. When operation was deemed unavoid- 
able, no patients were excluded on the grounds of poor surgical 
risk, 

Through a midline upper abdominal incision a high gastro- 
tomy was performed and bleeding from the cut edges was 
controlled with the aid of Allis’s forceps. The three main 
columns of varices (right posterior, left posterior and anterior) 
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readily came into view with the help of Dever’s retractors. A 
continuous suture ligature using chromic catgut was applied to 
the varices beginning from the normal gastric mucosa below 
and including the muscularis mucosa beneath. As each suture 
was made, traction was applied on the catgut suture, thus 
bringing down the oesophageal mucosa so that suturing of the 
varices for a length of 3-4 cm above the cardio-oesophageal 
junction could usually be made. The stitch was then locked and 
suturing was continued downwards to the free end of the cat- 
gut, where the ends were tied. All three varices must be 
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Table 1: CAUSES OF DEATH 
Conservative Operative 
Progressive liver failure 13 14 
Uncontrolled bleeding 8 2 
Rebleeding in hospital 3 2 
Bronchopneumonia 2 3 
Gastrotomy wound leakage = 3 
and peritonitis 
Total 26 24 


similarly dealt with, as failure to do so might be associated 
with recurrence of bleeding in the immediate postoperative 
period, 


Liver function score 

The liver function of each patient was scored using a modifica- 
tion of Child's classification (Child, 1964). Five points were 
given for stage I and H hepatic encephalopathy (staging by 
Adams and Foley, 1955) and 10 points if the encephalopathy 
was stage HI or IV. Five points were given when ascites was 
present, 10 points if this had accumulated rapidly and led to a 
tensely distended abdomen or if this was poorly controlled 
with diuretics. When serum bilirubin was between 25-7 and 
51:3 umol/l, 24 points were given, and if this was over 51-3 
umol/l, 5 points were given, When serum albumin was between 
25 and 30 g/l, 24 points were given, and when this was less than 
25 g/l, 5 points were given. A patient could thus in theory score 
a maximum of 30 points. Each patient was then graded as A 
(score 0-10), B (score 11-20) or C (score 21~30). 


Statistical analysis 

The y? test with Yate’s correction was used. Rebleeding rate 
was calculated using a modification of the life-table method. 
Results 

Immediate mortality 

This refers to death occurring during the same hospital 
admission. Fifty (29-9 per cent) of the 167 patients 
died, Of the 107 patients who did not have surgery, 
26 (24:3 per cent) died and of the 60 surgically treated 
patients, 24 (40 per cent) died. 

More than half of the patients died from progressive 
liver failure following the bleeding episode (Table 1). 
There were 8 deaths from uncontrolled bleeding in 
the conservatively treated group. Five of these patients 
died soon after admission before resuscitation. Two 
patients had uncontrolled bleeding despite intravenous 
vasopressin and gastro-oesophageal tamponade and 
died while being prepared for surgery. Both were 
found at necropsy to have multiple superficial gastric 
ulcers in addition to variceal bleeding points. The 
remaining patient died from massive bleeding after 
having vomited out the Sengstaken tube, which was 
most probably improperly placed. In the conservative 
group, 3 patients died from rebleeding, which occurred 
unexpectedly and massively within 1 week of the 
cessation of oesophageal tamponade and observation. 
All 3 had grade B or above hepatic dysfunction. 

Two surgically treated patients died immediately 
after operation from uncontrolled bleeding, which was 
due to extensive, uncontrolled fibrinolysis. No un- 
ligated variceal bleeding point was found in either at 
necropsy. In 2 other patients rebleeding occurred with- 
in 10 days of surgery; they became comatose and died 
despite control of bleeding with non-operative means. 
At necropsy variceal bleeding points were found which 
had escaped ligation. 


Factors influencing mortality 

Liver function (Table ID. Mortality in both the medi- 
cally and surgically treated groups was directly re- 
lated to the degree of liver function impairment and 


Table H: IMMEDIATE MORTALITY EN RELATION 
TO LIVER FUNCTION PROFILE 


Over- 
A B C all 
Mort. * Mort. Mort. Mort. 
No. (% No. (%) No. (%)  (%) 
Conservative 75 SOF 22 45-5 19 100 24-3 
Operative 40 275ł 16 562 4 100 49 
Total 118 3 =14-8 38 539 14 100 29-9 
* Mort.. Mortality. 
+ P< 0-025. 


Table HI: IMMEDIATE MORTALITY UN RELATION 
TO SEX AND LIVER FUNCTION PROFILE 


A B C Total 
Mort. * Mort. Mort. mort. 
No. Co No. (4) No. Cs Co) 

Males : 
Conservative 56 7:1% 16 625% 8 100 27% 
Operative 37 29-7 16 56-3" 4 100 421P 
Total 93 161° 32 594 12 100 336i 
Females l 
Conservative 19 1054 6 gä 2 100 14-88 


Operative 3 ob den, ee gh 


Total 22 QJ? 6 g 2 100 133 
* Mort., Mortality. 

a and b d: P<0-05. 

cande >not significant. f: P<0-085. 

gandh i: P005, 


Table IV: IMMEDIATE MORTALITY IN RELATION 
TO AGE GROUPS, LIVER FUNCTION PROFILE 
AND THE MALE SEX 





Age of A B C Total 
males Mort.” Mort. | Mort. Mort. 
(yr) No. (%) No. (%) No. °) No (% 
< 40 37 8i 8 500 3 100 48 20-88 

36 83 8 50 3 100 47 21-34 
40-60 65 200 19 421 10 100 94 33-09% 
53. 7226 l4 57i 8 100 75 37-38 
=» 60 13 77 41 63-6 i 100 25 360° 
4 0 10 70-0 1 100 15 533f 
* Mort., Mortality. 
a and b 
aandc 


b and c >not significant. dand f: P<0-05 
d and e 

e and f { 

reached 100 per cent in those with grade C hepatic 
dysfunction. o 
Sex (Table IHI): The female patients had a signifi- 
cantly (y? = 3-89, P<0-05) lower mortality (13-3 per 
cent) compared with the males (33-6 per cent). This 
was still apparent when the patients were divided into 
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% 
100 + emergency ligation 


o~-~~-o ligation not required 





0 12 24 36 


Fig. 1. Cumulative rebleeding rate after discharge from 
hospital in the conservatively and operatively treated groups. 
* and ** are not significant. 


Table V: DISTRIBUTION OF MALES AND FEMALES 
IN RELATION TO AGE GROUPS AND LIVER 
FUNCTION PROFILE : 

Total 


A B C M: F 

Ager M* F M F M F ratio 
<40 36 H R 0 3 0 47:1 
40-60 53 12 14 5 8 2 39:1 
> 60 4 9 19 1 i O° ł5:;i 
Total A-2 : 1% 5-3: G2 fF 

M:F 

ratio 
* M, Males; F, females. 
a and c 


band c knot significant. 


conservatively and surgically treated groups, but the 
difference was not statistically significant. When the 
patients were categorized according to the degree of 
liver function impairment, this trend was also apparent 
in those with grade A and B hepatic dysfunction. How- 
ever, the difference was significant (P< 0-05) only in 
the grade B patients. 

Age (Table IV): In general there was a tendency for 
older subjects to have a higher mortality. This became 
more evident when the males alone were considered. 
When the patients were categorized according to their 
liver function profile, this trend could still be observed 
in subjects with grade B hepatic dysfunction, but dis- 
appeared in those in grades A or C. 


Surgical findings 

All of the 60 patients subjected to surgery had bleed- 
ing oesophageal varices. In addition, 13 were found 
to have bleeding from gastric varices, which were 
sutured. Chronic gastric ulcer was found in 6 and 
duodenal ulcer in 3 patients. Four of these ulcers 
were also bleeding and were dealt with appropriately. 
Two other patients were also bleeding from acute 
shallow gastric ulcers, which were undersewn. 


Outcome 

Of the 36 patients who survived the operation, 13 
patients underwent an elective splenorenal shunt 
operation within 6 months, during which they experi- 
enced no recurrence of bleeding. Of the remaining 23 
subjects, 4 were lost to follow-up and 19 were followed 
up for varying periods of 1 month to 7 years, with a 
mean of 23-2 months. Of these 19 patients, 14 had a 
recurrence of bleeding, which culminated in a spleno- 
renal shunt operation for 3 patients and in death for 
8 patients. One died from a myocardial infarction 6 
months after discharge. The remaining 3 patients 
refused surgery and survived for more than 5 years. 

Fig. 1 illustrates the rebleeding rate of the 36 
patients at the end of various periods of time. 

Of the 81 patients in whom haemostasis was suc- 
cessful using conservative measures and who survived 
the bleeding episode, 14 patients underwent elective 
splenorenal shunt operation within 6 weeks during 
which they experienced no recurrence of bleeding. 
Seventeen patients were lost to follow-up and 50 
patients refused the shunt operation and were followed 
up for periods ranging from 1 month to 5 years, with 
a mean of 18-1 months. Of these 50 patients, 36 had 
a recurrence of bleeding, from which 9 patients died 
and a splenorenal shunt was done in 9 of the remaining 
patients. The rebleeding rate at various periods of 
time is shown in Fig.,1. 


Discussion 

The overall immediate mortality of 29-9 per cent 
among our patients is less gloomy when compared 
with figures of over 50 per cent in most reported 
series. One basic difference is that while most of 
these series reported on patients with alcoholic cirr- 
hosis, our series of patients have no definable cause. 
In fact, 73-4 per cent of 875 patients with hepatic 
cirrhosis investigated in this hospital had no defin- 
able aetiology and alcoholic cirrhosis constituted only 
16-9 per cent of the cirrhotics (Lam, 1975). Our results 
agree with those of Sherlock (1964), who reported a 
mortality of 27-5 per cent at the end of 1 year in 
a series of non-alcoholic cirrhotics with variceal 
bleeding. 

Analysis of the data reveals first that mortality is 
related to the male sex (Table HI), there being a signi- 
ficantly higher mortality in males (33-6 per cent) than 
in females (13-3 per cent). This is not related to liver 
function, since the male : female distribution is no 
different in the three categories of liver function 
profile. Nor is this related to age, since there is in 
fact a higher proportion of females in the over-60 
age group (Table V). This agrees with the findings of 
Welch et al. (1956), Cohn and Blaisdell (1958) and 
Hislop et al. (1966). 

Secondly, as expected, the mortality is affected by 
age, the relationship being readily appreciable in 
males (Table IV). 
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Interestingly, there is a close association between 
the degree of hepatic dysfunction and the mortality 
rate, which reaches 100 per cent in those with grade 
C hepatic dysfunction, irrespective of whether the 
treatment is Conservative or surgical. Those in grade 
A have the highest chance of immediate survival, but 
when emergency suture of varices becomes unavoid- 
able, mortality is significantly increased. These find- 
ings agree with those of Ottinger and Moncure (1974), 
who found a close relationship between the degree of 
hepatic dysfunction as assessed by Child’s classifica- 
tion and the mortality rate following transthoracic 
ligation of bleeding varices. In addition, in our series 
execution of the operations was not limited to the 
senior surgeons. Our overall postoperative mortality 
of 40 per cent, using the transabdominal approach, 
compares favourably with the mean mortality of 41-2 
per cent in 262 patients reported in the literature, 
using the transthoracic approach. 

One basic difference, however, is that while in 
most of these series there is no selection of patients, 
in our present series patients who do not respond to 
conservative measures, including gastro-oesophageal 
tamponade, are selected for surgery, which represent 
only 35-9 per cent of the total patients. In addition, 
we do not exclude from surgery patients who are 
generally regarded as bad risk subjects, including 
those in hepatic coma, once this is indicated. 

The operative finding of bleeding also coming from 
gastric varices in 13 patients, of peptic ulcer in 9 
patients (6 chronic gastric ulcers and 3 duodenal 
ulcers), of which 4 were bleeding, and of concomitant 
bleeding from acute gastritic ulcers in 2 patients 
brings out one important advantage of the trans- 
abdominal approach; it gives the surgeon an oppor- 
tunity to deal with a concomitant source of upper 
gastro-intestinal bleeding, which occurred in 31-7 per 
cent of the 60 patients who required surgical inter- 
vention. While the presence of an extra-oesophageal 
cause of bleeding may be diagnosed before surgery 
by upper gastro-intestinal endoscopy (Teres et al., 
1976), this procedure is sometimes not possible because 
of the torrential bleeding and not feasible because of 
the urgency of the problem and the theoretical danger 
of provoking further bleeding from the oesophageal 
varices. The advantage of sclerotherapy through the 
endoscope appears promising but its value remains 
to be established (Johnston and Rodgers, 1973). 

Of the 60 operations only 2 could be regarded as 
failures. Both patients had grade B hepatic dysfunc- 
tion, developed coma after recurrence of bleeding 
and died despite cessation of the bleeding. As far as 
control of bleeding is concerned, the transabdominal 
operation therefore has an immediate success rate 
of 96-7 per cent. 

Three patients of the conservatively treated group 
suffered rebleeding within a week of cessation of the 
first haemorrhage and died. The bleeding was sudden 
and massive. All 3 had grade B or C hepatic dysfunc- 
tion. To salvage this group of patients (approximately 
10 per cent of the conservatively treated subjects with 
grade B and C hepatic dysfunction) poses a problem. 
Leaving in situ a deflated Sengstaken tube or a naso- 
gastric tube in all such subjects for a week is undesir- 
able as this may cause significant cardio-oesophageal 
erosion. Subjecting all such patients to surgery would 
involve unnecessary surgery in a substantial propor- 
tion. Our present policy for such patients is one of 
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close and careful vigilance for 10 days following the 
control of the first haemorrhage. 
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Recurrent massive haemorrhage from benign hepatic 


tumours secondary to oral contraceptives 
NORMAN N. BEIN AND HARRY S. GOLDSMITH* 


SUMMARY 

Liver cell adenoma as a cause of spontaneous haemo- 
peritoneum has been noted with increasing frequency 
since Baum’s initial report (Baum et al., 1973). The 
relationship between the use of oral contraceptives and 
bleeding from a hepatic tumour makes awareness of this 
condition mandatory for the physician involved in the 
differential diagnosis of the acute abdomen. The report 
presented here is that of a woman who, while taking oral 
contraceptives, subsequently bled from her liver 3 years 
after an initial hepatic haemorrhage. 


Case report 

A 34-year-old female with an 11-year history of taking oral 
contraceptives was struck on the back while skiing in the 
winter of 1972. She continued to ski throughout the remainder 
of the day, but during that evening developed severe pain in 
the right upper quadrant radiating to her shoulder. She 
subsequently went into shock which required blood trans- 
fusions for resuscitation. Over the next week she was confined 
in the intensive care unit of her local hospital where it was 
observed that she had signs of continued intraperitoneal 
bleeding in association with progressive liver enlargement. A 
laparotomy was performed and a hepatic laceration was noted 
which was secured and drained. Also observed was a 4:5 x 4x 
3 cm mass on the right lobe of the liver which was removed. 
Histologically, this mass was described as showing ‘focal 
nodular hyperplasia’. This surgical procedure took place in 
1972, and since at that time there was no awareness of the 
relationship between the use of oral contraceptives and 
subsequent liver pathology, the patient was not advised to 
discontinue her birth control pills. 

During the next 3 years the patient did well without any 
difficulty until the spring of 1975 when, while ironing clothes, 
she experienced a sudden onset of severe right upper quadrant 
pain which radiated to her right shoulder. Because this episode 
seemed identical to the one she had experienced 3 years 
previously, she telephoned her physician who advised that she 
went immediately to hospital. By the time she arrived she was 
hypotensive and required 4 units of blood in order to stabilize 
her blood pressure. Abdominal exploration was performed and 
at this time no bleeding was noted within the peritoneal cavity. 
The liver was observed to be enlarged and completely enveloped 
in scar tissue. A diagnosis of intrahepatic haemorrhage was 
made Nothing definitive was done for the patient at that time. 
A subsequent liver scan was described as showing a massive 
lesion involving the entire right lobe of the liver. 

The patient was transferred to the Thomas Jefferson 
University Hospital. Her blood count on admission was 
normal. Blood chemistry was within normal limits except for 
an elevated lactic acid dehydrogenase of 426 iu/l, a total 
bilirubin of 27-4 umol/l and an alkaline phosphatase of 236 iu/I. 
A hepatic arteriogram was performed which showed hepato- 
megaly with displacement of intrahepatic arteries within the 
right hepatic lobe and the medial segment of the left lobe by a 
mass measuring 15x 12cm (Fig. 1). In addition, a circum- 
scribed 4-cm mass was noted in the lateral segment of the left 
hepatic lobe (Fig. 2). These radiographic findings suggested 
the presence of hepatic adenomas with superimposed haemor- 
rhage within the right lobe and medial segment of the left 
hepatic lobe. 

While on the ward being prepared for her impending opera- 
tion, the patient experienced another severe hypotensive 
episode with a drop in haematocrit which required transfusion 
of several units of blood. Associated with the decreased blood 
pressure was discomfort in the right upper quadrant which 
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Fig. 1. Hepatic arteriogram demonstrating displacement of 
intrahepatic arteries in the right hepatic lobe and medial 
segment of the left lobe with associated hypervascularity. 


Fig. 2. Hepatographic phase of arteriogram demonstrating a 
central lucidity with increased peripheral capillary blush. 
Note the well-circumscribed 4-cm adenoma in the lateral 


segment of the left lobe characterized by hypervascularity 
with tumour blush (arrow). 
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medial segment 
of the left hepatic lobe. Note the major adenoma which 
measured 11 cm at the widest diameter. 
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Fig. 4. Photomicrograph showing the peripheral portion of 
the resected hepatic adenoma surrounded by hyalinized 
fibrous capsule. (HE stain. x 48.) 


Fig. 5. High-powered view of the hepatic adenoma showing 


trabeculas composed of abnormal hepatocytes and capillary 
channels. (HE stain. x 120.) 


indicated further intrahepatic bleeding. The patient underwent 
an extended hepatic resection, which required the removal of 
the entire right and medial segment of the left hepatic lobes 
(Fig. 3). At operation, a mass was felt deep within the lateral 
segment of the left hepatic lobe which measured approximately 
4 cm in diameter. Since this mass was deeply placed within the 
only remaining portion of the liver, it was elected not to 
attempt its removal. The patient’s postoperative course was 
essentially uneventful and she remains asymptomatic 17 months 
after surgery. The final histological diagnosis of the liver 
mass was ‘hepatic adenoma with necrosis and haemorrhage’ 
(Figs. 4, 5). 

The patient has refrained from taking oral contraceptives 
since surgery. It is of interest that a hepatic arteriogram taken 
8 months after her operation showed that the liver adenoma 
that had been left undisturbed in the lateral hepatic segment 
had decreased in size by 25 per cent in relation to the pre- 
operative arteriogram. 


Discussion 

Baum et al. (1973) reported 7 cases of hepatic adenoma 
with 2 of these patients undergoing elective hepatic 
resection for a right upper quadrant mass and the 
other 5 requiring emergency hepatic resection follow- 
ing spontaneous haemoperitoneum. Common to all 7 
cases was a history of taking birth control pills. 
Shortly after the publication of this paper, Conto- 
stavlos (1973) reported a case of spontaneous 
haemoperitoneum secondary to rupture of an intra- 
hepatic mass which was histologically diagnosed as 
hepatic cell hyperplasia. This case report also con- 
sidered the clinical problem to be secondary to 
hormonal changes resulting from use of oral contra- 
ceptives. During 1974 and 1975 other isolated case 
reports continued to appear in the literature (Knapp 
and Ruebner, 1974), with Mays and his associates 
(Mays et al., 1974) outlining the common histological 
findings associated with this entity; namely, hepatic 
necrosis, haemorrhage, fibrosis, a paucity of portal 
triads and hepatocytes arranged in an adenomatoid 
fashion. 

There appears to be some confusion regarding the 
histological description of liver pathology seen in 
patients who have bled from hepatic tumours associ- 
ated with contraceptives. The majority of these 
tumours have been histologically described as being 
hepatic adenomas rather than as focal nodular hyper- 
plasia, the latter being distinguished by the presence 
of bile ducts and parenchymal nodularity. The reason 
the distinction between the two histological descrip- 
tions is important is that Knowles et al. (1975) 
reported that focal nodular hyperplasia, as opposed to 
a hepatic adenoma, almost never undergoes rupture 
and haemorrhage and there is no association between 
focal nodular hyperplasia and oral contraceptives. A 
recent report by McAvoy et al. (1976), however, 
showed that in their review of 35 cases, the majority 
of patients who had massive intraperitoneal bleeding 
leading to shock did have a hepatic adenoma but the 
condition also occurred in several patients with focal 
nodular hyperplasia. It is apparent that in the future 
more careful and accurate histological descriptions 
of these benign hepatic tumours will need to be made. 

Antoniades and Brooks (1975) have stated that right 
upper quadrant pain, shock and haemoperitoneum in 
a woman with a history of oral contraceptive ingestion 
are pathognomonic signs and symptoms of rupture of 
a benign hepatic tumour. It appears, therefore, that 
the relationship between oral contraceptives and 
hepatic bleeding has been accepted as being real. 


However, it is important that the benefits of contra- 
ceptive agents not be lost sight of; especially in view 
of the extremely small number of women who have 
subsequently developed hepatic bleeding. Christo- 
pherson has initiated at the University of Louisville 
a registry of women who have developed hepatic 
tumours while on oral contraceptives and there are 
now 80 patients in this registry (Christopherson, 1976). 
Assuming there are many more women whose cases 
have not been reported to the registry, it still must be 
remembered that over 35 million women in the United 
States alone have taken oral contraceptives for 
varying periods of time. These figures make it im- 
portant that the danger of hepatic bleeding from oral 
contraceptive usage be considered in the perspective 
of the pill’s overall value. 


Conclusion 

This case represents, to the best of the authors’ 
knowledge, the first instance of recurrent hepatic 
bleeding secondary to what is believed to be the 
continued use of oral contraceptive pills. Careful 
routine physical examination of all women taking 
oral contraceptives, especially those with a long 
history of ingestion, appears mandatory in light of the 
strong possibility of a relationship between oral 
contraceptives and the development of a hepatic 
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tumour. Any patient taking oral contraceptives who 
presents with right upper quadrant pain, haemo- 
peritoneum and vascular collapse must be considered 
to be bleeding from an hepatic tumour until proved 
otherwise. 
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An unexpected complication of a liver biopsy 
O. T. TERPSTRA, TH. J. M. V. VAN VROONHOVEN AND H. MULLER* 


SUMMARY 

A case of anaphylactic shock after percutaneous liver 
biopsy is described. This was due to rupture of a large 
echinococcal cyst localized in the liver. Diagnosis and 
treatment with a review of the literature are discussed 
with emphasis on the complete removal of both the cyst 
and the surrounding capsule of fibrous liver tissue. 


AMONG modern diagnostic methods, percutaneous 
liver biopsy has become indispensable. Although the 
number of complications is very small, the following 
case history illustrates the necessity of being prepared 
for the unexpected in performing a liver biopsy. 


Case report 

A Jugoslavian woman, aged 25 years, presented with metror- 
rhagia and contact bleeding. At physical examination, the 
masculine habitus was striking, the breasts were hypoplastic 
and the clitoris was larger than normal. Hepatomegaly was 
observed but the spleen was not enlarged. Routine liver function 
tests were normal except for a slightly raised alkaline phos- 
phatase. Furthermore, an elevated level of LH, FSH and 
testosterone in the serum and an increased excretion of 17- 
ketosteroids in the urine was found. A diagnosis of an adreno- 
genital syndrome was made, as well as hepatomegaly without 
evident cause. 

Under general anaesthesia laparoscopy was performed and 
a biopsy was taken from the right ovary which, like the left, 
was distinctly enlarged. At the same time an unsuccessful 
attempt was made to obtain a liver biopsy percutaneously. A 
few hours later the patient went into shock and oliguria 
developed. She had fever (39-6 °C rectally) and complained of 
pain in the upper right abdomen. The eyelids were oedematous 
and a generalized exanthema developed. Examination showed 
rebound tenderness in the right upper quadrant, but peristalsis 
was normal. The possibility of an anaphylactic reaction was 
considered, also shock due to bleeding or sepsis following an 
intestinal perforation. Treatment consisted of the administra- 
tion of plasma, corticosteroids, broad spectrum antibiotics and 
an exploratory laparotomy was performed. 

At operation the right lobe of the liver was found to be 
greatly enlarged, but the colour and palpation of the organ 
were normal. The entire retroperitoneal space was extremely 
oedematous. Another attempt was made to perform a puncture 
biopsy of the liver, but during removal of the needle a jet of 
fluid came out of the puncture site. At that moment the 
possibility of an echinococcal cyst was considered. The 
puncture opening was sutured and the abdominal cavity 
flushed with hydrogen peroxide and Noxiflex. 

Because the patient again showed severe hypotension, 
operative treatment was not continued. Postoperative admini- 
stration of dopamine and rapid infusion of plasma raised the 
blood pressure to normal. Mebendazole (Vermox) was 
administered orally. 

The supplementary investigation gave the following results. 
Scintigraphy of the liver showed a large space-occupying 
process in the right lobe of the liver (Fig. 1). The assumption 
that this was associated with a cyst was strongly supported by 
the echographic findings and by selective angiography which 
showed a large avascular area with displacement of the rami 
of the right hepatic artery (Fig. 2). The IFA reaction (immuno- 
fluorescence of antibodies) was negative on the second post- 
operative day, positive (1/32) on the eighth day and gave a 
value of 1/56 on the fourteenth day. 

As soon as both the diagnosis and the localization were 
certain, we decided to remove the cyst under the protection of 
a high dose of corticosteroids. Via a right-sided thoraco- 
laparotomy the liver was exposed. The cyst was punctured and 
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Fig. 1. Scintigraphy of the liver (45° oblique). A large space- 
occupying process is seen. 
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Fig. 2. Selective angiography of the hepatic artery. There is a 
large avascular area with stretching of the rami of the right 
branch. 
sss... 
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20 ml fluid was withdrawn and replaced by the same amount 
of a 20 per cent solution of saline. After a 15-min wait, the 
cyst, which had a diameter of 14 cm, was removed in foto. 

The resulting cavity in the liver was drained and 200 mg 
mebendazole was left in the abdominal cavity. The post- 
operative course was uneventful. Daily oral administration of 
300 mg mebendazole was resumed. The IFA reaction showed 
the following course: 2 days postoperatively 1/1024, after 14 
days 1/512 and 5 months later 1/64. 

The fluid taken from the cyst contained scolices, and histo- 
logical investigation confirmed the diagnosis of an echinococcus 
cyst with daughter cysts. A liver scan made 3 months after the 
operation (Fig. 3) showed that appreciable regeneration of the 
right lobe had already occurred. Six months after the rupture 
no signs of recurrent cyst formation were found. 


Discussion : 

Rupture of an echinococcal cyst localized in the liver, 
whether spontaneous or traumatic, can have not only 
direct consequences but also long term effects. 
Schiller (1966) described 21 patients with a ruptured 
echinococcal cyst in the liver. Two of the 3 patients 
who showed a picture of anaphylactic shock with 
tachycardia and fever died within 3 days of the 
rupture. At autopsy acute diffuse peritonitis was 
found in all cases. Other reports of a rupture of an 
echinococcus cyst into the abdominal cavity are 
scarce (Abrishami, 1975; Amir-Jahed et al., 1975). An 
intrahepatic rupture is also possible (Berenson et al., 
1974), but perforation into the biliary tract is more 
frequently encountered (Martini et al., 1974; Mentouri 
et al., 1974). 

The late effects of a rupture of an echinococcal cyst 
sometimes only become manifest after many years 
following the development of daughter cysts. Well- 
documented cases of this phenomenon are rare, 
however ; Schiller (1966) found only 2 cases of such an 
outgrowth of daughter cysts among 9 patients fol- 
lowed up from 5 to 26 years. Surgical treatment of a 
solitary echinococcal cyst of the liver is indicated 
because of the risk of rupture and the progressive loss 
of functioning liver tissue. During the operation, 
every attempt must be made to remove not only the 
parasitic cyst (endocyst) itself but also the ectocyst. 
As the ectocyst consists of fibrous degenerated liver 
tissue, the plane of cleavage lies actually in the liver 
and this might result in more loss of blood. Therefore 
it is much simpler to remove only the endocyst, but 
this can lead to complications such as abscess forma- 
tion and long-lasting biliary fistulas owing to an 
encapsulated cavity (the ectocyst) being left in place. 
To avoid contamination during operation, it is advis- 
able to inject a scolicidal agent into the cyst before 
dissection is started. For this purpose a concentrated 
solution of formalin is often recommended, but a 
hypertonic saline solution (20-30 per cent) is con- 
sidered to work equally well with fewer side effects. 

Detailed clinical data on the prevention of the 
development of daughter cysts after rupture of an 
echinococcal cyst into the abdominal cavity are not 
available. Wibin and Timmermans (1975) have 
described a patient with a ruptured echinococcal cyst 
of the liver who was given mebendazole orally over a 
long period. Experimental studies in animals also 
have provided evidence that prolonged oral adminis- 
tration of mebendazole greatly reduces the risk of the 
development of daughter cysts (Heath and Chevis, 
1974; Heath et al., 1975), and the same holds for 
intraperitoneal administration of this drug (Campbell 
et al., 1974). On these grounds, we prescribed 
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Fig. 3. Scintigraphy of the liver 3 months after removal of the 
cyst (45° oblique). 


300 mg/24 h mebendazole orally for our patient over 
a period of 6 months. 

Retrospectively, it seems clear that the complication 
described here could have been avoided by performing 
liver scintigraphy and an ultrasound investigation 
before attempting a liver biopsy. There is much to be 
said for this approach, especially in cases with an 
enlarged liver, because these are simple procedures 
which can be performed in many hospitals. 
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Cervical chordoma: report of a case and the 
technique of transoral removal 


PAUL C. WINDLE-TAYLOR* 


SUMMARY 

A case of cervical chordoma in a man of 27 years is 
described. The clinical features were of progressive 
spinal cord compression. Treatment was by transoral 
decompression of the second cervical vertebra and post- 
operative radiotherapy. The result was favourable and 
remained so at follow-up after 27 months. The relative 
merits and scope of the various approaches to the 
upper cervical vertebrae and the role of radiotherapy 
and chemotherapy are discussed. 


CHORDOMA is a rare tumour of the axial skeleton 
whose clinical features bring it within the scope of 
the ophthalmologist, otolaryngologist, neurosurgeon, 
orthopaedic surgeon and general surgeon. 

Since its identification in 1856 by Luschka, about 
1000 cases have been reported and about 10-15 new 
cases are described each year. The most comprehen- 
sive recent review (Utne and Pugh, 1955) covers 505 
cases from the world literature and 72 cases from the 
Mayo Clinic. 


Clinical features 

Statistically, chordoma accounts for 5 per cent of all 
benign bone tumours (Coley, 1960), less than 2 per 
cent of all nasopharyngeal tumours (Osborn, 1975) 
and less than 1 per cent of all central nervous system 
neoplasms (Poppen and King, 1952). The origin of a 
chordoma is from the notochord or its remnants 
(Wright, 1967). 

Any age group may be affected, though the peak 
incidence is in middle age. The sex distribution is not 
clear-cut, the series varying in their results. Most 
chordomas affect the craniocervical or the sacrococcy- 
geal regions. 

The pathology and histology have been well de- 
scribed by Steegman (1971) and the ultrastructure by 
Gessaga et al. (1973). Metastasis is rare in head and 
neck chordoma but it may be local to lymph nodes 
or within the central nervous system (Holzner, 1954). 
Histology shows malignant features, but these cor- 
relate poorly with clinical behaviour. 

The diagnosis depends on radiological and histo- 
logical findings. The clinical picture is one of a local 
space-occupying lesion arising in bone, usually with- 
out local or distant metastasis. Systemic features are 
undiagnostic, though lassitude and weight loss are 
fairly frequent. The results of haematological, sero- 
logical and biochemical investigations are usually 
normal. There are no specific radiological changes that 
differentiate a chordoma from other bone tumours. 
Plain radiography with tomography and contrast 
studies are of great benefit in defining spread and 
involvement. Angiography is useful in that it not only 
excludes other pathological conditions, but also gives 
some indication as to the vascularity of the tumour. 

A biopsy may be a prelude to or accompany defini- 
tive surgery. Much has been made of the difficulty 
in diagnosis (Higinbotham et al., 1967), but given a 
good specimen, the features are unmistakable. 


Treatment 

Increasing optimism has been shown concerning the 
role of radiotherapy (Rosenqvist and Saltzman, 1959; 
Windeyer, 1959) as operation alone has proved in- 
adequate. The latest reviews (Pearlman and Fried- 
man, 1970; Pearlman et al., 1972; Phillips and New- 
man, 1974) suggest that a combination of radical 
operation and irradiation is necessary. However, 
most of the so-called successful cases have been sacro- 
coccygeal, where such measures are more easily appli- 
cable. Survival rates are rarely quoted, but Higin- 
botham et al. (1967) give an overall 5-year survival 
figure of less than 10 per cent and Kamarin et al. 
(1964) assessed the average survival of patients with 
cranial and with cervical chordomas to be 34 and 7 
years respectively. The best results with radiotherapy 
have been with doses of over 8000 rad. This is much 
in excess of the maximum safe brain stem dose 
(approximately 5000 rad), and even doses in this range 
may have long term sequelae (Henk, 1974). 

In a recent case report, Razis et al. (1974) treated 
recurrent cervical chordoma with vincristine sulphate. 
The patient, a 42-year-old man, had 2 years’ remis- 
sion following surgery for cranial nerve involvement. 
The subsequent onset of tetraplegia was treated by 
posterior cervical fusion, an occipital decompression 
and 6000 rad irradiation. Eight months later similar 
symptoms recurred. Vincristine sulphate, 2 mg intra- 
venously, was given weekly, a total of 14 doses being 
given over 5 months. Treatment was discontinued 
during this period for a time because of ‘severe neuro- 
toxity and paralytic ileus’. A dramatic improvement 
was reported both clinically and radiologically. 
The authors do not elaborate on the results and 
long term follow-up is not reported, but this 
line of treatment should not be forgotten in the 
resistant case. Obviously more detailed investigation 
is necessary. 


Case report 

A 27-year-old male presented in August 1974 with the following 
history. Following pain between the scapulas 3 weeks pre- 
viously, tingling paraesthesia and weakness began in the right 
hand and spread to involve the whole arm. The same symptoms 
appeared in the left hand and forearm. There had been a 
transient episode of abnormal gait 3 months previously, which 
had reappeared just before admission. A weight loss of 6 kg 
had occurred, without any dysphagia. 

Examination revealed a thin ataxic patient with a decreased 
gag reflex and weak trapeziums and sternomastoids. There was 
a painless smooth firm mass on the posterior pharyngeal wall 
to the right of the midline. A spastic tetraparesis and a 
generalized impairment of sensation, more marked on the 
right side, were present. There were no other abnormalities on 
clinical or laboratory examination. 

Plain films and tomographs of the skull showed a soft tissue 
mass in the pharynx and a destructive process involving the 
body of C, and the odontoid process (Fig. 1). Myelography 
revealed a complete blockage of the spinal canal at this level 
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Fig. 1. A lateral linear tomogram showing an osteolytic 
lesion of the odontoid process and a pharyngeal soft tissue 
shadow. 


with the cord displaced posteriorly and to the left (Fig. 2). Both 
a vertebral angiogram and a chest X-ray were normal. 

Under general anaesthesia a pharyngeal biopsy was taken, a 
smooth blue-white tumour being exposed through a vertical 
incision. Histological examination (Fig. 3) showed a typical 
chordoma with islets of vacuolated polygonal cells lying in a 
collection of mucoid material. 

Preoperative throat and nose swabs showed no pathogens. 
An oral surgeon did not find either oral or dental sepsis. 


Operative technique 

The operation was performed under general anaesthesia with 
assisted ventilation. A formal tracheostomy was performed. 
Crutchfield skull calipers were inserted and after positioning 
the patient supine in traction with slight neck extension, the 
face was cleaned and towels applied. A Davis gag was inserted 
and the soft palate held anteriorly and superiorly by a pair of 
fine Jacques catheters passed through the nose, brought out of 
the mouth and clipped together. Using the Zeiss operating 
microscope, a vertical incision was made through mucosa and 
pharyngeal musculature in the midline from just below the 
pharyngeal tubercle to the upper margin of C}. Soft tumour had 
expanded from the eroded anterior face of the body of C,; this 
was cleared and the porotic bone removed with an air drill. 
The limits of bony removal were almost to the Cə inter- 
vertebral disc below and into the odontoid process, 2 cm short 
of the arch of atlas, above. Laterally, buttresses of bone were 
left. The spinal canal contained purplish-grey tough tumour 
to a depth of about 1-5 cm which had to be cut away piecemeal. 
Its upper and lower limits were delivered into the defect and 
removed. Laterally, however, venous bleeding from the 
vertebral plexus of vessels prohibited total removal. Haemo- 
stasis was secured by pressure and the use of Surgicel and 
Gelfoam. The exposed dura expanded to fill the spinal canal; 
its surface was involved with tumour but was intact. The 
operative defect was sprayed with topical antibiotics and the 
pharyngeal wall closed with catgut in a single layer, leaving the 
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Fig. 2. A myelogram demonstrating a complete block of the 
spinal canal with posterior displacement of the cord. 
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Fig. 3. A photomicrograph of the chordoma, showing 
vacuolated physaliferous cells in a mucoid stroma. (HE. x 48.) 
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lower part of the incision open to facilitate drainage. There 
was some oedema of the soft palate. A nasogastric tube was 
inserted. 


Postoperative management 

Supine nursing with skull traction (3-6 kg) was employed at 
first. Initially, feeding was via a nasogastric tube. but oral 
feeding was commenced on the tenth postoperative day. The 
tracheostomy tube was removed on day 16 and traction was 
discontinued on day 43. During the period of traction, the use 
of such aids as prismatic spectacles, book holders etc. were of 
positive benefit in maintaining morale. 

Mild infections of the urinary tract and chest responded to 
specific antibiotic therapy. Assessment of cervical stability and 
rehabilitation were carried out at an orthopaedic centre. No 
instability was found and a collar was only worn for a short 
period, Radiotherapy (*Co teletherapy) was then commenced, 
5500 rad being administered in 13 treatments over 30 days 
without ill effect. 

At the time of writing (27 months after operation), the patient 
is well and fully employed as a security guard. His only 
deficits are a mild weakness of the right C, and C, segments 
and a right accessory nerve paresis. 


Discussion 

A progressive tetraparesis of short duration, with 
unequivocal radiological signs of a tumour com- 
pressing the cervical spinal cord, in such a young, 
previously fit man left little doubt as to the course 
of action to be adopted, though it was obvious in the 
light of previous knowledge that a cure would be 
unlikely. An anterior decompression via the mouth 
was most logical as the tumour was presenting on the 
posterior pharyngeal wall. No route to this region is 
technically easy. The various transcranial routes via 
the posterior fossa or middle fossa with tentorial 
splitting are only just adequate for clival chordomas 
and carry a high morbidity. Lateral cervical ap- 
proaches (Southwick and Robinson, 1957) are ham- 
pered by the interposition of the mandible, parotid 
gland, external carotid artery and cranial nerves VII, 
ITX, X, XI, XII. Nearer the skull base, retraction of 
the internal carotid artery and internal jugular vein 
is hazardous. Stevenson et al. (1966) described a 
transcervical route (technically difficult) to the upper 
cervical vertebrae and clivus by which they success- 
fully decompressed a clival chordoma in a 20-year- 
old man. Posterior approaches through a cervical 
laminectomy are hazardous, as much spinal cord 
traction may be necessary and access anteriorly is 
poor. 

The transoral route requires the minimum of ap- 
proach surgery, and, by the use of the palatal flaps, 
may be extended to include the nasopharynx, sphenoid 
and clivus (Wilson, 1951; Loré, 1973). The lower 
limit is the body of C,. First used by otolaryngo- 
logists for the drainage of retropharyngeal abscesses, 
this route was extended for the treatment of spinal 
caries and atlanto-axial fractures by Southwick and 
Robinson (1957) and by Fang and Ong (1962). Since 
then it has been used in neurosurgery for basilar 
aneurysms (Fox, 1967; Wissinger et al., 1967) and 
also to remove a number of chordomas (Mullan et al., 
1966; Arana-Iniguez et al., 1968; Guthkelch and 
Williams, 1972). Subluxation and destruction of the 
odontoid from a metastasis (carcinoma of the breast) 
has been treated successfully by transoral excision 
and grafting (Laurence, 1969). 

A disadvantage of this approach is the limited 
access at depth. By the use of the Zeiss operating 


microscope and the air drill adequate vision and 
control of bone removal become available. A further 
disadvantage is the risk of postoperative infection; 
bacteriological examination is necessary to exclude 
known pathogens and, if present, they must be elimi- 
nated. Just before operation a broad spectrum anti- 
biotic should be administered parenterally and con- 
tinued for 5-7 days postoperatively. The loose closure 
of the posterior pharyngeal wall mucosa aids drainage 
from the operative site, and the risk of serious infec- 
tion, such as meningitis, is minimized if the dura is 
left intact. Any breach in the dura should be closed 
carefully by suturing, with or without a patch of suit- 
able material (fascia, lyophilized dura), as a post- 
operative leak of cerebrospinal fluid is most serious 
and is unlikely to cease spontaneously. Bleeding from 
the vertebral plexus can be troublesome, but local 
applications such as Surgicel and Gelfoam or bone 
wax are usually adequate. The close proximity of the 
vertebral arteries must be remembered. 

Postoperatively, cervical instability may be a prob- 
lem. Anterior fusion with bone blocks has been at- 
tempted both at operation and later with mixed 
success (Fang and Ong, 1962; Mullan et al., 1966). 
Posterior fusion may be carried out later if necessary. 
In the present case, there was no instability. 

The problem of tumour growth is difficult. As a 
large decompression has been fashioned, the tendency 
would be for expansion without compression, at 
least at first, and for further bony destruction with 
the possibility of a pathological cervical fracture. For 
this reason, continued follow-up with radiological 
assessment is important with treatment suited to the 
nature of the problem. Further irradiation is contra- 
indicated at this site but operation or even chemo- 
therapy could be employed. This latter form of treat- 
ment is not well established for chordoma, but cer- 
tainly needs investigating. 


Conclusions 

A chordoma poses many problems to the clinician. 
Diagnosis is often uncertain, the treatment palliative 
rather than curative and the outlook poor. By careful 
planning, however, a good quality of life may be 
maintained for a period. To further this end, the 
transoral approach in cases of high cervical chordoma 
seems well suited; it combines ease of access with 
low morbidity. Radiotherapy may be of help, and in 
the future chemotherapy may play a significant role 
in treatment. 
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Saddlebag hernia 
GEORGE OVIST* 


SUMMARY 

Saddlebag hernia occurs most commonly as a small 
indirect sac in association with an obvious direct in- 
guinal hernia. It may be easily overlooked at operation. 


Hoguet’s maneuvre is the most satisfactary method of 


operative treatment of saddlebag hernia. It is suggested 
that an overlooked indirect sac associated with a direct 
inguinal hernia is a common cause of recurrent inguinal 
hernia. 


SADDLEBAG hernia is a combined direct and indirect 
inguinal hernia. It is also described as a pantaloon 
hernia, a double hernia or a dual hernia, but the 
term ‘saddlebag’ is used most commonly (Watson, 
1948: Burton, 1964; Rains and Ritchie, 1975). 

Saddlebag hernia is easily recognizable when both 
sacs are well developed, but in many cases one of the 
sacs is small and may be readily overlooked at opera- 
tion. The most common type of saddlebag hernia is 
an obvious direct inguinal hernia associated with a 
small indirect sac which may be unobserved unless 
the internal ring is thoroughly explored. 


Incidence 

Hoguet (1920) was one of the first to stress the im- 
portance of saddlebag hernia. In fact, he stated that 
an indirect sac is present in all cases of direct inguinal 
hernia: “Even when the direct hernia is of only 
moderate size, an indirect sac always exists, either as 
a definite sac, or as a small protrusion of peritoneum 
external to the deep epigastric vessels.’ 

Saddiebag hernia occurred in 6 per cent of 13 108 
cases of inguinal hernia described by Glassow (1976) 
and in 29 per cent of 745 cases described by Dodd 
(1968). 

It is obvious that this remarkable difference in the 
incidence rate of saddlebag hernia presented by 
different authors must depend largely on the surgeon’s 
assessment of the significance of the peritoneal con- 
figuration at the internal ring. Fallis (1938) refers to 
a ‘potential’ indirect inguinal hernia sac in association 
with a direct hernia: ‘A careful inspection of the 
posterior internal aspect of the cord will reveal the 
crescentic peritoneal border of the potential indirect 
inguinal hernia sac, a structure which is constantly 
present in close association with the vas.” 

It seems reasonable to conclude that an associated 
indirect hernia is present in a considerable proportion 
of cases of direct inguinal hernia. Failure to recognize 
the presence of the indirect hernia must be responsible 
for a certain number of cases of recurrent inguinal 
hernia (see below). 


Operative treatment 
The most satisfactory method of repairing a saddle- 
bag hernia is by means of the Hoguet manceuvre 
(Fig. 1), which comprises displacement of the direct 
sac to the lateral side of the inferior epigastric vessels 
(Hoguet, 1920). 

The Hoguet manceuvre has received considerable 
support in the United States of America and is recom- 
mended by Harkins and Swenson (1943), Harkins 


(1949), Burton (1964) and Fallis (1964). There is very 
little reference to the operation in the British surgical 
literature; it has been described by Lytle (1969). 

The indirect sac is freed completely from the sper- 
matic cord and internal ring (Fig. la). The sac is 
opened and an exploring finger is passed medially 
into the sac deep to the inferior epigastric vessels 
and into the direct sac. In many cases the indirect 
sac is too small for digital exploration until the open- 
ing in the indirect sac has been extended medially 
into the direct sac (Fig. 15). 

The indirect sac of peritoneum is drawn laterally 
and separated by gentle dissection from the inferior 
epigastric vessels and transversalis fascia so that the 
whole of the direct sac is gradually displaced lateral 
to the vessels (Fig. 1c). It is usually recommended that 
the direct sac should not be opened in order to avoid 
injury to the bladder (Harkins, 1964), but in fact the 
operation is easier and safer if the peritoneal incision 
is extended medially as far as the bladder wall (Fig. 
id). Adequate excision of the combined peritoneal 
sacs may then be undertaken with complete safety 
(Fig. le). The peritoneum is closed with a continuous 
suture (Fig. 1f) and the transversalis fascia and pos- 
terior wall are repaired in the usual way. 


Relation to recurrent inguinal hernia 

There can be little doubt that the overlooked small 
indirect sac of a saddlebag hernia is an important 
cause of recurrent inguinal hernia. McVay (1966) 
stated: ‘During the repair of the usual indirect in- 
guinal hernia, an associated direct inguinal hernia is 
quite obvious. The converse, however, is not true. 
If one’s attention is concentrated on the obvious 
direct hernia, a small indirect sac may be easily 
missed.’ 

Watson (1948) described saddlebag hernia as a 
cause of recurrent inguinal hernia and advised the 
use of local anaesthesia for inguinal hernia operations 
in order to avoid overlooking a sac. 

Harkins (1949) advised that in the repair of all 
groin hernias the peritoneum should be opened and 
digital exploration performed in a search for multiple 
sacs. 

Features which may be of significance in the associ- 
ation of recurrent and saddlebag inguinal hernias 
include the following: 

1. An indirect inguinal hernial sac is a common 
finding in a recurrent inguinal hernia, e.g. Edwards 
(1943) found that in 131 cases of recurrent inguinal 
hernia 75 per cent were indirect; McGregor (1962) 
stated that in 7 of 30 cases of recurrent inguinal hernia 
in a series of 438 operations the original congenital 
sac had not been found at the previous operation; 
Marsden (1962) found that in 45 recurrent inguinal 
hernia cases 24 had indirect sacs, i.e. more than 50 
per cent. | 

It is significant that the incidence of an indirect sac 
in a recurrent inguinal hernia is very small where the 
primary operation has been performed personally by 
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Fig. 1. The Hoguet manceuvre for repair of saddlebag hernia. (For details see text.) 


an acknowledged expert, e.g. in 46 cases of recurrent 
hernia which occurred in a personal series of 13 108 
cases of inguinal hernia operated on by Glassow, 
there was not a single case of indirect inguinal hernia 
(Glassow, 1976); and in Moloney’s personal series of 
253 inguinal hernias with a 76 per cent follow-up 
more than 5 years after operation, there were only 2 
recurrences (0'8 per cent), neither of which was 
indirect (Moloney, 1958). 

2. The majority of cases of recurrent inguinal hernia 
develop within 1 year of the primary operation. In 
Edwards’s 131 cases, where 75 per cent were indirect 


recurrences, 77 per cent occurred within 18 months 
of the first operation (Edwards, 1943). Longacre (1939) 
found 57 recurrences in 837 cases (6°8 per cent), and 
72 per cent of the recurrent cases occurred within 1 
year of operation. Erdman (1923) found 73 recur- 
rences in 978 cases, of which 73-9 per cent developed 
in the first year after operation. 

Edwards (1951) pointed out that these figures are 
based on the time the patients become aware of the 
recurrence and that it Is likely that many recurrences 
begin a few months after the patient is convalescent 
from operation. 
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It is difficult to believe that a new well-formed 
indirect hernial sac could develop so rapidly after an 
operation for inguinal hernia. It is more logical to 
consider that in the great majority of cases of recur- 
rent indirect inguinal hernia the sac has been over- 
looked at the initial operation. 

3. The significance of the crescentic fold of peri- 
toneum at the internal ring in association with a 
direct inguinal hernia is debatable. Fallis (1964) gave 
strong support to Hoguet’s view and advised ‘always 
identifying and opening the potential indirect sac’. 

Cowell (1946) and Bracey (1962) have stressed the 
importance of lax peritoneum in the region of the 
internal ring as a cause of recurrent inguinal hernia. 
It is possible that in cases without a definite indirect 
sac, the careful repair of the internal ring advocated 
by Lytle (1945) and others is adequate in the preven- 
tion of the later development of an actual indirect 
hernia. 

It may be concluded that there is sufficient evidence 
to suggest that a considerable proportion of cases of 
recurrent inguinal hernia is due to an overlooked 
incipient saddlebag hernia. 


George Qvist 
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Hypothyroidism following partial thyroidectomy for 
thyrotoxicosis and its relationship to 


thyroid remnant size 


DAVID TWEEDLE, A. COLLING, W. SCHARDT, E. M. GREEN, 
D. C. EVERED, P. H. DICKINSON AND I. D. A. JOHNSTON* 


SUMMARY 

One hundred and twent ne patients were reviewed 
1-7 years after partial thyroidectomy for thyrotoxi- 
cosis by two surgeons who had left thyroid remnants of 
different size, There was no significant difference in the 
prevalence of hypothyroidism or in the serum levels of 
thyroxine, tri-iodothyronine or thyroid-stimulating hor- 
mone between the two groups of patients. The overall 
prevalence of hypothyroidism was 16 per cent. 


HYPERTHYROIDISM may be treated by antithyroid 
drugs, by radioactive iodine or by surgery, and the 
method chosen for the individual patient is deter- 
mined by many factors. An Editorial in the New Eng- 
land Journal of Medicine (1967) stressed the high 
incidence of hypothyroidism after radio-iodine treat- 
ment, but attention was drawn to reports of a high 
incidence of hypothyroidism following surgery (Hersh- 
man, 1966; Nofal et al., 1966), In the same year, how- 
ever, a Leading Article ( 1967) in The Lancet suggested 
that in the majority of patients the best chance of a 
permanent cure lay in subtotal thyroidectomy by an 
experienced surgeon. Subsequent studies have sup- 
ported surgical treatment of hyperthyroidism (Roy 
et al., 1967; Murley and Rigg, 1968; Colcock, 1971; 
Sawyers et al., 1972; Barnes and Gann, 1974). Never- 
theless, a further Editorial in the New England Journal 
of Medicine (1970) suggested that thyroidectomy for 
Graves’ disease in adults had been replaced by radio- 
iodine treatment. The popularity of thyroidectomy 
has also declined in the United Kingdom (Leading 
Article, 1973), but not to the same extent. One factor 
in the apparent decline in the popularity of subtotal 
thyroidectomy has been the reports of a high risk of 
hypothyroidism (Beahrs and Sakulsky, 1968; Hedley 
et al, 1970; Hedley et al., 1972; Michie et al., 1972; 
Pegg et al., 1973; Michie, 1975) and it has been 
suggested that remnant size is a major factor deter- 
mining the rate of hypothyroidism (Michie et al., 
1972; Pegg et al., 1973; Michie, 1975). Other recent 
studies have produced conflicting evidence (Taylor 
and Painter, 1962; Hedley et al., 1972; Young and 
McLeod, 1972: Griffiths et al., 1974), 

The objective of the present study was to determine 
the prevalence of hypothyroidism, using modern diag- 
nostic criteria, in relation to the size of the thyroid 
remnant. 


Patients and methods 

All patients were referred from the same medical clinic and 
were operated on in the same hospital by one of two surgeons. 
They were reviewed ai least 1 year after operation. Eighty- 
nine patients were admitted under the care of surgeon S. (for 
small remnant) and the 76 patients who could be traced have 
been the subject of a previous report unrelated to the problem 
of thyroid remnant (Evered et al., 1975). Fifty-two patients 
were admitted under the care of surgeon L. (for large remnant) 
and 46 of these could be traced. The age and sex distribution 
of the two groups of patients are shown in Table J. 


Both surgeons used an identical surgical approach, ligating 
the superior thyroid artery and occluding the inferior thyroid 
artery temporarily with a bulldog clip. Both excised part of the 
thyroid lobes with the isthmus and the pyramidal lobe Gf 
present). This was a retrospective study and unfortunately 
remnant sizes were not measured in the majority of the patients 
studied. However, in a subsequent prospective study, remnant 
size was measured by both surgeons in 10 consecutive patients 
undergoing partial thyroidectomy for thyrotoxicosis, using the 
cuboid volume method (Muriley and Rigg, 1968). The operative 
closure of both surgeons was identical. 

A detailed clinical assessment was performed using 
established questionnaires for hypothyroidism (Billewicz et al., 
1969} and hyperthyroidism (Gurney et al, 1970). A bio- 
chemical assessment of thyroid status was also performed. 
Serum thyroxine (T,} was measured by a competitive protein- 
binding technique (Thyopac-4, Radiochemical Centre, 
Amersham), with a normal range of 60-153 nmol/l. The 
serum tri-iodothyronine (Ta) concentration was measured on 
unextracted human serum by a radioimmunoassay technique 
(Hesch and Evered, 1973) with a normal range of 1-21-2-66 
nmol/l. Serum thyroid-stimulating hormone (TSH) was 
estimated using a double antibody radioimmunoassay (Hall 
et al, 1971), the results being expressed as micro-units of 
MRC standard 68/38. The upper limit of normal established 
on a non-hospital population is 5 mu/IL. 


Table I: AGE AND SEX DISTRIBUTION 


Age (yr) Sex 
Surgeon Total Mean Agd Male Female 
S. 76 39-3 11-6 4 72 
i, 46 358 11-5 - 9 37 
Results 


Thyroid remnant size | 

The mean (+s.d.) and the individual volumes of the 
thyroid remnants left by the two surgeons are shown 
in Fig. 1. 


Hypothyroid patients 

Nine of the 76 patients operated on by surgeon S. 
(small remnant) had become clinically and bio- 
chemically hypothyroid prior to this review and were 
being treated with thyroxine. The thyroid function of 
these patients was not reassessed biochemically. A 
clinical diagnosis of hypothyroidism was made in 4 
of the 67 patients reviewed and these 4 patients had 
markedly elevated serum TSH levels (36, 48, 47 and 
29 mu/ml) and depressed serum T, levels (40, 60, 35 
and 34 nmol/l). Three of the 4 had very low levels of 
serum T, (0:29, 0-16 and 0-16 nmol/l). Although one 
patient had a serum T, level within the normal range 
(21 nmol/l), subsequent inquiry revealed that this 
patient had been taking a thyroid hormone prepara- 
tion until 3 weeks before the survey. Thus 13 (17 per 
* Departments of Surgery and Medicine, University of 
Newcastle upon Tyne, 
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Fig. 1, Thyroid remnant size. 


cent) of the 76 patients operated on by surgeon S. 
became hypothyroid (Table 11). 

Seven (15 per cent) of the 46 patients operated on 
by surgeon L. (large remnant) had become clinically 
and biochemically hypothyroid and were being treated 
with thyroxine. The thyroid function of these patients 
was not reassessed biochemically. None of the remain- 
ing 39 patients were considered to be hypothyroid on 
review. 


Hyperthyroid patients 

Three (4 per cent) of the patients operated on by 
surgeon S. were considered to be clinically hyper- 
thyroid on review. Serum T, levels were elevated in 
2 (221 and 212 nmol/l) and the third patient had a 
level at the upper end of the normal range (143 nmol/l). 
All 3 patients showed considerable elevation in their 
serum levels of T; (5:38, 3-72 and 4-53 nmol/l). One 
(2 per cent) of the patients operated on by surgeon 
L. had become hyperthyroid within 6 months of 
operation and had been treated with radioactive 
iodine. This patient’s thyroid function was not re- 
assessed biochemically. 


Euthyroid patients 

Sixty (79 per cent) of the 76 patients operated on by 
surgeon S. and 38 (81 per cent) of the 46 patients 
operated on by surgeon L. were considered to be 
euthyroid after operation. The serum levels of TSH, 
T, and T, of these two groups of patients are com- 
pared in Fig. 2. 
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Fig. 2. Serum TSH, T, and T, in euthyroid patients studied 
after partial thyroidectomy. 
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Fig. 3. The relationship between serum T, and serum TSH 
in euthyroid patients after partial thyroidectomy. 


Table H. POSTOPERATIVE CLINICAL STATUS 


Hypo- Hyper- 

Total Euthyroid thyroid thyroid 

Surgeon No. vA No % No % No. % 

S. 76 100 60 7 13 17 3 4 

L: 46 100 38 BI 7 15 1 2 
Discussion 


Simple estimates of thyroid remnant weight may vary 
by 27 per cent of the actual weight in 75 per cent of 
cases (Hedley et al., 1972). Measurement of remnant 
size by means of wax impressions (Taylor and Painter, 
1962) was found to be unreliable. The cuboid volume 
technique (Murley and Rigg, 1968) assumes that the 
remnant is cuboid in shape rather than ovoid and 
subsequently overestimates the absolute volume. How- 
ever, it is quite apparent from Fig. 1 that surgeon L. 
consistently leaves a larger remnant size than surgeon 
S. (P< 0-001). 

Statistical analysis of the prevalence of hypothyroid- 
ism within the two groups (Table I) shows no signi- 
ficant difference (y? = 0-1; P>0-9). The number of 
hyperthyroid patients was too low for meaningful 
statistical analysis, but leaving a larger remnant size 
does not appear to cause a higher incidence of hyper- 
thyroidism. Although the biochemical assessment of 
the euthyroid patients shows that the larger remnant 
group had higher serum levels of T, and T, and lower 


mean serum levels of TSH than the smaller remnant 
group (Fig. 2), statistical analysis by Student’s z test 
shows no significant difference (P = 0-65, 0-69 and 
0:16 respectively). 

It is apparent that gross extremes of remnant size 
must be a determinant of thyroid function after partial 
thyroidectomy. However, these results obtained in 
two groups of patients with widely different sizes of 
remnant do not support the conclusion that thyroid 
remnant size is an important factor in the determi- 
nation of thyroid status following partial thyroid- 
ectomy (Michie et al., 1972; Michie, 1975) within the 
usual therapeutic range. 

It is difficult to draw firm conclusions from the 
results of some previous studies of this relationship. 
Although a retrospective study suggested that there 
was an inverse relationship between the prevalence of 
hypothyroidism and remnant size in female patients, 
a similar relationship was not apparent in male 
patients, and a subsequent prospective study failed 
to confirm any correlation (Hedley et al., 1972). In 
another review it was reported that there was a better 
correlation between the development of hypothyroid- 
ism and the size of the thyroid remnant than with the 
histology of the resected gland (Griffiths et al., 1974). 
However, statistical analysis of the data given does 
not reveal any significant difference in the incidence 
of hypothyroidism between gland remnants of more 
or less than 6 ml. Although in another study of 46 
patients the 8 cases of hypothyroidism occurred in 
patients with gland remnants of 8 ml or less, only 2 
of these occurred in patients who had gland remnants 
of 4 ml or less (Young and McLeod, 1972). An exten- 
Sive prospective and retrospective investigation of 
482 patients concluded that ‘efforts to find an opti- 
mum remnant size are unlikely to be rewarding’ (Hed- 
ley et al., 1972). 

Too much emphasis has been placed upon the size 
of the thyroid remnant and too little emphasis placed 
upon its function. It is apparent at operation that the 
consistency and vascularity of the thyroid gland of 
patients who receive the same preoperative pharma- 
cological preparation varies considerably, and the 
serum levels of T, and T, shown in Fig. 2 illustrate 
that there is a large variation in residual thyroid func- 
tion in both groups. However, attempts to correlate 
thyroid function after partial thyroidectomy with the 
histology of the resected thyroid tissue (Whitesell 
and Black, 1949; Greene, 1951) have not proved 
reliable (Roy et al., 1967; Young and McLeod, 1972). 

It has been suggested that the high incidence of 
hypothyroidism after partial thyroidectomy for thyro- 
toxicosis reported in recent reviews (Hedley et al., 
1970; Michie et al., 1972) may represent a more 
critical evaluation of thyroid status. However, the 
overall incidence of hypothyroidism in the 127 patients 
reviewed here by similarly precise and specific tech- 
niques (Evered et al., 1973) was 16 per cent. 

Statistical analysis of the post-thyroidectomy 
measurements of serum TSH and T, in the euthyroid 
patients shows an inverse correlation in both groups. 
Analysis of covariance shows that these data can be 
pooled (Fig. 3) and that there is a highly significant 
negative correlation between serum TSH and T; 
(P<0-001). This appears to conflict with a previous 
study which showed no significant difference between 
mean serum T, levels in two groups of patients who 
had normal or raised TSH levels following partial 
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thyroidectomy (Hennemann et al., 1975). However, 
for inclusion in the latter analysis, the patients were 
not only required to be clinically euthyroid but were 
also required to have normal T, levels. In this present 
study all clinically euthyroid patients were included 
regardless of their serum T, level. An inverse relation- 
ship between TSH and T, has been demonstrated in 
patients with endemic goitre (Kochupillai et al., 1973). 

In the clinically euthyroid patients, 4 out of 5 
patients with abnormally low levels of serum T 4 aSSOCi- 
ated with abnormally high levels of serum TSH were 
from the small-remnant group and all 3 patients with 
abnormally high levels of serum T, were from the 
large-remnant group. These patients will continue to be 
reassessed at frequent intervals to determine whether 
they develop clinical hypothyroidism or hyper- 
thyroidism. However, this is unlikely as frequent 
assessment of the patients in this study who under- 
went thyroidectomy up to 7 years ago has shown that 
change in thyroid status is unusual more than | year 
after operation. Nevertheless, if these two groups of 
5 and 3 patients were assumed to be hypothyroid and 
hyperthyroid respectively, and were included in Table 
Hl, statistical analysis still fails to demonstrate any 
difference in the prevalence of hyperthyroidism, euthy- 
roidism or hypothyroidism. 

Only 42 out of 98 euthyroid patients had a normal 
serum TSH, although the serum T, was normal in 88 
and T, in 74, The significance of an elevated TSH 
after subtotal thyroidectomy remains uncertain, but 
an earlier study (Evered et al., 1975) has demonstrated 
that those subjects with an elevated TSH have a signi- 
ficantly lower T, than those with a normal TSH. 
These patients could be classified as having sub- 
clinical hypothyroidism (Evered et al., 1973). The 
incidence of symptomatic hypothyroidism in this 
group is unknown and will be determined by subse- 
quent long term assessment. 

After radio-iodine treatment the incidence of hypo- 
thyroidism may reach 41 per cent at 1 year and 80 per 
cent at 15 years (Hershman, 1966; Greig, 1973), and 
it has been implied that hypothyroidism is the end 
result of such treatment in all patients (Greig, 1973). 
It would appear, therefore, that subtotal thyroid- 
ectomy remains an effective and satisfactory method 
of treating hyperthyroidism in appropriately selected 
patients. However, no particular type of treatment 
is ideal for all cases of hyperthyroidism. 


Conclusion 

The prevalence of clinical hypothyroidism following 
partial thyroidectomy for thyrotoxicosis in Newcastle 
upon Tyne is about 15 per cent. The results of this 
Study suggest that the wide variation in thyroid func- 
tion seen after subtotal thyroidectomy cannot be 
attributed to variation in remnant size and that differ- 
ences in the demographic incidence of postoperative 
hypothyroidism suggest that other factors may be 
important. The analysis of data collected in Aberdeen 
and Newcastle (Bewsher, 1975; Tunbridge, 1976) does 
not suggest that this difference is a consequence of 
differences in the intake of inorganic iodine. 
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Pulse wave form transit ratios in the assessment 
of peripheral vascular disease* 
ALAN D. CRAXFORD AND JOHN CHAMBERLAIN? 


SUMMARY 

This paper presents a ratio of the pulse wave form 
transit times in the proximal and distal arterial tree, 
produced by a simple, non-invasive, repeatable and 
reproducible technique. It has been shown to be highly 
significant in separating nermal from disease states 
and the proximal from the distal lesion. It has been 
shown to be independent of the effects of age. 

In the clinical situation the ratio is of value in the 
initial assessment of the patient (by separating ischaemic 
from non-ischaemic limb pain); in elucidation of signi- 
ficant occult proximal lesions in the presence of distal 
disease; in indicating the type of angiography required 
(femoral arteriography rather than translumbar aorto- 
graphy in suitable subjects); in following the progress 
of patients in operative and conservative management 
régimes; and in the long term follow-up of the natural 
history of obliterative vascular disease. 


THERE is a continuing need for a simple but accurate 
method of investigating patients with obliterative 
arterial disease. 

Doppler ultrasound was introduced as a diagnostic 
instrument for the study of peripheral arterial disease 
some [5 years ago (Stegall et al., 1966; O’Rourke, 
1967). Before this, physiologists and clinicians alike 
had suggested the importance of blood flow and pulse 
wave propagation times as parameters of vascular 
physiology and pathology (Learoyd and Taylor, 1966; 
McDonald, 1974), It is not new for Doppler-produced 
wave forms from arteries to be studied and deduc- 
tions made about the state of the vessel wall. Pressure 
index, damping factor and transit time have all found 
a place in the description of the disease state (Wood- 
cock et al., 1972), but these are mainly local measure- 
ments being descriptive of the point at which the 
tracing was made. 

It has been shown that Korotkoff’s sounds in the 
arm bear a constant time relationship with the ORS 
complex of an ECG trace (Da Costa et al., 1974). It 
has also been suggested that a similar relationship 
exists between the R wave and the peak flow velocity 
in normal subjects (Harper et al., 1974). 

This study was set up to follow the progress of the 
pulse wave form down normal and abnormal arteries 
and to correlate speed with disease (in particular to 
distinguish between proximal and distal lesions and 
to exclude one in the presence of the other) and to 
develop a new, simple, non-invasive yet quantitative 
technique for the repeated assessment of patients with 
obliterative arterial disease. 


Methods 

Fifty-five patients with peripheral vascular disease (age range 
50-78 years) and 15 persons with no evidence of arterial 
occlusion (age range 24-67 years) have been studied. 

The subject was rested supine in a warm room for 5 min. 
Using the Doppler probe a 10-sec series of pulse wave forms 
was taken from each common femoral and each posterior tibial 
artery. The probe was positioned immediately below the 


na 


inguinal ligament for the proximal trace. An ECG was recorded 
simultaneously. 

The equipment used was a Parks Doppler and an SE 
amplifier and UV recorder. A paper speed of 100 mm/s was 
used to simplify measurements. 

From these tracings the time interval from the peak of the 
R wave to a standard reference point (which was arbitrarily the 
midway point) on the up-slope of the wave form was measured 
and the mean transit time was calculated for each examination 
site (Fig. 1). In this paper, the R wave to groin (or common 
femoral artery) time is called 7; the mean R wave to ankle 
(or posterior tibial artery) time is 7,; and the mean groin to 
ankle time 7). 


Results 

When using the absolute value of the transit times in 
milliseconds it was found that there was an almost 
total overlap between normal and abnormal subjects 
at the groin. This lack of separation tended to persist 
to the ankle and also when comparing the transit times 
overall (Figs. 2, 3). This makes these values unhelpful 
in the diagnosis of the disease state, 

However, when the ratios of the transit times are 
compared, a significant separation occurs. Two ratios 
have been studied, these being T, : T, and T, : T, 
Whilst only the former is described here, comparable 
results have been found with both ratios and they bear 
a mathematical relationship to one another. 

Initially the patients were separated into groups by 
symptomatology—normal, symptomatic and asymp- 
tomatic. The ratios in each group were then compared 
(Fig. 4), The critical value of the ratio is 1-20, normal 
subjects coming mostly within the range below this 
and patients with disease above it. 

When the asymptomatic limb of patients with 
known disease is considered, there is a considerable 
spread of values. This presumably indicates the pre- 
sence of occult disease in those patients with a ratio 
above 1-20. 

Patients were then allotted to smaller groups cor- 
responding to their disease state by clinical exami- 
nation, exercise response, arteriography and opera- 
tive findings. 

There were 26 proximal, 29 superficial femoral and 
27 mixed lesions amongst the symptomatic group. 
The ratios of each group were further analysed and 
the results are given in Fig. 5. This can be summarized 
as follows (P<0-001): 


Normal limb: less than 1:20 


Proximal lesion: 1:20-1-30 
Distal lesion: 1-30~—1-45 
Mixed lesions: above 1:45 


When the clinical results from the asymptomatic 
limbs were compared with the ratios it was found 


* Based on a paper presented at the lith Congress of the 
European Society for Surgical Research in Dublin, April 1976 
(Craxford and Chamberlain, 1976). 

+ Newcastle General Hospital and Department of Surgery, 
University of Newcastle upon Tyne. 
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Fig. 1. The trace. 
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Fig. 2. Comparison of absolute values of R wave to femoral 
artery (7,); R wave to posterior tibial artery (Ta) and 
common femoral to posterior tibial artery (Tp transit times 
in normal subjects and in known disease states. 


that 8 were above 1-20 and 5 of these proved to have 
significant disease. One patient had a normal ratio 
but radiological evidence of iliac stenosis. Three 
patients without symptoms but with suspicious ratios 
were unavailable for further assessment. 


Discussion 
The pulse wave form record produced by the Doppler 
probe is an indication of the velocity of the blood at 
the point of examination. This in turn is probably 
influenced both by the rate of blood flow and the 
compliance of the vessel wall, consequently changes 
in the pulse wave form velocity may reflect patho- 
logical changes in the artery associated with athero- 
sclerosis. 

It was noticed early in the study that the pulse 
wave form differs in height and shape from beat to 
beat, making inferences from such parameters difficult. 
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Fig. 3. Comparison of T, and T, transit times in known 
proximal and distal disease states. 


This is partly due to difficulty in keeping the ultra- 
sound probe at exactly the same angle when taking 
the trace, but must also be influenced by the physio- 
logical changes that occur in the vascular tree from 
beat to beat. This variation is at least partly brought 
about by stroke volume and autoregulation of peri- 
pheral resistance. 

For measurement purposes the midway point on 
the up-slope of the wave form was taken for reference. 
There has been much controversy over which part of 
the wave form travels most consistently, as the shape 
of the wave form alters as it travels distally. As 
McDonald (1974) points out, a point one-third of 
the way up the up-slope at the common femoral 
artery does not necessarily correspond with the same 
position on the wave form at the ankle. Various 
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Fig. 4. Distribution of the ratio 7, : T,. 


points were tried initially but the halfway mark was 
found to be the most easily and accurately measur- 
able. No real difference was found in the ratio which- 
ever point was taken and the ratio remained inde- 
pendent of the shape of the wave form. 

It has been repeatedly stated that the pulse wave 
form travels faster as the vascular compliance de- 
creases, normally with age and decreasing vascular 
calibre. In this present study the transit times in 
absolute terms have been markedly slowed by occlu- 
sions and stenoses. It may be that although the wave 
is travelling faster it is taking a more tortuous course 
through the collateral circulation. 

It is known that age tends to cause a decrease in 
transit time whereas disease causes an acceleration 
(O’Rourke et al., 1968). This led to initial difficulties 
in deciding upon criteria for constituting a control 
group. It was thought that young subjects might not 
compare directly with older age groups because of 
the known effects of age. However, when, such a 
group was compared both with older individuals 
without any evidence of disease and with the asymp- 
tomatic limb of patients that had been proved to be 
free of disease, the range of values of the ratios coin- 
cided. Therefore it was concluded that age had no 
effect on the ratio, even though the absolute times 
that had been measured to produce the ratio followed 
the known trend. This relationship is presented in 
Fig, 6. 

It has also been noted that there are marked differ- 
ences in the behaviour of the pulse wave form in 
different parts of the arterial tree. It is felt that the 
proximal and distal segments can be considered 
separately. It may be that there are factors occurring 
at the root of the aorta which determine the initial 
propagation velocity and that these may be age- 
dependent. However, the ratio can be expressed as: 
(7,+T7,):T,. This would suggest that individual 
changes in the values of the proximal and distal 


Pulse wave form transit ratios 45i 
1.70 
evers 
A è 
To 
1.66 æ 
++ 
A 
eS 
e ae 
4 % 
50 r "i 
+ 
» 
1.40 g 
u3} Z : 
$ 
p 2 
; Soa . 
1.20 ® Seve 
one 
asos e 
pu e 
é 
1.10 fe 
pen 
w 
= > 
E 
Normal Proximal Distal Mixed 


Fig. 3. Comparison of the ratio Ta : T, in normal subjects 
and in patients with proximal, distal and mixed arterial 
disease. 
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Fig. 6. Comparison of the 7, : T, ratio in normal subjects 
and in the asymptomatic limb of vascular patients in relation 
to age. 


transit times would have their own characteristic 
effect upon the ratio. Similarly, central factors occur 
on both sides of the ratio and would therefore tend 
to be self-cancelling. It is felt that the ratio is an 
expression of the compliance of the vascular tree as 
a whole. 

The transit times also vary if repeated estimates 
are performed on the same individuals, but the transit 
time ratios remain almost constant. 

The ratio has been seen to change after successful 
surgery. Once the patient has returned to a stable 
vascular state, his new ratio is that of his current 
situation. Thus a patient with mixed proximal and 
distal disease who underwent a proximal bypass graft 
had a final ratio which lay within the distal disease 
range. 
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Patients who have undergone successful sympa- 
thectomy have a ratio which approximately relates to 
the normal range, even though their claudication 
symptoms may not have fully resolved. A further 
study is at present being carried out to investigate 
the changes in proximal and distal transit times and 
the reaction of the transit ratios to various physio- 
logical and surgical situations. It may be that this 
will provide a simple prognostic test of lumbar sympa- 
thectomy. 

The method has been found to be reproducible 
using different equipment and different operators. 
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Reviews and notices of books 


Endocrine Surgery: A Handbook of Operative Surgery 
Edward Paloyan and A. M. Lawrence. 210 x 145 mm. Pp. 269, 
with 48 illustrations. 1976. London: Lloyd-Luke. £13. 


SURGICAL endocrinology is emerging as a distinct discipline 
within surgery. The subject has appeal to surgeons with an 
interest in endocrinology and the physiology of the endocrine 
glands. 

This small book is an interesting addition to the literature. 
It deals mainly with the presentation of endocrine disorders 
and the surgery of endocrine pathology. The short historical 
introductions to each chapter outlining landmarks of progress 
are of value. The book has 48 full-page black and white draw- 
ings. Some of these are useful but many could have been left 
out without detracting from the book. 

Disease of the parathyroid glands is given the largest section, 
but it is unusual that the discussion on parathyroid surgery 
should describe a single procedure for all occasions and not 
discuss the widely held view that surgery in primary hyper- 
parathyroidism should be related to the severity of the disease 
and operative findings. Virtually nothing is said, for example, 
about adenomas of the parathyroid glands. 

The main criticisms of the book are that there is very little 
on the immediate and long term results of surgery and that 
the description of diagnostic methods is lacking at times. 
There is no reference, for example, to the secretin test in the 
diagnosis of the Zollinger~Ellison syndrome and the glucago- 
noma syndrome is not described. The book is really a beginner's 
text in surgical endocrinology and it is hardly likely to fulfil all 
the requirements of a keenly interested postgraduate student 
or a surgeon developing a special interest in the subject. 

I. D. A. JOHNSTON 


Brief Textbook of Surgery 

Edited Curtis P. Artz, Isidore Cohn and John H. Davis. 250 x 
170 mm. Pp. 694 + xvi. Illustrated. 1976. East Sussex: Saunders. 
£13. 


By North American standards this is a brief textbook, yet a 
wealth of information is included. The editors state that it is 
designed as a ‘core’ course for undergraduates whilst those 
intending to pursue surgery will require a ‘standard’ textbook. 
None the less, to the British student the average standard 
American book appears unnecessarily large and detailed for his 
requirements, but this present volume will approach more 
closely to his needs and training. At just under 700 pages it is of 
comfortable size for handling and reference. The problems of 
moulding the style of 65 contributors must have been formidable, 
but by a logical presentation of facts, sound editing and 
excellent prose the editors have produced a book which is 
simple to follow, retains interest in the subject and is easy to 
read. The illustrations unfortunately are not of the same high 
standard, being relatively sparse and in some instances of 
doubtful necessity. Details of operations have not been included 
but there is a well-selected bibliography of references at the 
conclusion of each chapter. 

In accordance with American practice, gynaecology is 
included but not orthopaedics, which would have been more 
valuable in the UK. A number of chapters are devoted to 
special subjects which are useful but which would have benefited 
from a greater use of cross-reference. The sections on gastro- 
intestinal haemorrhage and on the acutely injured patient are 
sound and practical. Paediatric surgery is well presented but the 
inclusion ofa further chapter on paediatric urology is repetitious 
and unnecessarily specialized. In contrast, the authors of the 
spinal cord chapter invited criticism from their own students 
and the result is a good treatise of that subject. Reference to 
transplantation is essential, but the overall balance appears 
upset when injection of varicose veins is not mentioned under 
their treatment, when inflammation of the salivary glands is not 
discussed and calculi omitted, whilst haemorrhoids are dis- 
missed in eight lines without reference to injection therapy. 
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Set against the overall excellence of the book such criticisms 
are minor, and Fluid and Electrolytes by Francis Moore and 
Burns by Curtis Artz are particularly good sections. At present 
inflationary prices the cost is not unreasonable for the quality of 
printing, type and binding and it can be strongly recommended 
to the British undergraduate as not only a ‘core’ book for his 
examinations but as one which could stimulate his interest and 
quest for further surgical knowledge. 

DAVID A. MACFARLANE 


Ion and Enzyme Electrodes in Biology and Medicine 

Edited M. Kessler, L, C. Clark jun, D. W. Lubbers, I. A. Silver 
and W. Simon, 240% 175 mm. Pp. 422+-xi, Ilustrated. 1976. 
Munich: Urban & Schwarzenberg. No price given. | 


Tms book reports the proceedings of an international sym- 
posium on ion-selective and enzyme electrodes. It deals com- 
prehensively with both the theoretical and practical applica- 
tions of such electrode systems in biology and. medicine. The 
enzyme electrode is still in its infancy and several interesting 
papers describe enzyme estimations in tissues and fluids by 
oxygen and hydrogen peroxide release on platinum electrodes. 
These systems may prove to be of great value in tissue studies 
but more traditional chemical methods must remain the 
choice for biological fluids at present. 

The ion-selective electrodes already have an established 
reputation in measuring Nat, K+, CH, NH, Catt and PO, 
both in tissues and biological fluids. This is dealt with in two 
sections in this book and is of great interest since ion fluxes 
across membranes etc. have up to now usually required expen- 
sive radioactive tracers and monitoring equipment. Construc- 
tion of pH and ion-selective microelectrode systems for intra- 
cellular studies are also described. 

The references following each contribution are few by 
modern day standards but this reflects the newness of this 
field. This symposium offers a great deal for the specialized 
research laboratory but little for the general surgical depart- 
ment. C. G. CLARK 


Gibbon’s Surgery of the Chest 

David C. Sabiston and Frank C. Spencer. Third edition. 
260x 195 mm. Pp. 15924- xxi. Illustrated. 1976. Philadelphia: 
Saunders. No price given. 


THe most advanced and also established techniques in 
cardiac and thoracic surgery are well described in this textbook. 
Entire chapters are devoted to subjects as varied as thoracic 
injuries, through to the surgical treatment of the complete 
atrioventricular canal. 

The sections on diseases of the lungs, pleura, trachea and 
oesophagus are vital ingredients of such a modern textbook in 
times when cardiac surgery demands and captures the attention 
of many registrars in training, to the detriment of patients who 
have non-cardiac thoracic disease or injury. The sections on the 
heart and great vessels are remarkable for their completeness 
and clarity of description of often conceptually difficult cardiac 
physiology and cardiac operations. The pharmacological and 
dietary management of atherosclerosis, as well as all known 
cardiac operations, are justifiably given a complete section in 
the treatment of the coronary circulation. Dr Michael Laver’s 
chapter on blood-gas exchange and haemodynamic perfor- 
mance is as complete and as easily understood as we now come to 
expect from this doyen of cardiothoracic anaesthetists practising 
at the Massachusetts General Hospital. 

The growing edges such as the role of computers in cardiac 
surgical practice and heart and lung transplantations are well 
covered. 

This must be the best textbook on cardiothoracic surgery in 
print. 

C. LINCOLN 
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Immunology, Aging, and Cancer. Medical Aspects of Mutation 
and Selection 

F. M. Burnet. 212 x 140 mm. Pp. 162, with 9 illustrations. 1977. 
Reading: Freeman. £8 hardcover, £4:80 papercover. 


Tuts book is the published version of lectures delivered 
originally at the Irvine Campus of the University of California 
and subsequently in the University of Southampton. The main 
theme is the application of Darwinian principles to populations 
of cells, with particular reference to cells concerned in the 
reaction of the body to foreign materials; it therefore covers 
such subjects as the clonal selection theory of acquired immunity, 
the functions of T cells and B cells, homeostasis and self- 
monitoring in the immune system, mutation, autoimmune 
disease and immunological theories of aging and cancer. The 
author has written extensively on all these subjects, but this 
book incorporates new and illuminating ideas, and provides a 
challenging reply to recent criticism of the hypothesis of 
immunological surveillance. 

Why, say the critics, is the predicted increased cancer 
incidence in immunosuppressed patients predominantly in 
respect of tumours of the lymphoreticular system? Because, 
says Burnet, the fantastic degree of diversity which must be 
generated in cell populations concerned with immunological 
responses makes the system particularly prone to mutational 
errors and hence, among other things, to a high incidence of 
cancer; a state of affairs which is largely concealed in normal 
people by the operation of surveillance mechanisms. 

It is tempting to give more examples but space forbids. 
Suffice it to say that people seriously interested in the border- 
land of medicine and basic biology who have not previously 
read Burnet have here an opportunity of sharing the kind of 
experience John Keats had on first looking into Chapman’s 
Homer: while those familiar with other books and papers of 
Burnet will find illuminating answers to many, though of course 
not all, of their questions, and will rejoice to find that one of the 
great figures in the history of biology so far appears immune to 
the consequences of advancing years as seen in lesser mortals. 

It is perhaps scarcely necessary to add that the book is not 
recommended to those who simply want a crib to help them 
through the primary FRCS examination. They would certainly 
feel that Burnet was telling them more than they wanted to 
know. 

MICHAEL WOODRUFF 


The Lumbar Spine and Back Pain 
Edited Malcolm Jayson. 250 x 155 mm. Pp. 400. Illustrated. 1976. 
Pitman Medical: Tunbridge Wells. £14. 


Tais book comprises 18 chapters, each by an acknowledged 
expert or experts, covering every aspect of mechanical derange- 
ment of the spine, from epidemiology and industrial cost to the 
most recent advances in investigative and diagnostic techniques. 
Dr Jayson has marshalled his contributors with skill, and the 
benefits of multiple authorship are well exploited. The inherent 
disadvantages-—-the overlaps, the gaps, the intrinsic contra- 
dictions-~are relatively few, but they do occur, and unfortunately 
in areas that are of some importance. The physiological degree 
of compressibility of intervertebral discs, for instance, has long 
been evident in the diurnal change in vertebral column length; 
pathological compressibility, with its probable hydrodynamic 
effect on disc annulus, was first demonstrated more than 
20 years ago, and is described with admirable clarity in the 
present book’s chapter on biophysics. In other chapters, 
however, not only is the nucleus held to be incompressible, but 
its incompressibility within an elastic annulus is equated with 
good shock-absorbing performance, whereas efficiency in a 
shock absorber demands not elasticity but the controlled and 
progressive dissipation of energy, such as a gel can, under 
appropriate conditions, provide. A deficiency of much more 
importance to clinicians and patients is the omission of any 
clinical mention of foraminal nerve root entrapment, which has 
been increasingly recognized over a number of vears as a major 
source of hitherto unexplained disability. It is left to a radi- 
olegist, in one of the two or three really notable chapters, to 
make a plea for ‘lateral stenosis’ to be included in the differential 
diagnosis, and to point to the excellent results of surgery. 


There are helpful, if sometimes prolix, contributions on 
the clinical measurement of spinal movement and on pain 
perception; but with one exception it is the scientists and the 
paraclinicians who are the pace-setters. This exception is the 
double contribution from the orthopaedic department at 
Goteborg, with honourable mention going also to the régime 
for non-specific backache devised at Danderyd. It is particularly 
refreshing to see a department that has been one of the front 
runners in biomechanical investigation capable also of devising 
a simple, practical and widely applicable régime for the problem 
patient. 

If the clinical material as a whole is perhaps lack-lustre in 
comparison with the rest, it does not detract greatly from the 
total value. This is a book for enthusiasts; it brings together 
firm evidence from the widest possible selection of relevant 
disciplines; it is in most areas admirably objective where 
objectivity is notoriously difficult to achieve; and it must 
exercise a beneficent cross-fertilizing influence. Its avowed 
intention is to stimulate continuing research, and in this it 
should certainly succeed. 


N. G. C. HENDRY 


Recent Advances in Gastroenterology 3. 
Edited lan A. D. Bouchier. 235x 165 mm. Pp. 338-> viii. 
Illustrated. 1976. Edinburgh: Churchill Livingstone. £13. 


BRITISH surgeons may need to look to their laurels for none has 
achieved the distinction of contributing to this edition of 
Advances in Gastroenterology. There is more emphasis, and 
rightly so, on important advances in paediatrics. Hormone- 
secreting tumours of the gut, the effects of massive smal! bowel 
resection and ERCP are of particular interest to the surgeon 
and succinctly dealt with. A chapter on porta systemic shunts is 
valuable for its logical approach to the problem. 

There is a wealth of information on topics of general interest 
to the gastro-enterologist, who will wish to possess this book. 
The general surgeon will almost certainly prefer to refer to it in 
the library. 

C. G. CLARK 


Humoral Aspects of Transplantation 

Edited Albert L. Rubin and Kurt H. Stenzel, 250 x 175 mm. Pp. 
152. Hlustrated. 1976. New York: Grune & Stratton. No price 
given. 

Tuts book is the hardbacked edition of the June 1976 issue 
of the journal Transplantation Proceedings. It comprises the 
papers given at a meeting with the same title held in New 
York in September 1975. 

The book contains a number of interesting contributions 
on HL-A antigens, antibodies in transplantation, immuno- 
suppressive factors and a final section on pregnancy and 
placental globulin. Each section in turn contains papers with 
up-to-date facts in all of these areas, and will be of interest 
to those interested in HL-A antigens and enhancement in 
transplantation. However, the book is already to a certain 
extent out of date, as it represents material presented in Sep- 
tember 1975. Most of the workers in this field will already 
have seen the material in the usual publication of Transplanta- 
tion Proceedings. For those who did not but who would like 
recent views on the subjects outlined above, the book will be 
useful. 

P, R. BELL 


introductory Medical Statistics 
R. F. Mould. 250x.195 mm. Pp. 98+ xi. Illustrated. 1976. 
Tunbridge Wells: Pitman Medical. £4. 


THis book arose from a course of lectures to medical students 
and is written by the principal physicist at Westminster Hos- 
pital. His ability to explain the statistical methods used in 
clinical studies is a measure of his knowledge of the doctor's 
needs. The book is concise and illustrated with well-chosen 
examples of methods of data presentation. It is easy to read 
and the author states that he has reduced the mathematics 
to a minimum! Highly recommended. 

C. G, CLARK 


immunology 
Edited F. M. Burnet. 285 x 210 mm. Pp. 275, with 250 illustrations. 
1976. Reading: Freeman. £9-70 hardcover, £4-50 papercover, 


Tras is a most delightful collection of articles on immunology 
selected from Scientific American articles over the past 15 years 
or so. The articles have been selected by Sir Macfarlane Burnet 
and, together with his introductory comments to each section, 
provide an illuminating history of developments in immunology 
over the past 20 years, the so-called golden age of immunology. 
It is fascinating to read some of the early articles, such as that 
written in 1962 on the thymus by Sir Macfarlane Burnet him- 
self or that by John Merril on transplantation in 1959, in view of 
subsequent developments. Certainly there has been progress, 
but there is also little doubt that we are just discovering the 
mechanisms by which the immune system is so exquisitely 
regulated. As always in Scientific American articles, the illus- 
trations and figures are superb, making this an excellent book 
for the student of immunology and also for the practising 
clinician with an interest, as it will allow him to acquire a basic 
grounding in immunological concepts quite painlessly. 

P. J. MORRIS 


Clot 
James L. Tullis. 230x 150 mm. Pp. $72--xvi. 1976. Illinois: 
_ Thomas. $39.50. 


IN a disease of undetermined cause, such as thrombosis, there is 
a tendency for laboratory research to develop a momentum of 
its own which may not be directly related to the problem as 
seen in clinical practice. Consequently, the gap widens between 
what is being studied and what is being applied at the patient’s 
bedside. The aim of this book is to bridge the arbitrary gap 
which separates laboratory workers and clinicians. However, 
the information presented can hardly justify this claim. Although 
bleeding disorders, especially haemophilia, receive compre- 
hensive reviews, discussion on the management of thrombotic 
disorders is incomplete, very little attention is paid to recent 
developments that have taken place in diagnosis, prevention 
and treatment-——including the value of thrombolytic therapy. 
The cost of the book ($39.50) makes it prohibitive for most 
students and clinicians to whom it is addressed. 
V. V. KAKKAR 


Surgery in Thyroid Disease: the Place of Total Thyroidectomy 
Samuel L. Perzik. 225x 160 mm. Pp. 273 + xiii, with 40 illus- 
trations. 1976. New York: Grune & Stratton. $17.95. 


Tuis volume purports to be a vindication of the thesis of 
Perzik and his former associate Katz that total thyroidectomy, 
irrespective of the patient's age, is the acceptable treatment for 
most thyroid disorders, but in particular for Graves’ disease 
and toxic nodular goitre. 

The layout of the volume is impressive but tends to be 
repetitive, as if the author were trying to convince his reader, as 
well as himself, of the validity of his argument. In this he has a 
monumental task, for his precepts of surgery for the toxic gland 
run counter to dogma presently acceptable on both sides of the 
Atlantic. In support of his belief in total thyroidectomy his 
estimate of postoperative hypothyroidism, both in the toxic and 
non-toxic gland, is very high following partial thyroidectomy. 
Furthermore, though he professes arguments which would well 
fit in with the modern concept of the ‘hungry bones’ phenomenon 
in postoperative hypocalcaemia, he clings to the concept that 
postoperative hypoparathyroidism follows interference with the 
parathyroids or their blood supply. 

Some elaboration might have been expected of the thesis that 
dermatopathy and exophthalmos in the toxic patient would 
benefit from total thyroidectomy. None is forthcoming. 
Dermatopathy is dismissed in a single sentence without 
Statistical back-up. Ophthalmopathy is also summarily dealt 
with, again without statistical evidence, and the author’s 
statement that ‘ophthalmopathy when not already present, does 
not occur after total thyroid ablation. This is not true of 
subtotal thyroidectomy’ is open to argument, for in the 
reviewer's experience exophthalmos commencing de novo after 
subtotal thyroidectomy is rare indeed. 
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As in other surgical disciplmes, techniques tend to become 
standardized and surgical tenets firmly held. The reviewer, 
however, would cast some doubt upon trunk ligation of the 
superior thyroid artery, for in approximately 19 per cent of 
patients the external branch of the superior laryngeal nerve 
traverses the tributaries of the superior thyroid artery as they 
disperse on the superior pole. Nor can the reviewer see any 
objection to trunk ligation of the inferior thyroid artery which 
would obviate the bleeding the author experiences in mobilizing 
the posterolateral aspect of the lobe. 

it is, however, the chapter on thyroid cancer which is most 
difficult to understand. The author gives an incidence of 9 per 
cent neoplastic change in toxic glands and accepts the absence 
of recurrence as an argument in favour of total thyroidectomy. 
The reviewer’s incidence is 1-6 per cent only, though with 
evidence of vessel invasion in approximately half, but in none 
of the 30 patients, some reviewed from 15 to 30 years, has there 
been evidence of recurrence. Unfortunately the author does not 
use the standard classification of differentiated and undifferen- 
tiated tumours, preferring a subdivision of papillary, follicular 
and solid. For these he presents the remarkably good results of 
4-4 per cent mortality after 1 to 15 years and 8-6 per cent after 
27 years, figures which surely have no equal in the English 
literature. 

This book must be read with an open mind. It cannot be 
recommended unreservedly for the student or young post- 
graduate. Its tenets and philosophy are so unorthodox and 
unusual that its perusal should be by those who have sufficient 
knowledge and experience in thyroid surgery to be discriminat- 
ing. If the purpose in writing a book is the dissemination of 
knowledge which will attract converts and adherents, it would 
seem unlikely that this book will achieve its purpose, for on the 
evidence presented the professed thesis that total thyroidectomy 
is the operation of choice for most aspects of thyroid pathology 
cannot be said to be convincing. 

W. MICHIE 


Michael Woodruff on Science and Surgery 

Sir Michael Weodruff. 198% 125 mm. Pp. 154 -+-viti, 1977. 
Edinburgh: Edinburgh University Press. £4 hardcover, £1:-50 
papercotver, | 


To collect and republish one’s essays and addresses towards the 
close of a long and full career is a well-established habit. Often 
the result is less than pleasing for the reader because almost 
inevitably time’s inexorable march dulls the bright message 
pertinent to the day or blunts the sharp critical knife so essential 
to the hour. 

Michael Woodruff, recently retired from what I should still 
like to see called the Chair of Systematic Surgery at Edinburgh, 
begins in this respect from less of a disadvantage than most: his 
career has been of the greatest distinction; he has spanned a 
turbulent and exciting period in war and peace, making original 
contributions in the climate of both; and above all he is a 
professional scientist and man of ideas, immune to agonized 
concern about his role. This is nowhere better shown than in his 
inaugural lecture for the Edinburgh chair which reads as 
freshly as when many years ago and with some excitement—for 
was not a professor of surgical science somewhat of a galactic 
phenomenon for Edinburgh-i heard it delivered. In particular, 
and typical of the man, were the last throwaway lines which 
are worth quoting: ‘I do not know whether I have convinced 
you that surgical science exists or not, nor do I greatly care. 
What matters is that there is a job to be done—and we are here 
to do it.” 

This and the mature and highly informed account of problem 
solving in science given ata recent Ciba Foundation symposium- 
with some of which I must amiably if profoundly disagree—are 
the best features of an absorbing if inevitably somewhat 
repetitious book. My only disappointment ts that, pace the title, 
we sense too little of Michael Woodruff himself. He has well 
demonstrated here his ability to write and inform; can we hope 
for an extended and personal view of the recent history and 
philosophy of surgical science and perhaps some memoirs of his 
life? 

H. A. F, DUDLEY 
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Principles of Anesthesiology 
Vincent J. Collins. Second edition. 255 x 190 mm, Pp. 1671 +-xi. 
Illustrated. 1976. London: Kimpton. £39. 


ALTHOUGH this book comprises 1671 pages and weighs 3-5 kg. 
it does not claim to be a comprehensive text of anaesthesia. Ht is 
to be supplemented by a second volume written by multiple 
authors and entitled Practices in Anesthesiology. This will 
presumably cover the clinical aspects of the subject which are 
conspicuously absent in Principles of Anesthesioiogy. The 
present volume may thus be regarded as a technical and 
scientific foundation of anaesthesia. It begins with a section on 
fundamental practices covering history, physics. monitoring, 
equipment and the technical aspects of a wide variety of types of 
anaesthesia. The second section of 204 pages covers regional 
anaesthesia and acupuncture. Section 3 (238 pages) is devoted 
to selected topics on physiology and the final section (344 
pages) covers the pharmacology of oxygen, carbon dioxide, 
anaesthetics and certain other drugs used in anaesthesia. The 
remarkable feature of the book is that a single author can 
marshall and present such an enormous volume of factual 
material with a very high level of accuracy. The labour must 
have seemed unending and it is, perhaps, appropriate that the 
work is dedicated to the author's patient wife and eight under- 
standing children! 

The content of the work is geared to American practice and 
some of the more technical material is not applicable to British 
practice. My major criticism of the work is that some of the 
sections are a rather uncritical compilation of a mass of material 
in which the gems of truth may not be clearly differentiated 
from old and outmoded concepts. For example, in the chapter 
on theories of narcosis, it may well be thought that too much 
space has been devoted to the Verworn asphyxial theory without 
presentation of the convincing evidence for believing that this 
theory cannot satisfactorily explain the basis of anaesthesia. 
Similarly, the section on neural regulation of breathing discusses 
the Hering—Breuer reflex without mentioning that it is virtually 
absent in man. 

Many chapters carry references to recent textbooks but, in 
general, the references to journals tend to be earlier than 1970. 
For example, the latest reference in the chapter on chemical 
control of breathing is 1963 and that hardly does justice to 
progress in this field. The references and, indeed, the book as a 
whole give a very broad representative picture of the principles 
of anaesthesia over the past 40 years, but perhaps a greater 
emphasis on recent developments would be more welcome. For 
example, Vinesthene and ethyl chloride ethylene have now 
disappeared from general use and hardly merit the space which 
they are allotted, but against this must be set the author’s 
useful account of isoflurane, appearing well before the release of 
this anaesthetic on the market, He may be criticized for inclusion 
of seemingly unnecessary material, but it is very difficult to 
pinpoint the omission of any important fact within his intended 
scope. 

In summary, this book offers encyclopaedic coverage of 
most of the non-clinical aspects of anaesthesia. It does not 
pretend to cover such topics as anaesthesia for specific types of 
surgery or anaesthesia for patients with various concomitant 
medical conditions. Cover of certain topics is rather old- 
fashioned and superficial but this seems inevitable when one 
man, single-handed, takes on a task of this magnitude. The 
book will sell for its detailed coverage of such a wide field and 
the high level of accuracy. It may not appeal greatly to the 
purely clinical anaesthetist in Britain, but it will be a most 
important source of reference material for the research worker 
and it may also be useful for those preparing for higher 
examinations. 


Reviews and notices of books 
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Surgery of Hydatid Disease 
Farrokh Saidi. 250 x 170 mm. Pp. 396+-x. lilustrated. 1976. 
Eastbourne: Holt-Saunders. £25. 


Tuis book is splendidly produced and contains a monumental 
amount of information on almost all aspects of hydatid 
infestation in man. It is profusely illustrated and clearly 
presented. The therapeutic manceuvres available for treating 
this disease in various sites of the body are described and 
illustrated with the utmost clarity, much attention being paid 
to more recent manceuvres such as the ‘cryogenic’ approach. 

I have nothing but admiration for the exhaustive and 
scholarly manner in which the author has dealt with the 
problem and have no doubt that the volume will be of increas- 
ing value as a reference book to surgeons in this country where 
the disease increasingly presents. For general background 
reading it will demand prolonged and serious attention if it is to 
be digested and certainly offers more than would be required by 
the average general surgeon in practice in this country. Indeed, 
if it is to be criticized it would be on the grounds that the 
diversity of its detail might tend to make it somewhat indigest- 
ible. To date I have seen no publication on this subject which ts 
in anything like the class of this book and I offer my con- 
gratulations and respect to its author. 

Priced at £25, it may command less attention than perhaps it 
merits because of its cost. 

H. D. RITCHIE 


Recent Advances in Urology 2 
Edited W. F. Hendry. 235x 165 mm, Pp. 333 + viii. Ilustrated. 
1976. Edinburgh: Livingstone. £12. 


In the preface to this work Mr Hendry states that the recent 
advances have been in accurate preoperative diagnosis, improved 
surgical techniques and effective interdisciplinary collaboration. 

The first eleven chapters cover many topics, including 
aspects of uroradiology——for instance the place of ultrasound 
and needle aspiration in the diagnosis and management of renal 
swellings—and the investigation and treatment of stone 
problems. The chapter on urodynamics discusses the scope of 
the technique and is to be recommended to anyone unfamiliar 
with this investigation. 

There are also chapters on urinary infection, trauma, 
obstructive uropathy in children, conservative renal surgery, 
the place of surgery in hypertension, the medical and surgical 
aspects of renal failure and the results to be pees from 
transplantation. 

The management of urethral strictures from the meatus to the 
bladder neck by time-honoured dilatation to scrotal tubes up to 
the bladder neck is considered, followed by a discussion on 
male infertility. 

The last three chapters deal with si Rects of neoplastic disease. 
First, urothelial neoplasia; here the management of bladder 
tumours is clearly discussed in relation to the TNM classification 
(described in detail). The chapter on prostatic carcinoma also 
relates treatment to TNM classification and discusses at length 
the rationale of no treatment versus potentially lethal oestrogens 
in the early case. Finally, testicular tumours are discussed and 
the pros and cons of lymph node dissection and DXR are 
clearly outlined. 

There are a lot of facts to be digested and the emphasis is 
more on investigation and management than on surgical 
techniques. The book is expensive, but the concentration of 
useful data contained in a single volume makes it a very worth- 
while investment. 

P. J. WORTH 
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excision or following resection 
of liver. 
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indefinitely unless contraindicated by side effects" 


The results of the above controlled trial carried 
out at the Nuffield Department of Clinical 
Medicine, Radcliffe Infirmary, Oxford are all the 
more welcome as earlier trials of cortisone’ and 
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to be ineffective in reducing the number of 
recurrences of ulcerative colitis. 
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4 times a day will prevent relapses in the majority 


dummy tablets had more than four 
times the relapse rate of those 
receiving sulphasalazine™’.' 
(Salazopyrin). 


1 
H 
Í 
t 
£5 
P| £ f 
if Poy 
i 
i 


Salazopyrin is a registered trade mark. 


<o d Furtherinformation on request from :~ 
A Pharmacia (Great Britain) Ltd. 
© “| Paramount House, 
a 2 75 Uxbridge Road, 
doh. of ay Ws 5SS. 
on > Peléph hé: 01-579 01027 










of patients with colitis, and only a few patients 
cannot tolerate this relatively small dose, which 
can be continued indefinitely since we do not know 
when, if ever, it can be safely stopped’’.’ 


Salazopyrin (sulphasalazine) is available as the 
plain o.$g. tablet, o.sg. EN-tab and as an 0.5g. 
suppository. Literature and detailed information 
on Salazopyrin are available on request. | 


| SA striking difference in the relapse rate”. 


The patients who received 2 aa “i T] O] 
EE | 
$ 


Both groups of patients had been 
' satisfactorily maintained for 1-5 years 
| on Salazopyrin prior to the study, in 
| which they took Salazopyrin or 

| placebo for 6 months. 
i 


1. Gut (19733 24.923 ~ 926 

2. Brit. med. J. (1959) 1 387-394 © 

3. Lancet (19653 1 188 ~ 18g 

4. General Practitioner (1972) April? pri 





Pharmacia 


Printed in Great Britain by John Wright and Sons Ltd. at The Stonebridge Press, Bristol BS4 INU 











Op-Site. 


et 
Your a hee oA" E Here on the patient is where you prove 


the effectiveness of Op-Site as an incise 
drape. 






ips 






A 1. There is good adhesion right up to the 
, edge of the incision. Even during long 
d procedures. 
7 2. Thin and glare-free, thus imperceptible 
N A in place. 
; | 3. Elastic and conformable, so allows 
CNE z effective application. 


4. Bacteria and waterproof to help 
maintain sterility. 

3. Can be sutured through. 

6. Of special value in ophthalmic, 
orthopaedic, general and plastic surgery. 
7. Versatile, encourages more rapid 
healing when used as a post-operative 
dressing.” 

Please send for a free sample and 
booklet. 


"Winter, G.D., “Epidermal Regeneration Studied in the 
Domestic Pig” Chiesa Wie. 














Op-Site is a Smith & Nephew product 
made in England 


cc. een ced 


Smith & Nenhew I td Welunm Gardon Cit: 





+ 


_ The British Journal of Surgery 


UNDER THE DIRECTION OF THE FOLLOWING EDITORIAL BOARD 


*L. P. LE QUESNE London: Chairman, 
*ROBERT COX London: Vice-Chairman. 


*H. H. G. EASTCOTT London: Editorial Secretary 
*C. G. CLARK London: Assistant Editorial Secretary. 


A. O. ADESOLA Lagos: Nigeria. A. $. ALDIS Cardiff. M. ALLGOWER Switzerland. DAVID ANNIS Liverpool. R. ATTARD Malta 
M. BALASEGARAM Kuala Lumpur: Malaysia. A. K. BASU Calcutta: India. S. BENGMARK Sweden. oA. B. BIRT Norwich, L. H. 
BLUMGART Glasgow. K.T. CHAN Singapore. *ALAN G. COX Harrow. SIR THEO CRAWFORD London. CHARLES DREW London. 
*H. A.F. DUDLEY London (Surgical Research Society), D. J. DU PLESSIS Johannesburg: South Africa. R. B, DUTHIE Oxford. *TOM 
GIBSON Glasgow (Royal College of Surgeons), J. C. GOLIGHER Leeds. J. W, P. GUMMER London. E. HASSNER Denmark. 
M. HOBSLEY London. E. S. R. HUGHES Melbourne: Australia. C. W. JAMIESON London. I. D. A. JOHNSTON Newcastle, SIR 
ANDREW W. KAY Glasgow. H. LARRIEU France. F., LINDER West Germany. *H. E. LOCKHART-MUMMERY London. 
J, LOEWENTHAL Sydney: Australia. VALENTINE LOGUE London. J. H. LOUW Cape Town: South Africa. L. D. MACLEAN 
Montreal: Canada. AIR COMMODORE J. E. MALCOLM Royal Air Force Medical Service. H. MULLER The Netherlands. ERIC NANSON 
Auckland: New Zealand. R.A. NARVARATNE Colombo: Sri Lanka, G. B. ONG Hong Kong. J. H. PEACOCK Bristol. J. M. PULLAN 
London. D. H. RANDALL Sheffield. H. D. RITCHIE London. C. P. SAMES Bath. L. SEMB Norway, ROBERT SHIELDS Liverpool. 
G. SLANEY Birmingham. G, SMITH Aberdeen. SIR RODNEY SMITH London. *M. E. SNELL London. *G. W. TAYLOR London 
{Association of Surgeons). SURGEON VICE-ADMIRAL SIR JAMES WATT Naval Medical Service. *R. B. WELBOURN London. 
*A, W. WILKINSON London. SIR MICHAEL WOODRUFF Edinburgh. W. D. WYLIE London. 


* Constitute the Editorial Committee. 


Whilst every effort is made by the publishers and editorial committee to see that no inaccurate or misleading opinion or statement appears in this 
journal, they wish to make it clear that the opinions expressed in the articles and advertisements herein are the responsibility of the contributor or 
advertiser concerned. Accordingly, the publishers and the editorial committee and their respective employees, officers and agents accept no liability 


whatsoever for the consequences of any such Inaccurate or misleading opinion or statement. 


Editorial Notices and Instructions to Authors 


Original articles and any other editorial matter should 
be sent to the Editorial Secretary, British Journal of 
Surgery, Royal College of Surgeons, 35/45 Lincoln's 
Inn Fields, London WC2A 3PN. Acceptance is on the 
understanding that contributions are to this journal 
only and that articles and their illustrations become 
the property of the Journal unless rights are reserved 
before publication. Original illustrations must be 
securely packed and protected. 


Business communications should be sent to John 
Wright & Sons Ltd, British Journal of Surgery, 
Bristol BS81EX. Remittances should be made 
payable to The British Journal of Surgery. Advertise- 
ments: All communications should be addressed to 
Hexagon Publishing Ce. Ltd, 10 Spencer Street, 
St Albans, Herts AL3 SEG (telephone 0727 60641). 


Manuscripts 

Two good quality plain paper photocopies of all 
written and tabular material should be submitted and 
the original retained by the author. Hlustrations should 
also be submitted in duplicate clearly marked on the 
back to show number, orientation and author. 
Legends should be typed on a separate sheet. For 
halftones, unmounted glossy photographs or positive 
prints (not X-ray negatives or slides) are required. 
Colour prints should be accompanied by the original 
transparencies; a contribution to the cost of repro- 
duction is always necessary. Drawings must be ready 
for reproduction: a leaflet giving details of the 
preparation of artwork is available from the publishers 
and must be consulted. Tables are typed on separate 
sheets and must have a Roman identifying number 
plus a short descriptive heading. 


Presentation of statistics 

Authors are reminded that: (a) the methods section 
of a paper should contain a mention of any statistical 
technique used: if the method is new or unfamiliar 
either a reference should be given or a description 
included as a brief appendix: (b) if alternative 


techniques could have been applied to the data, a 
short justification of the method is often appropriate; 
(c) in clinical trials, the confidence or tolerance limits 
of the results should be quoted, particularly when 
formal statistical significance at the 5 per cent level is 
only just reached; (d) abbreviations for statistical 
terms should follow those used in Documenta Geigy 
Scientific Tables, 7th edition, 1970. 


Si units 

It is Journal policy to use SI units except for measure- 
ment of blood pressure where mmHg is preferred. 
Authors should consult: Baron D. N., Broughton 
P. M. G., Cohen M. et al. (1974) The use of SI units 
in reporting results obtained in hospital laboratories. 
J. Clin. Pathol. 27, 590-597. Reprints are available 
from British Medical Association, London. 


References 

The citation of references is by the Harvard system, 
a detailed description of which can be obtained from 
the Medical Section, The Library Association, 7 
Ridgmount Street, London WCIE 7AE. Briefly the 
name of the author and the date of publication are 
given in the text; the list of works cited ts put at the 
end of the article, arranged in alphabetical order of 
authors’ names. More than two authors may be 
indicated in the text citation by ‘et al’. More than 
three authors may be indicated in the list of references 
by ‘et al’. The style of author and journal references 
should conform with the /ndex Medicus: sequence of 
referencing is author(s), year of publication, title of 
article, name of journal, volume number, first and last 
page numbers. 

A reference to a book should give in order: the 
names and initials of all authors, editors or compilers, 
date of publication, title of book, edition number, 
place of publication, publisher’s name, first and last 
page numbers of the contribution. 

A more detailed list of instructions will be published 
yearly in the January issue. 








1 Healing 


Further expenence in clinical 
trials confirms that 4-8 weeks 
‘Tagamet treatment achieves 
remarkable results in duodenal 
ulcer, 2%: gastric ulcer, *4® and 


Reduces gastric acid secretion 





New data now available 


2 Recurrence 
A group of duodenal ulcer 


weeks ‘Tagamet treatment. 
Preliminary results show that the 

















reflux oesophagitis.*° incidence of relapse was no greater 
Overall oana PAO than in a similar group who had _ 
Experience %healed | %healed | healed their ulcers on placebo.*' 
Duodenal 17% of 803 41% of 252 | | 

| Ulcer = | patients patients | J 
Gastric 74% of 130 45% of64 | r i 
Ulcer Si patients patients | 
Reflux 62% of 39 9% of 23 
Oesophagitis* | patients patients 








*includes oesophageal ulcers and erosions: 
complete healing or marked improvement. 


In addition to complete healing 
(proven endoscopically), early and 
dramatic symptomatic relief is 
achieved in most patients. With its 
convenient dosage and low 
incidence of side effects, ‘Tagamet’ 
is well suited to everyday treatment. 


‘Tagamet’ (cimetidine) 
is available as 200mg 
film-coated tablets, 
200mg/5mi syrup and 
200mg/2m] ampoules. 


Full prescribing information is 
available from Smith Kline & French 
Laboratories Limited, a SmithKline 
company, Welwyn Garden City, 
Hertfordshire, AL7 1EY 

‘Tagamet’ is a trade mark. 


Af f q 


patients was followed for periods of 
up to 6 months after completing 4-6 






Artist’s impression of H, 
receptor antagonist acting at 
receptor site in gastric mucosa. 


3 Maintenance 
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Carcinoma of the thyroid gland in Iran 
HASSAN HASHEMIAN AND AMANELAH KEYHANI®* 


SUMMARY 

Of the 1698 cases of thyroid disease seen during the 17 
years 1956-72 in the Taj Cancer Institute, Tehran, 
398 were cases of carcinoma, an incidence of 23-4 per 
cent. The factors involved in this high incidence of 
malignancy are discussed and the treatment of these 
patients is described. 


IRAN is considered to be a region where goitre is 
endemic, but the true incidence of thyroid cancer in 
the country is not known. In the Taj Cancer Institute, 
which is part of Tehran University, patients are 
referred from all over the country and are treated on 
a free basis. Most of these patients are either farming 
folk or working-class people from the cities, and they 
provide the material on which this report is based. 

Thyroid malignancy accounts for between 2:5 and 
4-0 per cent of all cancers in endemic goitre regions, 
with a lower incidence of 0-5 per cent in non-endemic 
areas (Ackerman and Del Regato, 1947; Willis, 1948: 
Carroll et al., 1964; Wahner et al., 1966; Doniach, 
1970). Furthermore, the incidence of thyroid carci- 
noma in relation to all thyroid disease has been 
reported as varying between 3-3 and 17-1 per cent 
(Cole et al., 1949; Fisher and Fisher, 1951; Watt and 
Foushee, 1951; McKenney et al, 1962; Werner, 
1962). As will be seen from our figures, the incidence 
at the Taj Cancer Institute is no less than 23-4 per 
cent and this agrees with the findings of Armine (1964), 
who, from another unit in Tehran University, records 
270 cases of thyroid carcinoma occurring in 1171 
patients presenting with thyroid disease—an incidence 
of 23 per cent. 

During the 17 years 1956-72 1698 patients were 
admitted with thyroid disease. Of these, 398 proved to 
have carcinoma (23-4 per cent). This is possibly the 
highest incidence of carcinoma reported in the larger 
thyroid series in the literature. 

Known aetiological factors in the production of 
thyroid neoplasms are genetic, hormonal, those 
following irradiation and those occurring after auto- 
immune thyroiditis, of which irradiation and hormonal 
causes are probably the most important. There are 
reports of the rising incidence of cancer, relating this 
to irradiation and drawing attention to the special 
importance of irradiation in childhood (Carroll et al., 
1964; Sampson et al., 1969; Conrad et al., 1970). 

Therapeutic irradiation was used extensively in 
Iran for the treatment of tinea capitis and tuberculosis 
adenitis in the past, and still continues to be used to a 
lesser extent in some provinces. This could be a 
factor in our high thyroid cancer incidence (Hanford 
et al., 1962; Modan et al., 1974). 


Patients and methods 

Fig. 1 shows the various types of lesion encountered in our 
patients and Fig. 2 the different types of thyroid malignancy, as 
diagnosed by our pathologists. We do not use the classification 
proposed by the World Health Organization (Heidinger and 
Sobin, 1974), but in our pathology department a tumour is 
called ‘papillary’ if most of the microscopic field has that 
appearance, and ‘follicular’ when most of the components are 
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Fig. 1. Distribution of different types of thyroid 
gland lesion in 1698 cases. 
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Fig. 2. Distribution of different types of thyroid cancer 
in 398 cases (9 cases of sarcoma included). 


of that type. Fifty-one per cent of the tumours were pre- 
dominantly papillary and this form of carcinoma was equally 
common in both sexes. This is in contrast to reports that 
follicular carcinoma is the predominant histological type in 
endemic areas (Wahner et al., 1966). 

Medullary carcinoma of the thyroki made up 6&3 per cent of 
all our thyroid cancers and the figure for undifferentiated 
carcinoma was somewhat similar. Both conditions were more 
common in males. 


* Department of Surgery, Taj Pahlavi Cancer Institute, Tehran 
University. 
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Diagnosis 

The diagnosis of a malignant thyroid swelling is not 
difficult when there is evidence of extrathyroid spread 
either locally or by metastasis to lymph nodes or 
other distant sites; or if the thyroid swelling is hard 
and irregular. Real difficulty arises in the case of the 
solitary, smooth, firm, mobile ‘cold’ nodule. Thyroid 
status, scanning, ultrasound and serum calcitonin 
levels may help, but the ultimate test is excisional 
biopsy and frozen section. 


Treatment 

A malignant thyroid tumour may remain localized 
in the neck for many years, or it may grow rapidly 
and cause death within a few months. A long follow- 
up study is necessary before any definite conclusions 
can be made regarding the efficacy of treatment. Our 
management depends on clinical staging of the 
tumour, its situation within the gland and the age 
and sex of the patient. 

Our system of staging is as follows: 

Stage 1. The tumour is confined to the thyroid 
gland. 

Stage 2. Cervical lymph node metastasis is present. 

Stage 3. Invasion of other structures of the neck is 
present. 

Stage 4. Distant metastasis is present. 

For stage 1 cancer of the thyroid which is confined 
to one lobe of the gland based on clinical and opera- 
tive evaluation, we perform a lobectomy with re- 
moval of the isthmus and partial removal of the 
opposite lobe. If the other lobe is involved then a 
total thyroidectomy is carried out. Hf, however, 
histological proof is available at operation that the 
growth is an anaplastic carcinoma, then total 
thyroidectomy is the operation of choice to be 
followed by deep X-ray therapy to the neck. For 
medullary carcinoma, again total thyroidectomy is 
indicated because of the high incidence of multi- 
centricity and the fact that the tumour is not sup- 
pressed by thyroxine given postoperatively (Melvin 
et al., 1971; Wolfe et al., 1973). 

For stage II carcinoma of the thyroid in children 
and adult women, whenever the histological diagnosis 
is available from cervical node biopsy, treatment 
depends upon the pathological type of the tumour. 
In predominantly papillary and follicular tumours 
we perform a lobectomy, isthmectomy and partial 
removal of the opposite lobe and modified radical 
neck dissection. If both lobes are involved then the 
thyroidectomy must be total. For medullary carci- 
noma we routinely perform a total thyroidectomy 
and a modified radical neck dissection. Where the 
diagnosis of medullary carcinoma is not known at 
the time of operation, a partial removal of the gland 
has been performed and then a second stage total 
thyroidectomy is undertaken. 

For older patients, standard radical neck dissection 
can be carried out to achieve an easier approach to 
the nodes. We use the modified radical neck dissec- 
tion technique described by Block and Wilson (1971), 
in which the sternomastoid muscle is left intact, the 
jugular vein is preserved and no disfiguring vertical 
incisions are used. 

Occult cervical node metastasis from cancer of the 
thyroid is reported as occurring in 20-30 per cent of 
patients who are clinically stage I, but this incidence 
is not observed if one waits for obvious metastases to 


develop. Prophylactic neck dissection, therefore, is 
not needed. 

Postoperatively we routinely use thyroid hormone 
for replacement and for suppression in papillary and 
follicular carcinoma. In medullary carcinoma it is 
used only for replacement. 

In stage HI and stage IV carcinoma of the thyroid 
it is our policy where possible to perform a total 
thyroidectomy and to remove all the involved cervical 
nodes. Further treatment of such cases depends on 
the number, site and biological behaviour of the 
deposits and may involve radiotherapy, including the 
use of radioactive iodine and also hormonal methods. 
Consideration of the problems arising here is outside 
the scope of this paper. 
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Hiatus hernia repair combined with the construction 
of an anti-reflux valve in the stomach 


J. A. W. BINGHAM* 


SUMMARY 

An operation is described that combines hiatus hernia 
repair with the construction of an anti-refiux valve in 
the stomach immediately beyond the cardia. 

One hundred and ten patients treated by this opera- 
tion, including 28 with panmural oesophagitis, have 
been followed up by clinical and radiographic assess- 
ment at yearly intervals for periods from a little over 1 
year to over 5 years. Three patients had return of reflux 
symptoms, 2 of these being the only patients in the 


series with X-ray reflux at follow-up. The return of 


reflux in these patients appeared to result from 
anatomical changes that were probably caused, at least 
in part, by over-tight application of the stapling 
instrument used in the operation. 


Since 1971 an operation has been used by the author 
as the standard surgical treatment for hiatus herniation 
and for gastro-oesophageal reflux without herniation 
that combines hernia repair, when a hernia is present, 
with the construction of an anti-reflux valve in the 
stomach immediately beyond the cardia. With this 
type of operation the stomach can be reduced below 
the diaphragm by bringing the oesophagogastric 
junction (or cardia) to hiatus level. It is thus associated 
with less tension on the repair than are opera- 
tions that involve plicating the gastric fundus com- 
pletely or partly around the lower oesophagus 
(Nissen, 1964; Hill, 1967; Skinner and Belsey, 1967), 
for with these operations it is necessary, in order to 
reduce the stomach below the diaphragm, to over- 
reduce the cardia some 3--5 cm below the hiatus. It 
was hoped that this reduction in tension would enable 
the gastric valve repair operation to be employed 
successfully not just when the oesophagus is relatively 
normal, but also in patients with panmural oeso- 
phagitis, when there is palpable thickening and 
induration of the oesophagus, oesophageal shortening 
and often stricture formation. 

The operation described in this paper resembles a 
combination of a Collis gastroplasty (Collis, 1961) 
and a Nissen-type plication, and, to a lesser extent, 
the gastroplasty and Belsey plication procedure first 
reported by Pearson et al. (1971) and used by them 
and by others in patients with oesophageal shortening 
and stricture formation. The present operation, 
however, differs from these procedures in that a 
Collis-type lesser curve gastric tube is not separated 
from the adjoining stomach. The operative technique 
was developed after several years’ experience with 
both types of gastroplasty—plication arrangement 
(Bingham, 1974). 


Operative technique 

The technique is illustrated in Fig. 1. The approach 
used is a left thoracotomy between the seventh and 
eighth ribs, the chest being opened along the periosteal 
bed of the eighth rib. The herniated stomach and the 
lower oesophagus are dissected free. When the oeso- 
phagus is relatively normal it need be freed for only a 


short distance, but when there is appreciable oeso- 
phageal shortening it may prove necessary, in order 
that the cardia may be brought readily to the hiatus, 
for freeing of the oesophagus to be extended up to and 
even deep to the aortic arch. Care is taken to preserve 
aortic branches to the oesophagus and to avoid 
damage to the vagi, though occasionally when 
maximum elongation of the oesophagus is required 
it has been found useful to divide vagal branches 
passing to the bronchi just below the aortic arch. 

The diaphragm is, in most cases, then opened, using 
an incision through the muscular part of the dia- 
phragm some § or 6 cm long, starting posterolaterally 
and ending just posterior to the central tendon. 
There are two reasons for opening the diaphragm in 
the majority of cases. In the first place, passing two 
fingers through the hiatus from below allows the 
peritoneal cavity to be readily entered at that point 
and a flap of tissue can be secured at the oesophago- 
gastric junction consisting of phreno-oesophageal 
ligament and peritoneum with some intervening 
areolar tissue. This flap of tissue defines clearly the 
oesophagogastric junction and later it may be used in 
fixing the cardia at the hiatus. Secondly, opening the 
diaphragm facilitates division of the gastrosplenic 
omentum with the short gastric vessels. This is neces- 
sary to allow much of the upper part of the stomach 
to be displaced above the hiatus without producing 
the distortion that would occur if it remained tethered 
to the spleen. 

With the upper part of the stomach brought above 
the hiatus and held away from the lesser curve, 
dissection is started between the upper part of the 
lesser curve and the posterior vagus nerve. This 
dissection is continued across the bare area of the 
stomach. A few tiny branches from the posterior 
vagus to the stomach are divided and also a few small 
blood vessels. Soon two fingers passed into the area 
of this dissection around the lesser curve will be found 
to project under the peritoneum on the anterior 
aspect of the gastrohepatic omentum. When this layer 
of peritoneum has been incised or ruptured, a passage 
has been made around the upper part of the lesser 
curve. One or two veins coming off the anterior wall 
of the stomach need to be divided and ligated. The 
passage around the lesser curve can then be enlarged 
up to the cardia and for some 5 cm below this. By 
dissecting around the lesser curve in this way, keeping 
close to the stomach, damage to the nerve of Letarjet 
and to hepatic branches of the vagus is avoided. 

A mercury-filled oesophageal bougie or a gastric 
tube of 43 Fr size is then passed from above down the 
oesophagus and is guided through the hiatus and into 
the stomach beyond. Most reflux oesophageal stric- 
tures, even severe strictures, can be dilated sufficiently 
for a bougie of this size, and often larger than this, to 
be passed. Dilatation can generally be carried out at 
oesophagoscopy, but if this cannot readily be done 


* Thoracic Surgical Unit, Royal Victoria Hospital, Belfast. 
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Fig. 1. Steps in the operation. (a) Dissection commencing around the lesser curve, avoiding 
the posterior vagus nerve. Note the amount of stomach brought above the diaphragm. 

(b) The surgeon’s fingers have been brought through the anterior layer of the gastrohepatic 
omentum. (c) The autosuture stapler is in position to form the gastric channel. 

(d) Commencing the plication around the lesser curve channel. (e) The plication has 

been completed. (f) The stomach has been reduced and fixation is being secured. 


the stricture is dilated during the operation, either 
from above, with the surgeon guiding the dilating 
bougie, or from below. 

Fatty tissue at the cardia is cleaned off the stomach 
towards the flap of phreno-oesophageal ligament; 
then, with the oesophageal bougie held against the 
lesser curve, an autosuture stapler (the TA55 instru- 
ment) is applied below the oesophagogastric angle (or 
angle of His) and parallel to the upper part of the 
lesser curve so as to bring together the anterior and 
posterior walls of the stomach along this line. It is 
important to inspect both aspects of the stomach to 
ensure that the jaws of the stapler have been properly 
positioned, The staples are then inserted, thus stapling 
the stomach walls together for a distance of 5 cm and 
forming along the upper part of the lesser curve a 
channel which is continuous with the oesophagus 
and through which passes the oesophageal bougie that 
had earlier been introduced. 

It is important, as will become clear later, that 
particular attention be given to the following points. 
(a) The lesser curve channel must not be made too 
narrow. After placing the stapler in position and 
before inserting the staples one must make sure that 
the bougie is lying a little loosely within the channel 
that has been formed. (b) The stapler must not be 
screwed down more tightly than is necessary to 
approximate the stomach walls, otherwise some 
tissue necrosis may be caused, resulting either in the 
cutting through of some staples, with the develop- 
ment of a side opening from the gastric channel into 
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the adjacent stomach cavity, or in the production of a 
line of tissue necrosis and possibly the separation of 
the adjoining stomach from the gastric channel. 

Having formed the lesser curve channel, the walls 
of the adjacent stomach are plicated around it. Every 
effort should be made when carrying out this wrap- 
round to avoid either compressing the channel by too 
tight a plication or constricting the gastric fundus so 
that a pouch is shut off from the rest of the stomach. 
To reduce any possibility of compressing the gastric 
channel it has recently become standard practice to 
withdraw the bougie around which the channel was 
formed and to replace it by a larger one of 45 Fr size 
before the plication is carried out. 

The stomach is then reduced below the hiatus and 
fixation secured: the limbs of the crura are approxi- 
mated posteriorly, the incision in the diaphragm is 
sutured and the chest is closed with an intercostal 
drain to an underwater seal. 


Postoperative care 
An indwelling nasogastric tube is not used routinely. 
Only one patient in this series required gastric 
drainage, a patient who developed paralytic ileus. 
Fluids by mouth are commenced usually on the 
third day and a normal diet is gradually introduced. 
Generally this can be done quite rapidly, but it is not 
too uncommon for some dysphagia for solids to be 
experienced at first. 
Management in other respects is as for any 
thoractomy procedure. 
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Patients 

Since April 1971 the operation described above has been carried 
out in 138 patients. This number included 32 patients with 
panmural oesophageal changes, and of these 25 had oeso- 
phageal strictures of varying grades of severity. The age range 
was 17-83 years, with an average of 52 years and with 70 per 
cent of patients aged between 40 and 70 years. The female : male 
ratio was 62:38. Different types of case were represented as 
follows: reflux without herniation, 14 per cent; sliding hernias, 
64 per cent; mixed hernias (those with both a sliding element 
and para-oesophageal herniation of the fundus) 13 per cent; 
cases with herniation and volvulus of the body of the stomach, 
9 per cent. There were 7 operations for recurrence of reflux 
following previous repair operations. 

The gastric valve repair operation was not considered 
suitable for all patients requiring surgical treatment during this 
period. In 6 patients stricture dilatation was either impossible 
or so difficult that it was judged that resection was required. 
Eight patients were treated by a Nissen fundoplication above 
the diaphragm because in these patients the cardia could not, 
even after maximum freeing of the oesophagus, be brought to 
the hiatus without tension. A Nissen fundoplication above the 
diaphragm was also employed in 15 children in whom con- 
servative measures had failed, mainly because it proved 
difficult to use the stapling instrument through a thoracotomy 
opening in children. 


Results 


Mortality and morbidity 
There was one death; this was due to a most unusual 
postoperative complication—-overwhelming fat embo- 
lism--that developed 12 days after operation. The 
only abdominal complication was the one instance of 
paralytic ileus. There were no serious pulmonary 
complications, apart from one probable pulmonary 
embolus. 

The following side-effects of the operation were 
encountered. 
Dysphagia: Dysphagia due to the construction of too 
narrow a lesser curve channel or, possibly, to the 
compression of this channel by over-tight plication 
occurred several times among the earlier cases in the 
series. In these cases the lesser curve channel was 
formed and the plication carried out around bougies 
smaller than the 43 and 45 Fr sizes used in later cases. 
At first, too, the lesser curve channel was constructed 
so that it fitted the bougie closely, whereas in later 
cases care was taken that the oesophageal dilator lay 
somewhat loosely and with a little play inside the 
channel. Dilatation was not always effective in reliev- 
ing this condition, and in 3 patients, out of the first 24 
operated on, dysphagia was severe enough to warrant 
opening up the lower and narrower part of the gastric 
channel from inside the stomach. This relieved the 
dysphagia without destroying the effectiveness of the 
anti-reflux valve. 
Air distension of the stomach and colon: As with other 
plication operations, this condition, sometimes called 
‘the bloat syndrome’, tended to affect patients who 
had become excessive air swallowers. Once reflux had 
been stopped the excessive air swallowing generally 
tended to improve and even to clear up completely. 
Of the 9 patients in the present series who were 
affected in this way, the condition cleared up in 2 
within a year of operation, in another 2 after 2 years 
and in a fifth after 3 years. 
Diarrhoea: Five patients developed diarrhoea that 
was probably caused by damage to vagus nerves. In 
none was the condition very troublesome and in 2 it 
cleared up after approximately | year. 


Method of follow-up 

The follow-up policy has been to carry out a clinical 
assessment and radiographic examination within a 
few months of operation, and to repeat the clinical 
and radiographic assessment once a year in every case. 

In addition to deciding whether there was any 
hernia recurrence or any return of reflux symptoms 
or of demonstrable reflux, every effort was also made 
to determine whether any change in the anatomical 
arrangement had taken place. This seldom presented 
much difficulty, for the row of staples indicates 
clearly the position of the cardia and of the gastric 
channel. It was hoped that it might be possible to 
relate functional results to anatomical results. 

One hundred and ten patients, including 28 with 
panmural oesophagitis, have been followed up for 
longer than I year. Sixty-nine of these patients, 
including 20 with panmural changes, have been 
followed up for over 3 years, and 42, including 13 
with panmural changes, for over 4 years. Results in 
these 110 patients have been analysed. Three patients 
died from unrelated causes and 3 were lost to follow- 
up. A complete follow-up until the date of this report 
or until death of the patient has thus been obtained 
in 107 (97 per cent) of these patients. 


Functional results 
Three patients were judged to have developed symp- 
toms of recurrent reflux, and in 2 of these reflux could 
be produced on X-ray examination. All 3 had had 
sliding-type hernias. In 2 panmural changes had been 
present, but in the third mucosal changes only. In 
i patient the dyspeptic symptoms had appeared 
within a year of operation and in 2 during the second 
postoperative year. No patient has had any deteriora- 
tion in symptoms later than the second year. 
Symptoms other than those of reflux dyspepsia 
have also been relieved. Some postoperative dilatation 
was, however, required in 7 of 22 patients with 
strictures. 
Plication valve below the diaphragm: The ideal 
anatomical arrangement (Fig. 2) persisted in 75 
patients throughout the period of follow-up. None 
had any return of gastric reflux. There were, in addi- 
tion, 26 patients in whom a valve arrangement 
persisted below the diaphragm, but in whom the 
arrangement departed from the ideal in some respects. 
In 18 the complete plication wrap-round had not 
persisted, but, as one would expect, the main part of 
the stomach had remained attached to the lesser 
curve channel. Sometimes only the upper part of the 
wrap-round had come undone and sometimes 
herniation of the cardia and of the upper part of the 
gastric channel had occurred. None of these 18 
patients had any reflux symptoms or X-ray reflux. 
In another 8 patients a side opening through the 
stapled partition had developed (Fig. 3a). This was 
not associated with symptomatic or X-ray reflux in 7, 
but in the remaining patient, 1 of the 3 patients in the 
series with recurrence of reflux symptoms, it was 
possible on X-ray examination to produce reflux 
from the main part of the stomach through the side 
opening into the lesser curve channel and then into 
the oesophagus. In this patient, though most of the 
plication had remained unaltered below the dia- 
phragm, the upper part of the gastric channel had 
herniated above the hiatus and the upper part of the 
wrap-round had come undone. It was at the upper 
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a b 


Fig. 2. The ideal postoperative arrangement. (a) Note the line of staples and the soft tissue shadow caused by the lesser 
curve channel with the air-containing stomach plicated around it. (b) Barium is passing down the gastric channel alongside 
the row of staples. 





a b 


Fig. 3. The anatomical arrangements seen in these films depart from the ideal in some respects, but they prevent reflux 
satisfactorily. (a) This arrangement departs from the ideal only by there being a side opening from the gastric channel. 
Barium is passing through this side opening into the adjoining stomach cavity. (b) The complete gastric valve has herniated 
above the hiatus. 
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Fig. 4. These films illustrate arrangements that in 3 cases 
proved unsatisfactory. (a) Much of the gastric channel, the line 
of staples and the adjoining stomach have herniated above 
the hiatus. In addition, the upper part of the plication 
wrap-round has come undone and there is a side opening 
through the line of staples above the wrap-round that remains. 
(b) The gastric channel and the adjoining stomach have 
separated completely from one another. The upper end of 

the gastric channel, which has herniated above the hiatus, 

has in this case rather an unusual shape. 


end of the row of staples, above the hiatus and above 
the remaining wrap-round, that the side opening had 
developed, thus allowing reflux from the main part 
of the stomach into the upper part of the gastric 
channel and into the oesophagus.* 

Herniation of the plication valve: In 6 patients the 
plication valve arrangement had herniated entirely 
or almost entirely above the hiatus (Fig. 3b). In 2 of 
these patients there had developed, in addition, an 
opening through the stapled partition above the 
diaphragm. In 1 of these 2, as seen in Fig. 4a, almost 
all the wrap-round had also come undone, with the 
opening through the staples situated well above the 
remaining wrap-round. In this case, as in the case 
referred to above, reflux through the side opening 
into the lesser curve channel and then into the 
oesophagus was demonstrated. This was the second 
patient in the series with recurrence of reflux symp- 
toms. The other 5 patients with the plication valve 
herniated above the hiatus had excellent results, with 
no symptomatic or X-ray reflux. 

Complete separation of the valve arrangement: 
Finally, there were 3 patients in whom not only was 





the wrap-round found to have come undone and the 
gastric channel to have herniated partly above the 
hiatus, but the lesser curve channel and the adjoining 
stomach were found, most unexpectedly, to have 
separated completely from one another. The arrange- 
ment, as can be seen in Fig. 4b, then corresponded 
exactly to that created by the early Collis gastroplasty 
operation (Collis, 1961). Rather surprisingly, perhaps, 
in none of these patients could reflux be produced 
from the main part of the stomach into the lesser 
curve channel on X-ray examination, although one 
of them was judged to have slight reflux dyspepsia. 


Development of anatomical changes 

In 24 patients changes in the anatomical arrangement 
were recognized at the first examination, within a few 
months of operation; in 8 during the second post- 
operative year; and in 3 during the third postoperative 
year. Among the 69 patients followed up for over 
3 years no anatomical change was ever seen to take 
place during the fourth, fifth and sixth years of 
observation. Just as late deterioration in symptoms 
does not seem to occur, so late anatomical changes 
do not appear to take place. 





* This patient, with continued oesophagitis and increasing 
stricture formation, later had a Nissen-type fundoplication 
constructed above the diaphragm with an excellent result 
during a short follow-up. 





Discussion 
It is difficult to compare the results obtained by one 
particular method of repair with those reported after 
other repair operations, for there are inevitably 
variations in patient selection in different series and 
in the thoroughness and completeness of different 
follow-up studies. The present series includes a 
considerable number of unfavourable cases, and 
follow-up is, perhaps, unusually thorough and 
complete. The length or follow-up, however, is in 
many patients comparatively short, but the encour- 
aging results obtained so far, including those in 
patients followed up into the fourth year and later, 
would seem to justify making this report at this time. 
One result of the lesser curve channel being formed 
in the way described in this paper is that it is possible 
for the wrap-round to come undone without the 
channel and the main part of the stomach becoming 
separated from one another. This may be one of the 
chief merits of this operative technique, for, as noted 
earlier, when the wrap-round becomes undone but 
the adjoining stomach remains attached to the lesser 
curve channel, a good anti-refiux effect is maintained. 
It may reasonably be asked, therefore, why a partial 
wrap-round technique has not been adopted, for if 
this were done the operation would be somewhat 
simplified. A complete wrap-round continues to be 
used partly because of observations made while the 
present operative technique was being evolved; these 
appeared to indicate that a partial wrap-round was 
the more likely to come undone (Bingham, 1974). 
Undoing of the wrap-round may not be of importance 
when this is the only anatomical change to take place, 
but it clearly is of importance when, as sometimes 
happens, there also develops a line of separation 
between the lesser curve channel and the adjoining 
stomach. When both these anatomical changes occur 
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together complete separation of the gastric valve 
arrangement can take place, and, as happened with 
one patient in the series, reflux symptoms may then 
recur. The absence of a complete wrap-round also 
appeared to be a factor, in the other 2 patients in the 
series who developed gastric reflux, in allowing reflux 
to occur through a side opening in the line of staples; 
in both patients the part of the gastric channel with 
the side opening, in addition to being herniated above 
the hiatus, had ceased to be surrounded by a com- 
plete wrap-round plication. For these reasons, there- 


fore, a complete wrap-round plication continues, at s 


least for the present, to be preferred. x 

Both the development of a. line of separation- 
between the gastric channel and the adjoining stomach 
and the cutting out of some staples so as to producea 


side opening into the gastric channel must. presumably 
result from tissue necrosis caused by over-tightapplica- __ 
tion of the stapling instrument. Taking care to avoid 


this, like taking care to avoid constructing too 
narrow a gastric channel, would appear to be among 
the most important points in the operative technique. 





References 

BINGHAM J. A. w. (1974) Evolution and early results of con- 
structing an anti-reflux valve in the stomach. Proc. R. Sec. 
Med. 67, 4-8. 

COLLIS J. L. (1961) Gastroplasty. Thorax 16, 197-206. 


HILL L. D. (1967) An effective operation for hiatal hernia: an — = 


eight year appraisal. Ann. Surg. 166, 681-690. l 
NISSEN R. (1964) The treatment of hiatal hernia and oesophageal 


reflux by fundoplication. In: NYHUS L. M. and HARKINS P 
H. N. (ed.) Hernia. Philadelphia, Lippincott, pp. 488-496. 


PEARSON F. G., LANGER B. and HENDERSON R. D. (1971) Gastro- 
plasty and Belsey hiatal hernia repair. J. Thorac. Cardiovasc. 
Surg. 61, 50-61. 

SKINNER D. B. and BELSEY R. H. R. (1967) Surgical management 
of oesophageal reflux and hiatus hernia. J. Thorac. 
Cardiovasc. Surg. $3, 33-50. 


Br. J. Surg. Vol. 64 (1977) 466-469 


The effect of vagotomy on the lower oesophageal 


sphincter: a manometric study 
I. B. ANGORN, G. DIMOPOULOS, M. M. HEGARTY AND M. G. MOSHAL* 


SUMMARY 

The pressure profile of the gastro-oesophageal junctional 
zone was studied at rest and during abdominal 
compression in 26 duodenal ulcer patients after sub- 
diaphragmatic truncal vagotomy with a drainage pro- 
cedure, An ‘early’ group of 9 patients was investigated 
10-14 days after surgery and a ‘late’ group of 17 
patients more than l year after operation. Com- 
parisons were made with 25 control subjects. 

The resting lower oesophageal sphincter pressures 
after vagotomy in both the early and late groups were 
similar to the levels of sphincter pressure in the controls. 
However, the increase in sphincter pressure always 
observed during abdominal compression in normal 
subjects was significantly decreased by complete 
vagotomy, and the normal increase in the gastro- 
sphincteric pressure gradient was not produced. 

All 26 patients were tested for completeness of 
vagotomy using the insulin[pentagastrin test. In 19 
patients the vagotomy was complete and in 7 patients 
it was judged to be incomplete. A decrease in the 
gastro-sphincteric pressure gradient on manometric 
study of the lower oesophageal sphincter was interpreted 
as indicating complete vagotomy. Accurate correlation 
between secretory response and compression response 
was achieved in all patients with complete vagotomy 
and in 5 of the 7 patients with incomplete vagotomy. 


MANOMETRIC studies of the effect of vagotomy on the 
lower oesophageal sphincter have produced con- 
flicting results. Some authors claim a reduction in 
resting sphincter pressure after vagotomy (Woodward 
et al., 1966; Haddad, 1970), others could find no 
change (Mann and Hardcastle, 1968; Thomas and 
Earlam, 1973). Measurement of the lower oesophageal 
sphincter pressure in dogs has shown that division of 
the vagus nerves may not only decrease resting 
pressure, but also abolish the sphincter response to 
the increase in intragastric pressure produced by 
external abdominal compression (Dimopoulos, 1967). 
The response of the lower oesophageal sphincter to 
compression represents active contraction of the 
sphincter and is considered a better measure of its 
function than simple resting pressure (Lind et al., 
1966). Crispin et al. (1967) investigated 10 patients 
after transabdominal truncal vagotomy and found a 
reduced sphincter response to abdominal com- 
pression. However, no postoperative tests were 
performed to establish the presence of complete 
vagotomy. 

Postoperative gastric acid secretory responses to a 
variety of stimuli have been used to determine the 
completeness of vagotomy. These include the insulin 
test (Hollander, 1948), the ratio of peak acid outputs 
after insulin and pentagastrin (Baron, 1969) and the 
ratio of the insulin to histamine acid output (Hunt, 
1950). Each has certain drawbacks and occasionally 
fails owing to difficulties in interpretation and the 
problem of sample collection in the presence of a 
drainage procedure. 


This study was therefore instituted with two 
objectives: 

1. To determine the effect of vagotomy on the 
lower oesophageal sphincter pressure at rest and 
during abdominal compression. 

2. To establish whether measurements of the lower 
oesophageal sphincter pressure could be used to 
determine the presence of complete vagotomy. 


Patients and methods 

The control group consisted of 16 volunteers without gastro- 
intestinal disease and 9 patients suffering from duodenal ulcer 
awaiting operation. The presence of a duodenal ulcer does not 
affect gastro-cesophageal sphincter pressure (Code and 
Schlegel, 1958). None of the patients suffered from symptoms 
of reflux oesophagitis and none had an oesophageal hiatus 
hernia. Pressure measurements of the lower oesophageal 
sphincter were obtained in all 25 subjects and were used as 
controls with which to compare any postoperative changes in 
sphincter pressure. 

All 9 patients from the control group were submitted to 
subdiaphragmatic truncal vagotomy accompanied either by a 
pyloroplasty or by a posterior gastrojejunostomy. The pressure 
studies were then repeated postoperatively as soon as a normal 
diet had been resumed; this was usually between the tenth and 
fourteenth postoperative days. The pressure measurements in 
these 9 patients are reported as the ‘early’ group. 

An entirely separate group of 17 patients was also studied. 
Like the early group, none of these patients had preoperative 
symptoms of reflux or evidence of an oesophageal hiatus 
hernia, Each of these patients had undergone a subdiaphrag- 
matic truncal vagotomy plus a drainage procedure more than 
1 year before the pressure tests. No pressure measurements had 
been taken in these patients prior to operation. The results of 
postoperative pressure studies in these patients were compared 
with those obtained in the control group. The pressure 
measurements in these 17 patients are reported as the ‘late’ 
group. 

The method used in this study was as follows. In the fasting 
subject, an assembly of three polyethylene tubes (internal 
diameter 1 mm), attached at their distal ends and provided with 
lateral openings 5, 10 and 15 cm from the point of fusion, was 
passed into the stomach. Each tube was constantly infused with 
water at a rate of 0-5 mi/min by means of a constant infusion 
pump. The proximal ends of the water-filled tubes were 
attached to strain gauges whose output was connected to a 
multichannel recorder (Beckman Instruments, Palo Alto, 
California). Respiration was monitored by a tubular pneumo- 
graph placed around the chest and also connected to the 
recorder. Amplified pressure readings were translated by 
stylus pen writers on to paper moving continuously at 6cm/min. 
Abdominal compression was achieved by the use of a pneumatic 
cuff placed around the abdomen and held in position by 
amany tailed binder. This was inflated to 50 mmHg in all 
subjects in order to measure the sphincter response to com- 
pression. 

With the subject lying supine, 5-10 min were allowed for 
stabilization before commencing the recording. The resting 
pressure profile of the gastro-oesophageal junctional zone was 
obtained by withdrawing the tube assembly slowly from the 
stomach into the oesophagus by half-centimetre stages. At 
each station pressures were recorded for 10-15 s. This sequence 
was repeated after reinserting the tubes into the stomach and 
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applying abdominal compression. The system was calibrated 
at the beginning and end of each test. 

Four pressure profiles were obtained for each test, two at 
rest and two during abdominal compression. The intraluminal 
pressures were expressed in cm H,O relative to atmospheric 
pressure. The mean pressures between end inspiration and end 
expiration were determined at each station in the stomach, 
junctional zone and oesophagus. The mean lower oesophageal! 
sphincter pressure was taken at the site of maximal pressure in 
the junctional zone. The gastro-sphincteric pressure gradient 
was calculated from the difference between the mean maximal 
sphincter pressure and the mean intragastric pressure. The 
extent of the sphincter was delineated by that portion of the 
withdrawal tracing that possessed pressures greater than those 
obtained in the stomach, and also showed relaxation and 
contraction responses to deglutition. The relationship of the 
sphincter to the diaphragm was noted. 

The acid secretory response to insulin/pentagastrin was used 
in all the ‘early’ and ‘late’ postvagotomy patients as a test for 
the completeness of vagotomy (Baron, 1969). The test was done 
under medical supervision. It involved 415 min basal and 
§ x 15 min collections after 0-2 ug/kg iv. insulin with measure- 
ments of blood glucose at 0, 30 and 45 min. Tests were not 
considered negative unless the lowest blood glucose was less 
than 30 mg/100 ml. Peak acid output was then determined in 
response to a maximum 6 g/kg i.m. dose of pentagastrin. The 
response to insulin was interpreted according to the criteria of 
Hollander (1948). A ratio of peak acid output after insulin to 
peak acid output after pentagastrin of less than 40 per cent 
was aoe of complete vagotomy (Venables and Johnston, 
1969). 


Results 


Control subjects 

The mean pressures +s.e. in the stomach sphincter 
and oesophagus at rest and during abdominal 
compression are shown in Fig. 1. The maximal 
sphincteric pressure during abdominal compression 
was 89-0 + 2:1 cm H,O. The gastro-sphincteric pressure 
gradient, i.e. the difference between the mean maximal 
sphincteric pressure and the mean intragastric pressure 
was 27-8+17cmH,O at rest. During abdominal 
compression the gastro-sphincteric pressure gradient 
increased significantly to 49-8 + 2:3 cm H,O (Table J). 
The increment in sphincter pressure during abdominal 
compression always exceeded the increment in 
intragastric pressure. 


Early postvagotomy group 

Seven of the 9 patients in this group had evidence of 
complete vagotomy on insulin/pentagastrin testing. 
The pressure profiles at rest and during abdominal 
compression in the 7 patients with complete vagotomy 
are shown in Fig. 1. The resting pressure profile did not 
differ significantly from that in control subjects. How- 
ever, the maximal sphincter pressure during abdominal 
compression was 57:3+2-9cmH,0, significantly 
lower (P <0-0005) than the pressure of 89-0+2-1 cm 
H,O measured in control subjects (Fig. 1). The 
gastro-sphincteric pressure gradient decreased signifi- 
cantly from 30:3 + 1-9 cm H,O at rest to 227 2-3 cm 
H,O during abdominal compression (Table T). In the 
presence of complete vagotomy, abdominal com- 
pression failed to produce the expected increase in the 
gastro-sphincteric pressure gradient. Normal relaxa- 
tion and contraction responses to a dry swallow were 
obtained throughout the sphincteric zone. 

In 2 patients the insulin/pentagastrin test indicated 
incomplete vagotomy. In both these patients 
abdominal compression increased the gastro- 
sphincteric pressure gradient. 
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Fig. 1. Comparison of mean pressures -+:s.e. in the stomach 
(STOM), lower oesophageal sphincter (LOS) and oesophagus 
(OES) at rest and during abdominal compression in controls, 
early postvagotomy and late postvagotomy groups. All 
patients had evidence of complete vagotomy. 


Table I: THE GASTRO-SPHINCTERIC PRESSURE 
GRADIENT (MEAN --s.e.) IN CONTROLS AND 
PATIENTS WITH COMPLETE VAGOTOMY AT REST 
AND DURING ABDOMINAL COMPRESSION 


Early 
group 


Late 


Controls group 


No. of patients 

Pressure gradient at rest 
{cm H,O) 

Pressure gradient during 4484+23 22-7423 
abdominal compression 
{cm H,O) 

Effect of compression on 
pressure gradient 

P value 


25 7 12 
27817 30-3419 281425 
15:2424 


increased Decreased Decreased 


<00005 < 0-05 <Q-O1 


Late postvagotomy group 
Twelve of the 17 patients in this group had evidence of 
complete vagotomy on insulin/pentagastrin testing. 
The resting pressure profile in these 12 patients did not 
differ significantly from control subjects (Fig. 1). The 
maximal sphincteric pressure during abdominal com- 
pression was 60:6+3-0cm H,O, significantly lower 
(P< 0-0005) than the pressure of 89-0+2:1 cm H,O 
measured in control subjects (Fig. 1). The gastro- 
sphincteric pressure gradient decreased significantly 
from 29:14+2:5cm HO at rest to 15224 cm H,O 
during abdominal compression (Table 1). Therefore, 
in this group also, where acid secretory studies 
indicated presence of complete vagotomy, abdominal 
compression failed to increase the gastro-sphincteric 
pressure gradient. | 

In 5 patients the insulin/pentagastrin test indicated 
incomplete vagotomy. Abdominal compression 
increased the gastro-sphincteric pressure gradient in 
3 of these patients and decreased the pressure gradient 
in 2. 


Correlation of insulin/pentagastrin tests and pressure 
profiles 

The insulin/pentagastrin test was used to determine 
the presence of complete or incomplete vagotomy in 
in the ‘early’ and ‘late’ postvagotomy groups. In the 
‘early’ group vagotomy was complete in 7 patients and 
incomplete in 2. In the ‘late’ group vagotomy was 
complete in 12 patients and incomplete in 5 (Table II). 
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Table H: RESULTS OF INSULIN/PENTAGASTRIN 

TEST 
Complete vagotomy Incomplete vagotomy 

Early group 7 2 

Late group 12 5 

Total 19 7 


In control subjects, in the presence of intact vagus 
nerves and a normal lower oesophageal sphincter, 
abdominal compression always increased the gastro- 
sphincteric pressure gradient. On manometric study 
of the postvagotomy patient, a decrease in the gastro- 
sphincteric pressure gradient during abdominal 
compression was interpreted as indicating complete 
vagotomy. Using this criterion, 100 per cent correla- 
tion with the insulin/pentagastrin test was achieved in 
all 19 patients with complete vagotomy diagnosed by 
acid secretory studies. 

The insulin/pentagastrin test revealed 7 patients 
with incomplete vagotomy (Table 1D. Abdominal 
compression increased the gastro-sphincteric pressure 
gradient in 5 of these patients; a manometric result 
which correlated with the acid secretory response. 
However, in 2 patients abdominal compression 
resulted in a decrease in the gastro-sphincteric pressure 
gradient, which was interpreted as indicating complete 
vagotomy. This result failed to correlate with the 
acid secretory response. Both these patients were in 
the ‘late’ postvagotomy group and the preoperative 
pressure profile was not known. 

Using a decrease in the gastro-sphincteric pressure 
gradient during abdominal compression as an index of 
complete vagotomy, accurate correlation with the 
insulin/pentagastrin test was achieved in all 19 
patients with complete vagotomy, but not in 2 of the 
7 patients with incomplete vagotomy. 


Discussion 

Gastro-oesophageal reflux has been reported in a high 
proportion of patients after truncal vagotomy for 
duodenal ulcer (Clark et al., 1965). However, studies 
to demonstrate a fall in gastro-oesophageal sphincter 
pressure as a consequence of the vagotomy procedure 
have produced conflicting results. Woodward et al. 
(1966) investigated 11 patients before and after 
operation and demonstrated no change in 2, a marked 
reduction in sphincter pressure in 8 and an absent 
sphincter in 1 patient. Haddad (1970) reported 6 post- 
vagotomy patients, 3 of whom showed free reflux and 
3 reflux after straining manceuvres. The mean peak 
expiratory sphincter pressure in all 6 patients was 
significantly lower than normal. Mann and 
Hardcastle (1968) were unable to demonstrate 
significant changes in resting sphincter pressures in 
early and late postvagotomy patients, and their results 
oo confirmed by others (Thomas and Earlam, 
1973). 

Our results show that the resting gastro-oesophageal 
sphincter pressure and the resting gastro-sphincteric 
pressure gradient after vagotomy do not differ 
significantly from the sphincteric pressure and gastro- 
sphincteric pressure gradient in control subjects. 
However, when the sphincter is challenged by external 
abdominal compression, the rise in sphincteric pressure 
is less than the rise in intragastric pressure; that is the 
gastro-sphincteric pressure gradient is decreased. This 
differs from the response in normal subjects, where the 
increment in lower oesophageal sphincter pressure in 


response to abdominal compression always exceeds 
the increment in gastric pressure, regardless of the 
situation of the sphincter in relation to the diaphragm 
(Cohen and Harris, 1972). The increase in the gastro- 
sphincteric pressure gradient in normal subjects 
represents active contraction of the sphincter since 
the increase in lower oesophageal sphincter pressure 
is always greater than the increase in gastric pressure 
(Lind et al., 1966). It has been suggested that the 
sphincter response is mediated by vago-vagal reflexes 
whose afferents arise in the stomach (Kahn et al., 
1974). Vagotomy, whilst producing no change in 
resting gastro-oesophageal sphincter pressure, 
abolishes the sphincter response to abdominal com- 
pression. No abnormality was detected in the con- 
traction-relaxation responses to deglutition, so the 
impaired sphincter response is unlikely to be related 
to operative trauma. 

Incomplete vagotomy, with its increased risk of 
recurrent ulceration, is a bad operation. Some test of 
vagal innervation should therefore be done after every 
vagotomy operation to monitor surgical technique 
and patient prognosis (Baron, 1970). The Hollander 
insulin test, if combined with a quantitative assessment 
of vagal innervation of the stomach, will provide an 
acceptable index of the patient’s postvagotomy status. 
The insulin/pentagastrin test (Baron, 1969) was there- 
fore used as the yardstick with which to compare the 
pressure measurements. A decrease in the gastro- 
sphincteric pressure gradient during abdominal com- 
pression was interpreted as indicating a complete 
truncal vagotomy. Using this single criterion accurate 
correlation with the gastric acid secretory response 
to insulin/pentagastrin was obtained in 24 of the 26 
patients studied. In only 2 patients, both with insulin/ 
pentagastrin tests indicative of incomplete vagotomy, 
was correlation not achieved. If preoperative pressure 
studies do not reveal an intrinsically weak sphincter, 
the response of the lower oesophageal sphincter to 
abdominal compression can be used as an added 
parameter to determine the presence of complete 
vagotomy. 
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Plasma gastrin concentration related to acid 


secretion during insulin hypoglycaemia 
R. C. G. RUSSELL, R, G. FABER AND M. HOBSLEY* 


SUMMARY 

The release of gastrin by insulin hypoglycaemia was 
studied in man before and after vagotomy. Completeness 
of vagotomy was judged by the gastric acid response to 
the same hypoglycaemia, using several criteria including 
one that allows for pyloric losses and duodenogastric 
reflux. A total of 137 tests was performed on 10 
subjects. The plasma gastrin concentration was found to 
rise in the preoperative studies and also in the post- 
operative studies no matter what type of vagotomy had 
been performed or what criteria of completeness of 
vagetomy were used. We concluded that gastrin can be 
released in response to hypoglycaemia in the absence 
of the vagus nerve. 


SINCE the inception of the radioimmunoassay of 
gastrin, the secretion of gastrin during insulin hypo- 
glycaemia has been much studied. It has been 
established in the dog that electrical stimulation of the 
cut ends of the vagi consistently elevates portal serum 
gastrin levels (Lanciault et al., 1973). Thus, after an 
adequate vagotomy in a human subject, it would be 
logical to expect that gastrin secretion would be 
abolished during insulin hypoglycaemia, provided 
that insulin hypoglycaemia exerts its effect on gastrin 
secretion by means of the vagus nerve. None the less, 
this problem remains controversial. For example, 
abolition of gastrin response has been reported after 
vagotomy (Hansky et al., 1972; Cowley et al., 1973; 
Korman et al., 1973), whereas persistence of this 
response has been found by other groups (Ganguli 
and Elder, 1971; Wyllie et al., 1972; Jaffe et al., 1974; 
Stadil, 1974). There are two important reasons why 
this discrepancy should be resolved: first, to elucidate 
the physiological mechanisms involved, and secondly, 
because the measurement of plasma gastrin concentra- 
tion following insulin hypoglycaemia might offer a 
more convenient index of completeness of vagotomy 
than gastric secretion, provided that vagal innervation 
of the G-cells is necessary for the gastrin response. 
Previous workers have used the well-known criteria, 
such as Hollander’s (1948), with their well-recorded 
defects (Weinstein et al., 1950). To overcome this 
problem, a more sophisticated test for the adequacy 
of vagotomy (Faber et al., 1975) was used. 


Patients and methods 

Studies were performed on (a) 34 patients with duodenal 
ulceration in whom no gastric operation had been performed 
{unoperated subjects) and (6) 103 patients following treatment 
for duodenal ulcer by vagotomy-—--56 truncal (TV), 22 selective 
(SV) and 25 proximal gastric (PGV)—with and without a 
drainage procedure (Table I). Each subject fasted and abstained 
from tobacco and all medications known to affect gastric 
secretion from midnight. From 9 a.m. the subject lay semi- 
recumbent on a couch, a specially prepared two-lumen naso- 
gastric tube (Thomson et al., 1973) was passed, and its correct 
position checked by the water recovery test of Hassan and 
Hobsiey (1970). Phenol red was instilled throughout each study 
into the stomach via the small lumen (Hobsley and Silen, 1969). 
After a half-hour basal period, soluble insulin (0-2 u/kg) was 
injected intravenously and gastric juice was collected in 10-min 


Table I: DETAILS OF THE PATIENTS IN THE STUDY 
Mean Length 


body of Drainage 
No. of | Age* mass* history* procedure 
Group patients (yr) (kg) (yr) (P or Gt) 
Unoperated 34 38-6 52-1 11-5 ~= 
subjects 
Truncal 56 455 50-8 13-8 46P 
vagotomy 10G 
Selective 22 40-6 48-9 15-2 16P 
vagotomy 0G 
Proximal 25 45-6 48-9 12-5 OP 
gastric 0G 
vagotomy 


The similarity between the groups is such that bias because 
of differences between the groups is unlikely. 

* Mean values. 

t P, Pyloroplasty; G, gastro-enterostomy. 


samples for a further 2h. Venous blood samples for the 
measurement of blood glucose and plasma gastrin were taken 
30 and 15 min before the injection of insulin and at 15, 30, 40 
50, 60, 75 and 90 min after the injection. Only tests where 
adequate hypoglycaemia (2:2 mmol/l) (Sun and Shay, 1960) 
was obtained were included in this study. 

Plasma gastrin was measured by a radioimmunoassay, 
using an antibody to synthetic human gastrin and reacting 
100 per cent with human little gastrin (G 17) and 80 per cent 
with human big gastrin (G 34). The assay used gastrin-free 
plasma (prepared by affinity chromatography) to make 
standards (MRC 68/439) and could detect a difference of 
1 ng/l with 95 per cent confidence. 

On each sample of gastric juice, volume was determined 
and then, after filtration through Whatman’s No, 1 filter paper, 
the following measurements were made: titratable acidity 
(Radiometer automatic titrator, titrations to pH 7); sodium, 
potassium and chloride ion concentration (EEL flame photo- 
meter and chloride meter); and phenol red concentration 
({Unicam SP spectrophotometer at $50 and 410 nm). The 
electrolyte estimations were checked by comparing the sum 
of the cations with the chloride concentration (Hirschowitz, 
1961). The phenol red standard was handled as described by 
Hobsley and Silen (1969). 

The volume of each sample of gastric juice was divided by 
the recovery fraction of phenol red to determine the pyloric 
loss-corrected volume (Foor) The volume of duodenal reflux 
(Vp) present in each sample was calculated from the sodium 
output and volume by the formula: 


Vp = 7-340, —0-0712 Poop 1-281 


which has been previously validated (Faber et al., 1974). The 
true volume of gastric secretion, Vg, was determined by making 
allowance for pyloric loss and duodenal reflux. 

In judging the completeness of vagotomy, peak Fg during 
insulin hypoglycaemia was used to divide the post-vagotomy 
patients into three groups: greater than 140 ml/h, 46-139 ml/h 
and 45 mi/h or less. The first group was found by Faber et al. 
(1975) to have at least a 50 per cent Hability to recurrent 
ulceration, while the other two groups are an arbitrary 
division into the lower third and upper two-thirds of the 
range reported by the same authors to have a zero liability to 
recurrent ulceration. It would seem reasonable to assume 
that patients in the third group at least have had something 


* Department of Surgical Studies, The Middlesex Hospital, 
London. 


approaching a complete vagotomy. As well as this criterion, 
the Hollander criteria were also examined. Finally, since the 
absolute criterion for a complete vagotomy must be that there 
ig no rise in acid output (observed volume x titratable acidity) 
during insulin hypoglycaemia, the results were also viewed 
from this standpoint. 

As data for both gastrin concentration and gastric secretion 
were not normally distributed, the means are given with ranges 
rather than standard deviations. It is emphasized that the 
means can be misleading because of the non-normal distribu- 
tion. Therefore, statistical analysis was carried out by non- 
parametric methods that are independent of distribution: 
differences were tested using the Wilcoxon matched-pairs 
signed rank test while correlation was examined by Spearman’s 
p tank sum correlation coefficient (Siegel, 1956). 


Results 


Preoperative studies 
The mean basal gastrin concentration in the 34 
subjects who had a preoperative test was 20-2 ng/l 
(range 6-62 ng/l). There was no significant correlation 
between basal gastrin concentration in the individual 
and any of the indices of basal gastric secretion. 
Following the injection of insulin there was a fall in 
gastrin concentration (Table IP) at 15 min. During the 
period 30-90 min after injection of the insulin the 
gastrin concentration rose in 33 of the 34 subjects 
(P<0-01) to reach a peak of 38-1 ng/I (range 10-130 
ng/l) at a variable time during this period. There was 
no significant correlation between peak gastrin con- 
centration and any of the indices of insulin-stimulated 
gastric secretion. 


Postoperative studies 

There were no significant differences between the 
basal gastrin concentrations in the TV, SV and PGV 
groups. The mean values and ranges in these groups 
were 47-1 ng/l (range 5-210 ng/l), 37-5 ng/l (range 
10-96 ng/l) and 31-0 ng/l (range 7-104 ng/I). 

After vagotomy, no matter which type, basal gastrin 
concentration was higher than in the group that had 
not undergone operation (TV, P<0-01; SV, P<0-01; 
PGV, P<0-05). 

As in the preoperative studies, gastrin concentration 
fell at 15min after injection of insulin. This fall 
occurred in 49 of the 56 TV subjects, in 18 of the 22 
SV subjects and in 20 of the 25 PGV subjects (Table IT). 
Of the 137 tests performed altogether, the gastrin 
concentration in the samples taken at 15 min was the 
same or lower than in the corresponding basal period 
in no less than 114 tests (P < 0-001). 

Following the initial fall, there was a variably timed 
rise in the concentration of gastrin, reaching a peak at 
between 30 and 90min after injection. This rise 
occurred in 48 of the 56 TV subjects (P< 0-01), in 17 
of the 22 SV subjects (P< 0-01) and in all but one of 
the PGV subjects (P<0-01). Thus, of the 103 post- 
operative tests, 89 showed a rise in gastrin concentra- 
tion during this period (P < 0-001). 

Again, as in the preoperative studies, there was no 
significant correlation between plasma gastrin con- 
centration and the simultaneous gastric secretion, no 
matter whether the basal, early or late post-insulin 
period was considered. 

The crux of the study was the relationship between 
plasma gastrin concentration during the 30-90 min 
period after injection of insulin and the completeness 
of vagotomy as judged by the various criteria derived 
from the gastric secretory data. The results are 
summarized in Table II. 


Plasma gastrin concentration 471 
Table H: FALL IN GASTRIN CONCENTRATION 
No. of 

Group patients ff value P 

Preoperative 34 23 0-01 
Truncal vagotomy 56 112-5 z= 4777 
P<0-001 

Selective vagotomy 22 23 0-01 

Proximal gastric vagotomy 25 425 0-01 


The significance of the fall in the gastrin concentration is 
shown for each of the four groups studied when the sample 
taken 15 min after the injection of insulin is compared with 
the mean basal gastrin level using the Wilcoxon matched- 
pairs signed rank test. 


Table HI: DISTRIBUTION OF 14 PATIENTS WHO 
SHOWED NO RISE IN GASTRIN CONCENTRATION 
ACCORDING TO TYPE OF OPERATION AND 
THREE CRITERIA OF SATISFACTORY VAGOTOMY 


Peak Fg Absolute 
Hollander 46 — No 
Group +ve -ve <I5Sml 139ml >140ml rise Rise 
TY 3/26 5/30 3/12 4/30 1/13 2/14 6/42 
SV 1/11 4/il 0/5 5/15 0/1 2/7 3/15 
PGY 0/15 1/10 1/5 0/19 0/1 0/7 1/18 


TV, truncal vagotomy; SV, selective vagotomy; PGV, 
proximal gastric vagotomy. 


Using the Hollander criteria, each of the three 
groups of patients was subdivided into two series, 
Hollander-positive and Hollander-negative. In the 
TV group, a rise in gastrin occurred in 23 of the 26 
Hollander-positive series and in 25 of the 30 Hollander- 
negative series. Clearly there was no support for the 
suggestion that gastrin rises were linked with the 
inadequacy of vagotomy. Similar results were obtained 
in the SV and PGV groups (Table HI). 

The values for gastric juice volume corrected for 
pyloric loss and duodenal reflux (peak Vo), are set out 
in Table HI. Considering all three groups of patients 
together because of the small numbers in two of them, 
gastrin concentration rose in 14 out of the 15 patients 
with an inadequate vagotomy (Vao > 140 ml/h), but it 
also rose in 18 out of the 22 patients with an almost 
certainly complete vagotomy (¥q<45 ml/h) and in 
54 of the 64 patients with a probably adequate 
vagotomy (Va = 46-139 ml/h.) 

Table HHI demonstrates that the relatively few 
patients in whom the gastrin concentration did not 
rise were distributed at random between patients who 
had had a complete vagotomy and patients whose 
vagotomy had been incomplete-—both judged by the 
absolute criterion. 

In summary, 89 patients showed a rise in gastrin 
after insulin injection; they were distributed between 
the inadequate and adequate vagotomy series in the 
ratios of 48 : 4 (Hollander), 73 : 14 (peak Va) and 
24:65 (absolute criterion). There was clearly no 
association between rises in the gastrin concentration 
and inadequate vagotomy. Indeed, one patient whose 
gastrin did not rise had had a vagotomy so definitely 
inadequate as to be at risk of recurrent ulceration 
(peak Vg 274 ml/h). 


Discussion 

This study confirms the well-known finding that there 
is a rise in the concentration of gastrin during insulin 
hypoglycaemia. Following vagotomy, there is a 
release of gastrin whether the vagotomy is complete 
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or not, according to the criteria that we have used. A 
new finding is that there is a fall in the level of gastrin 
during the first half-hour following administration of 
insulin. This new observation may suggest a 
mechanism for the fall in gastric secretion that occurs 
in the first half-hour after an injection of insulin. 

The debate over gastrin release during insulin hypo- 
glycaemia after complete vagotomy appears to have 
been resolved by this study. On the basis of the above 
findings it can be stated that, using this assay system 
for gastrin, there is a rise in the level of gastrin during 
hypoglycaemia despite vagotomy. The acid studies 
made allowances for all known variables yet, no 
matter which criteria were used to assess the 
completeness of vagotomy, the group who were said 
to have a complete vagotomy had a rise in gastrin 
during the test. Of interest was the lack of correspon- 
dence between the 14 patients who had no rise in 
gastrin and the 28 who had no rise in acid output, 
almost suggesting a different mechanism of control. 
These findings cast doubt on the hypothesis that 
insulin hypoglycaemia acts solely through the vagus 
nerve, and the finding in this study of the fall in 
gastrin level following the administration of insulin 
suggests that other mechanisms are active in the 
control of gastrin release during the insulin gastric 
secretion test. 

The role of the vagus nerve in the control of gastrin 
is complex. There can be no doubt that the vagus 
nerve will release gastrin under physiological circum- 
stances in man (Knutson et al., 1974); equally there 
can be no doubt that even after division of the vagus 
nerve gastrin can be released by physiological stimuli, 
such as food (Korman et al., 1972). Presuming that 
our findings and those of other groups already 
mentioned (Ganguli and Elder, 1971; Wyllie et al., 
1972; Stadil, 1974) are true, then it is necessary to 
explain the rise in gastrin during insulin hypo- 
glycaemia in the absence of vagal excitation of gastric 
acid. Possible explanations include: first, that although 
vagotomy is complete with regard to the parietal 
cells there are still vagal fibres which innervate the 
gastrin G-cells in the stomach or duodenum; secondly, 
that insulin hypoglycaemia stimulates the sympathetic 
nervous system which, in turn, stimulates the release 
of gastrin (Stadil and Rehfeld, 1973); thirdly, that 
hypoglycaemia has an effect on the release of gastrin, 
either directly on the gastrin G-cell or via another 
intermediary. 

A truncal vagotomy presumably denervates the 
whole of the G-cell mass, unless alternative pathways 
which are as yet unknown exist; after this operation 
at least, the possibility of a vagal release of gastrin 
despite complete vagotomy lacks credence. The 
second explanation, that of sympathetic release, is 
possible, but lacks confirmation. It has been shown 
that adrenaline infusions will cause a rise in the con- 
centration of gastrin, but the levels of catecholamine 
reached during major stress such as an operation or 
haemorrhagic shock in the dog, although high, have 
not been found to release gastrin using the assay 
system described in this study (Russell et al., 1976). 
Such catecholamine levels might be exceeded if the 
blood sugar fell below 0-5 mmol/I, but hypoglycaemia 
of that order was not found in this study. The 
sympathetic nervous system might account for some 
of the gastrin release but it is unlikely to be the sole 
mechanism for the results found in this series. 


The third possibility is that hypoglycaemia has 
either a direct effect on the G-cell or acts on the G-cell 
via an intermediate hormone. No data are at present 
available to substantiate such a hypothesis. 

In conclusion, this study shows that gastrin is 
released both before and after vagotomy in response 
to insulin hypoglycaemia. As the release of gastrin in 
vagotomized subjects cannot be vagal in origin, some 
other mechanism must be involved. 
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The high risk of toxic reactions is often 
the reason for delaying the introduction of 
catecholamine therapy in septic shock. With 
the availability of Intropin (dopamine HCI), 
however, this situation has changed. Not only 
does Intropin significantly increase cardiac 
output and vital organ perfusion, it does so 


A significant advance in 
the management of septic shock 







with few undesirable side effects. To quote 
from arecent symposium:* 

“dopamine is probably the safest of the 
inotropic agents to start with...” 

“...inotropic support with dopamine would 
constitute part of the routine management of 
the patient with septic shock.” 


Intro 


(dopamine HCI) 


pin 


Increases cardiac and urine output 
without the high risk of adverse reactions. 
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Fybranta in diverticular disease 


60% ofthe patients were entirely symptom free after 
only one month onthe Fybranta regime. In addition, 
in all patients stool weight increased significantly; 
transit time was reduced by nearly a half and intra- 
colonic pressure was reducedtowithin normal limits. 


In a recent clinical trial published in the British 
Medical Journal a comparison was made between 
three forms of treatment for patients with sympto- 
matic diverticular disease. The authors concluded 
from this study that Fybranta Tablets are more 
effective than a high-residue dietor a bulking agent. 


Fybranta did not merely improve the symptoms, the 
paper states that Fybranta also normalized the 
pathophysiological changes which diverticular 
disease brings about. 


Fybran 


Fybranta tablets are easily carried when the patient 
cannot eat at home. Chewed with a drink, they sup- 
ply a day’s cereal fibre in ahighly acceptable form. 
Each tablet contains: Bran 2g. 
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Convenient, chewable, prescribable bran tablets 


Full prescribing information on request from: Norgine Limited, 59-62 High Holborn, London WC1V 6EB 
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Recurrence after proximal gastric vagotomy without 
drainage for duodenal ulcer: a 3-6-year follow-up 


JACINTO DE MIGUEL#* 


SUMMARY 

During the period December 1970 to August 1973, 99 
patients with duodenal ulcer underwent proximal 
gastric vagetomy without drainage, and 93 per cent of 
the patients were followed up for 3-6 years after the 
operation. A proved recurrent duodenal ulcer was 
noted in 4-3 per cent and a strongly suspected recur- 
rent duodenal ulcer in 2 per cent. It is suggested that 
this rate of recurrence on medium term follow-up is 
compatible with the continued use of proximal gastric 
vagotomy in the surgical treatment of duodenal ulcer. 


PROXIMAL gastric vagotomy (PGV) without drainage 
has been extensively used over recent years for the 
treatment of duodenal ulcer. Reports on functional 
results are most promising, but, as the follow-up 
period has lengthened, special attention has been 
drawn to the problem of recurrence, which shows 
substantial variation from one centre to another. 
This paper presents a review of observations on 
recurrent ulceration after PGV without drainage for 
duodenal ulcer on a medium term follow-up. 


Patients and methods 
From December 1970 to August 1973, 99 patients with duodenal 
ulcer (84 men and 15 women) were operated on personally 
using PGV without drainage. Patients with associated gastric 
and duodenal ulcer, operated on by the same method, were 
excluded from the study. 

Initially only 5-6 cm of the distal stomach were left with 
vagal innervation, which invariably meant severing one or more 
of the terminal branches of the nerves of Latarjet. Fifty-four 
patients were submitted to this particular type of operation 
(Fig. 1). Later, fearing that such an extensive denervation might 
interfere in some cases with normal gastric emptying, all the 


Anterior vagus =» 


Hepatic branches 


Anterior nerve of Latarjet 


Fig. 1. Preservation of the vagal supply to only 5-6 cm of the 
distal stomach involved severing some of the terminal 
branches of the nerves of Laterjet; in fact, division of the 
heel of the so-called “crow’s foot’. 
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Fig. 2. When leaving 8 cm or more of the distal stomach | 
vagally supplied all the terminal branches of the nerves of 
Latarjet are kept intact. 


terminal branches of the anterior nerve of Latarjet were 
preserved, which meant retaining vagal innervation to 8 cm or 
more of the distal stomach. Forty-five patients were included 
in this group (Fig. 2). | | 

The starting point of the dissection was determined by _ 
reference to anatomical landmarks. In no case was there any 
attempt to locate the proximal limit of the antrum by means of 
an intragastric pH probe or by staining of the mucosa with 
Congo red through a gastrotomy. During the dissection, 
special care was taken when exposing the lower oesophagus to 
avoid missing the smallest vagal branches. The oesophagus was — 
usually cleared for at least 5 cm above the cardia. 

The operation was mainly performed on account of persist- 

ent pain, and of the 99 patients 6 had already undergone an 
emergency operation for simple suture of a perforated duodenal 
ulcer. Some complicated cases were also submitted to PGV. 
The first case dealt with was an acute perforation in a patient 
with more than a 20-year history. The perforation was closed 
and a PGV was then performed. Four patients with advanced 
pyloroduodenal stenosis due to the ulcer were included, a 
dilatation of the stenosis by means of Hegar’s dilators being 
performed through a small anterior gastrotomy in the vicinity 
of the greater curvature. 
* Postoperatively the patients drank water or fruit juices as 
soon as they were conscious. No intravenous fluids were given 
as a rule and gastric decompression by means of a nasogastric 
tube or gastrostomy was not employed. 


Results 

The group of patients described here has been parti- 
cularly cooperative, attending personally or replying 
to postal questionnaires, and it has thus been possible. 
to maintain contact with 93 of the 99 patients at the 
time of the survey in 1976, giving a 94 per cent follow- 
up rate (Table I). 


* Paseo Zorrilla 30, Valladolid, Spain. 
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Table I: FOLLOW-UP AT 3-6 YEARS AFTER THE 
OPERATION 


Total number undergoing operation. 99 
Operative deaths 0 
Late unrelated deaths 4 
Lost to follow-up 2 
Cases traced 3-6 years after operation 93 


Table If: DIAGNOSIS OF RECURRENT ULCERATION 


Certainty of diagnosis No. of cases ve 
Proved at laparotomy 3 4-3 
Proved at X-ray 1 


Strongly suspected 2 2i 


Table IH: CLINICAL ASPECTS OF RECURRENT 
ULCERATION 
Length of distal stomach Time between operation 
vagally preserved and presentation with 


Sex Age (cm) recurrence (mth) 
M 27 5-6 18 
M 34 5-6 42 
M 33 5-6 12 
M 3 10-11 12 
M 45 10-11 18 
M 60 10-11 20 





Table IV: PROGRESS AND TREATMENT OF PATIENTS 
WITH RECURRENT ULCERATION 


Result at 
Case Treatment of latest 
No. recurrence follow-up Observations 
1 Medical Good No symptoms 
at i yr 
2 Partial gastrectomy Good 
3 Medical Periodic pain 
4 Medical Good No symptoms 
at 6 mth 
5 Partial gastrectomy Good 
6 Partial gastrectomy Good 


The 4 unrelated deaths were due to primary cancer 
of the liver, cancer of the lung, hydatid cyst of the 
liver and pulmonary abscess respectively. 

Of the 93 patients followed up successfully, 32 
were questioned at a personal interview, 10 by postal 
questionnaire and 51 were submitted to radiological 
studies. They included all the patients who had major 
or minor gastric symptoms, but many others were 
asymptomatic. 


Incidence of recurrence 

In the present study the criteria used to diagnose a 
recurrence were similar to those employed by Goligher 
et al. (1972). Cases in which such a complication was 
either proved or strongly suspected are shown in 
Table I. 

Four cases had proved duodenal recurrence (3 
underwent operation and in } the crater was clearly 
seen on X-ray examination), giving a rate of proved 
‘recurrence of 4-3 per cent. Two patients had periodic 
pain and on barium meal examination there was 
suspicious evidence of a duodenal ulcer crater. 
Including these patients, the percentage of duodenal 
recurrence would be 6-4 per cent. No case with a 
gastric ulcer has so far been observed. 


The recurrence rate has been analysed in relation 
to the sex and age of the patients and the time that 
elapsed between operation and recurrence. All the 
cases of proved and suspected recurrence are included 
(Table HD). 

Duodenal recurrence was confined to men and 
generally presented between 12 and 18 months after 
the operation, but in one case it took 34 years to 
appear. 

In the group of 53 patients with 5-6 cm of distal 
stomach innervated recurrence took place in 3 patients 
(2 proved, 1 suspected), giving a recurrence rate of 
5-6 per cent. Three patients from the group of 40 with 
8cm or more of innervated stomach also had a 
recurrence (2 proved, 1 suspected), giving a recurrence 
rate of 7-5 per cent. 


Progress of patients with recurrent ulceration 

Three patients with recurrence underwent operation 
and a partial gastrectomy was carried out with good 
results, Another 3 patients have been treated con- 
servatively so far, because pain was not very severe 
and was adequately controlled by medical therapy. 
In 2 of these patients good results have been main- 
tained continuously for more than 6 months and 
1 year respectively (Table IV). 


Discussion 

With the preservation of the vagal nerve supply to the 
antrum, as is the case in the modified operation, 
vagotomy is confined to the acid-producing part of 
the stomach. The principle was first adopted on an 
experimental basis by Griffith and Harkins in 1957, 
with the name of partial gastric vagotomy, which was 
later changed to selective vagotomy of the parietal 
cell mass (Griffith, 1971). In 1969 B. Amdrup and 
Griffith reported an operation in animals designed to 
reduce vagal acid secretion by denervating the parietal 
cell mass while preserving normal gastric emptying 
by maintaining the vagal innervation to the antrum 
and pylorus. This operation was first used in clinical 
practice in 1967 in combination with a drainage 
procedure devised by Holle and Hart of Munich 
under the name of selective proximal vagotomy. 
Soon afterwards E. Amdrup and Jensen in Copenhagen 
and Johnston and Wilkinson in Leeds suggested that, 
because of the preservation of the main parasym- 
pathetic nerve supply to the antrum, a gastric drainage 
procedure was unnecessary (Amdrup and Jensen, 
1970; Johnsten and Wilkinson, 1970). They termed 
the operation parietal cell vagotomy and highly 
selective vagotomy respectively. However, many other 
names have been employed for this form of vagotomy 
--no less than eleven according to Holle (1974). In 
1971 we proposed to most of the authorities quoted 
above and some others, the term proximal gastric 
vagotomy (Goligher et al., 1972), which has since been 
widely adopted (Williams and Cox, 1973). 

In the present series the first 53 patients were left 
with only the distal 5-6 cm of the antrum innervated, 
it being considered that a denervation of this extent 
was necessary in order to deprive the whole parietal 
cell mass of its vagal supply (Ferguson et al., 1960; 
Johnston and Wilkinson, 1970). Such an operation 
invariably meant the severing of one or more of the 
terminal branches of the nerves of Latarjet. Being 
aware that gastric emptying was delayed in some of 
these cases, vagal preservation was extended to 8 cm 
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or more from the pyloroduodenal junction in the 
next 45 cases. It was accepted that the secretory 
potential of small areas of residually innervated 
parietal mucosa was probably quite low (Amdrup 
and Griffith, 1969). Acid reduction studies showed 
no special differences in the two groups (de Miguel 
et al, 1974a,b). During the dissection meticulous 
attention was paid to the region around the cardia 
and abdominal oesophagus, to avoid missing the 
smallest vagal branches. On average, the oesophagus 
was bared or intended to be bared of vagal fibres for 
at least 5 cm above the cardia. A shorter oesophageal 
dissection seemed to increase the risk of recurrent 
ulceration, perhaps owing to a greater risk of perform- 
ing an incomplete gastric vagotomy (Holst-Christensen 
et al., 1977). 

Most of the patients included in this paper were 
operated on because of intractable pain which could 
not be controlled by conservative therapy. Among 
the complicated cases, there was one patient with 
perforation of the ulcer, the perforation being closed 
and completed with a PGV. This patient was operated 
on in July 1971 and after more than 5 years shows an 
excellent clinical result. (Other cases, not included 
in the present series, have also been operated on in 
that way, with the same favourable result, so that 
this operation is now considered by the author to be 
the procedure of choice for such a complication, 
except when clearly contraindicated.) Similar good 
results have been observed by other surgeons 
(Johnston et al., 1973; Dovale et al., 1974; Imperati 
et al., 1975; Jordan et al., 1976). 

Four patients with gross gastric dilatation due to 
pyloric stenosis also had a PGV with associated 
transpyloric dilatation by means of Hegar’s dilators 
introduced through a small anterior antrotomy. 
Results in 3 cases have been good, but in one case 
persistent delay in emptying has been observed, 
probably owing to restenosis. Delayed emptying has 
been experienced after this manceuvre in another 
patient not in this series. Goligher (1974) has also 
recognized failure in 2 patients who eventually 
required a drainage procedure. These findings indicate 
the need for caution in treating advanced stenosed 
cases by PGV and dilatation. Perhaps a better 
method in these cases may be a small duodenoplasty 
(Kennedy, 1976a; McMahon et al., 1976), a procedure 
originally introduced by Norman Tanner in 1971 
(Tanner, 1973). 

The development of recurrent duodenal ulceration 
has been established in 4+3 per cent of the cases in 
this study and is suspected in another 2 per cent. 
These figures are very close to the 6 per cent recur- 
rence rate noted previously on long term follow-up 
after bilateral selective vagotomy and drainage for 
duodenal ulcer (Amdrup, 1973; de Miguel, 1974a). 
Having personally used selective vagotomy for more 
than 8 years with almost the same technique as is 
currently employed for the upper part of proximal 
gastric vagotomy, the present author is prepared to 
accept at least that figure of recurrence after the use of 
PGV in his general experience. 

There are at present substantial differences in the 
estimates of recurrence after PGV for duodenal ulcer 
recorded in the literature; they extend from barely 
1 per cent to 22 per cent-—-Grassi et al. (1973), 1 per 
cent; Hedenstedt (1973), 1 per cent; Dovale et al. 
(1974), 1-6 per cent; Hallenbeck (1974), 7 per cent; 
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Narbona et al. (1974), 1 per cent; Wastell and Wilson 
(1974), 4 per cent; AllgGwer (1975), 0-8 per cent; 
Kennedy et al. (1975), 2 per cent; Kronborg and 
Madsen (1975), 22 per cent; Jordan (1976), 6-4 per 
cent. Unfortunately we lack data concerning medium 
or long term results for most of these series. 

In the combined report from Leeds and Copen- 
hagen there were no cases with proved duodenal 
recurrence (Amdrup et al., 1974). Later in the Aarhus 
county vagotomy trial Amdrup found a recurrence 
rate of 8 per cent (Anderson et al., 1975), whilst 
the group in Leeds have on further follow-up of their 
series reported a 1 per cent incidence of proved 
recurrence and a further 4 per cent with epigastric 
pain, which raised the suspicion of recurrence but 
which after thorough investigation was not proved 
to be due to this cause (Johnston and Goligher, 1976). 

It is of interest that recurrence in the present 
series of cases has only occurred in men. It was 
usually noted within 2 years of the original operation, 
although in one case it took 34 years to appear. H is 
impossible to be sure of the exact reasons for these 
recurrences or even to speculate about the influence 
of a complete or incomplete vagotomy, since only 
one patient agreed to have an insulin test. The inci- 
dence of recurrence has been very similar in the two 
groups (5-6 cm and 8 cm or more of innervated distal 
stomach). This seems to demonstrate the possibility 
of leaving 8 cm or more of the antrum with its vagal 
supply intact with no higher risk of recurrence. How- 
ever, owing to the small number of patients in each 
group and the differences in time of observation 
(clearly longer in the first group than in the second), 
the truth of this theory remains to be proved. 

Less attention has been paid to the possibility of 
gastric ulceration after PGV for duodenal ulcer. 
However, its occurrence was soon noted by Hall 
(1972) and by E. Amdrup et al. (1974). The develop- 
ment of a new gastric ulcer after any form of vago- 
tomy with or without an associated drainage pro- 
cedure usually takes place at a much later date than a 
duodenal recurrence, with an average lapse of 5 years 
or more (O'Leary et al., 1976; de Miguel, 1977). This 
is probably the reason why few cases have been 
quoted up to now. Nevertheless, some more have 
been reported recently (Clark, 1974; Hallenbeck, 1974; 
Goligher, 1976; Jordan, 1976; Kennedy, 1976b). 
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Revagotomy for recurrent peptic ulceration 
T. V. TAYLOR, K. W. PEARSON AND BRUCE TORRANCE? 


SUMMARY 

A review has been made of 59 patients with recurrent 
peptic ulceration after incomplete vagotomy. Eighteen 
transthoracic procedures were performed, the remainder 
having abdominal revagotomy. An antrectomy was also 
carried out in 10 of these patients. An intact posterior 
nerve trunk was the most common operative finding 
and when either an anterior trunk or nerve strands 
only were present there was less likely to be an early 
positive insulin response (P = 0-033), Following incom- 
plete vagotomy a longer period of symptomatic relief is 
obtained when gastro-enterostomy rather than pyloro- 
plasty is used as the drainage (P<0-01). Completing 
the vagotomy by the abdominal route gave superior 
results to transthoracic revagotomy (P = 0:0015), the 
former procedure without antrectomy having no 
associated mortality in this series. Although the results 
of revagotomy and antrectomy are as good as those of 
transabdominal revagetomy alone, we recommend the 
latter more conservative treatment for recurrent 
ulceration after incomplete vagotomy. 


ALTHOUGH the results of vagotomy have been 
extensively reviewed in the literature, the problems 
of the investigation and treatment of recurrent ulcera- 
tion have received less attention and clear guidelines 
for the surgical therapy have not been defined (Stable 
and Passaro, 1976). Recurrent ulceration after 
vagotomy and a drainage procedure is often associated 
with the incomplete division of nerves (Dragstedt et 
al., 1947), the intact trunk in these circumstances 
usually being large (Clark, 1964). ui 

Few attempts have been made at second operation, 
for recurrent ulceration, to correlate the anatomical 
distribution of intact nerve fibres with the insulin test 
response. We have studied 59 patients with recurrent 
ulcer symptoms due to incomplete vagotomy and 
correlated the operative findings with regard to active 
ulceration and intact nerve trunks with the insulin 
test findings. 


Patients and methods 

Over a 10-year period between 1965 and 1975 59 patients 
underwent revagotomy for recurrent duodenal or stomai ulcer 
in the Department of Gastroenterology, Manchester Royal 
Infirmary. Forty-six men and 13 women were treated, of whom 
one-half had their initial operation in another hospital. The 
ages ranged from 25 to 70 years and the duration of symptoms 
prior to the first vagotomy varied from | to 15 years. The initial 
operation was truncal vagotomy and pyloroplasty in 45 patients 
and truncal vagotomy and gastro-enterostomy in 14; none of 
the patients in whom vagotomy and antrectomy was performed 
as a primary procedure was seen. Insulin tests were performed 
in all except 3 of the vagotomy and pyloroplasty group (42), 
and these tests in 4 of the gastro-enterostomy group were 
unsatisfactory. 


Diagnosis 

In the first 5 years of the study diagnosis of recurrent ulceration 
depended upon the patient’s history, barium studies, where 
these were helpful, and the presence of a positive insulin 
response. In the second 3-year period the routine use of 
endoscopy greatly enhanced the accuracy of the diagnosis. 
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Fig. 2. Time interval (years) between first and second 
operation. 


Three patients with Zollinger-Ellison syndrome were excluded 
on the basis of elevated serum gastrin levels and this diagnosis 
was subsequently established at laparotomy. 

Eighty-one per cent of the patients developed recurrent ulcer 
symptoms within 2 years of the original operation; 89 per cent 
of the pyloroplasty group and 62 per cent of the gastro- 
entcrostomy patients (Fig. 1). Of the 5 patients who developed 
recurrent ulcer symptoms more than 4 years after the initial 
surgery, only one had a pyloroplasty performed as the primary 
drainage procedure. The mean period of relief in the pyloro- 
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Fig. 3. Correlation between insulin test response before 
revagotomy and the anatomical distribution of intact nerves 
at operation. E+, Early positive response; L+, late positive 
response; NEG, negative response; Strands indicates fine 
collections of vagus nerve not constituting a major nerve 
trunk. When an intact posterior trunk was present as 
opposed to an anterior trunk or strands alone there was an 
increased chance of obtaining an early positive insulin 
response (P= 0-033, Fisher’s exact test). 
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VISICK GRADE 
Fig. 4, Visick grading after abdominal revagotomy, thoracic vagotomy and revagotomy and antrectomy. 





2-92 years (P<0-01, Mann-Whitney U test), illustrating that 
the drainage procedure itself is of some significance. Eighty- 
three per cent underwent reoperation within 3 years of the 
onset of recurrent symptoms (Fig. 2). 


Treatment 

Of the 45 patients initially treated by vagotomy and pyloro- 
plasty, 18 had a transthoracic vagotomy, 14 an abdominal 
revagotomy alone, 6 a vagotomy and antrectomy, 6 a vagotomy 
and gastro-enterostomy and I a revagotomy and revision 
pyloroplasty. In the gastro-enterostomy group of 14 patients no 
transthoracic procedures were performed; in 4 a revagotomy 
and antrectomy was carried out and in the remaining 10 
patients the gastro-enterostomy was converted to a pyloroplasty 
after completing the vagotomy. Absorbable suture material 
was used for all drainage procedures. Five patients underwent a 
third operation, 4 of these having had a transthoracic procedure 
at the second operation. 


Operative findings 

Of the 41 patients undergoing laparotomy in only one was there 
no evidence of intact vagal fibres along the abdominal oeso- 
phagus; in the latter patient an early insulin positive response 
was present and the serum gastrin was within the normal range 
so the case was included. An intact posterior trunk was the most 
common finding (27 cases, 66 per cent}, being present alone in 
8 cases, with an anterior trunk in 9 and with anterior strands in 
10. An anterior trunk alone was present in 8 (19-5 per cent) and 
fine nerve strands alone in 5 cases (12:2 per cent). An active 
ulcer was definitely present at the time of operation in two- 
thirds of the group undergoing laparotomy. Of the patients in 
whom either anterior and posterior nerve trunks, or a posterior 
trunk and anterior strands, were present (19), 84 per cent had 
active ulceration present: in 3 patients, all of whose symptoms 
were relieved by revagotomy, an active ulcer was not apparent 
at the time of operation. Of the group in whom either an 
anterior or posterior trunk alone was found (15), 66 per cent 
had active ulceration and in the 5 patients with fine nerve 
strands alone only one had evidence of active ulceration at 
operation. 


Insulin status 

Satisfactory insulin tests between the first and second operations 
were obtained in all except 6 patients; Hollander’s criteria 
(1946) were used to assess the response. In those patients on 
whom pyloroplasty was initially performed there were 30 early 
positive responses, 11 late responses and 1 negative; following 
gastro-enterostomy there were 7 early responses, 2 late and 2 
negative (in the latter group four tests were unsatisfactory 
because of bile reflux). All of the 18 patients who underwent 
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transthoracic revagotomy had a positive insulin response (14 
early, 4 late). In the abdominal revagotomy group 22 patients 
had an early positive response and in 19 of these active ulcera- 
tion was clearly present at operation. Of the 8 patients with a 
late response, 6 had active ulceration and of the 4 negative 
responses 2 had an active ulcer. 

When the responses to insulin tests were correlated with 
intact nerves found at operation (Fig. 3), in those with an intact 
posterior trunk, with or without other trunks, 16 had early 
responses, 4 late and 1 negative. In those with an intact 
anterior trunk there were 3 early positives, 4 late positives and 
i negative response. When strands only were present without 
an intact trunk there were 2 early responses, 1 late and 2 
negatives. When an intact posterior trunk was present as 
opposed to an anterior trunk or strands alone there was an 
increased chance of obtaining an early positive insulin response 
{P = 0-033, Fisher’s exact test). Nerve fibres found at second 
operation bore no relation to the original drainage procedure 
and were equally distributed between the two groups. Of those 
7 patients on whom an insulin test was performed more than 
2 years after the second operation, 6 were insulin-negative and 
there was I late positive response. 


Results 

The period of follow-up was 2:0941-3 years for 
thoracic revagotomy and 2-63+2-24 years for 
abdominal revagotomy. The results were classified 
according to a modified Visick grading and there was 
one death in the series due to pulmonary embolism 
at 10 days after revagotomy and antrectomy. Follow- 
ing abdominal revagotomy alone 64-5 per cent were 
completely symptom-free and 96-7 per cent were 
categorized in Visick grades I and H, and following 
vagotomy and antrectomy 77 per cent had a satis- 
factory result (grades I and H). The results of trans- 
thoracic vagotomy were not as good as those following 
abdominal revagotomy and an unsatisfactory result 
was usually manifest by 1 year. Sixty-one per cent had 
satisfactory results but 28 per cent were allocated to 
Visick grade IV, whereas in the transabdominal group 
only 2-5 per cent had this grading. The symptoms 
which gave rise to an inferior grading in the trans- 
thoracic group were chiefly those of recurrent ulcera- 
tion, though some patients complained of flatulent 
dyspepsia and distension. Four of these patients went 
on to an antrectomy for a further recurrent ulcer, 
3 having had gastro-intestinal tract. bleeds; 2 of these 
remained insulin-negative at 8 months and 2 years 
postoperatively and 2 had a late positive response at 
7 months and 3 years respectively. The results of 
abdominal revagotomy with or without antrectomy 
were significantly better than those following trans- 
thoracic procedures when assessed according to the 
Visick grading, grades I and H being regarded as a 
satisfactory result (P = 0-0015, y°). There was no 
significant difference between the results of abdominal 
revagotomy alone and revagotomy and antrectomy 
(Fig. 4). 


Discussion 

The pool size of this series of recurrent ulcers is impos- 
sible to predict due to the high percentage of patients 
referred from outside hospitals, but on this unit in the 
10-year period studied 1200 vagotomies were per- 
formed. Duodenal ulcer de novo affects about 10 per 
cent of the population. The ratio of males to females 
tends to be decreasing but in the 10-year period in 
question this was about 2:5: 1 (Pulvertaft, 1968; 
Fratkin, 1973). In the present series of recurrent 
ulcers this was 3:5 : 1, whereas Fawcett et al. (1969) 
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quoted a ratio of 6 : 1. The mean age of 45 + 11 years 
compares closely with the series of Marshall and 
Terrell (1957), Fawcett et al. (1969) and Jaffe et al. 
(1969), but Cleator et al. (1974) reported a mean age 
of 61+14 years following gastro-enterostomy alone 
and 54+11 following vagotomy. As in other series, 
the period of freedom following incomplete vagotomy 
was short; however, it tended to be longer when 
gastro-enterostomy was used as a drainage procedure 
instead of pyloroplasty. Ninety per cent of the pyloro- 
plasty group developed recurrence within 2 years 
whereas the corresponding figure in the vagotomy and 
gastro-enterostomy group was 62 per cent and the 
time of onset of recurrent symptoms was significantly 
prolonged after the latter procedure. Wychulis et al. 
(1966) reported a short period of freedom following 
vagotomy and gastro-enterostomy, whereas in a 
selected group on whom gastro-enterostomy alone 
was performed, the mean period of freedom was 
7-4 years. These authors raise the possibility that a 
gastric secretory inhibitor factor may be reduced by 
vagotomy. Small et al. (1971) have stated: 

Recurrence of ulcer develops at acid levels after failed vagotomy 
and gastro-enterostomy which after gastro-enterostomy alone 
seem to be safe. Failed vagotomy makes the patient susceptible 
to recurrent ulceration, or expressed differently failed vagotomy 
may be more dangerous than no vagotomy at all. 

We have seen 3 patients with recurrent ulcer at 10-26 
years after vagotomy and gastro-enterostomy who 
were insulin-negative and showed no evidence of 
intact nerves being present at the second operation, 
serum gastrin determinations being normal in all 3 
patients. Johnston et al. (1967) showed that patients 
who have an early positive insulin response after 
vagotomy have a high chance of developing symptoms 
of recurrent ulceration within 2 years and in those 
with a later response the chances of recurrent ulcera- 
tion are reduced. Our results endorse this; of 37 early 
positive tests 31 patients developed recurrent ulcera- 
tion within 2 years whereas only 8 of 13 with late 
positive responses developed symptoms within that 
period, 

The second operations were, with the exception of 
5, performed by one surgeon and 83 per cent had 
their reoperation within 3 years of the onset of 
recurrent symptoms, which compares with other 
series (Wychulis et al., 1966; Cleator et al., 1974). 
The anatomical location of intact nerves at second 
operation was similar to that in Fawcett’s series, an 
intact posterior trunk being present in 45 per cent and 
54 per cent respectively in the two series. Both 
anterior and posterior trunks were found in one- 
quarter of the patients in these series. Murray (1966) 
has described the ability of the vagus nerve to 
regenerate over gaps of 2 cm in animals, and thus our 
policy in carrying out vagotomy is to diathermize as 
long a segment of the vagal trunk as possible before 
dividing it, after which the ends of the trunk are widely 
separated. Employing this technique physical regenera- 
tion of the nerve would seem very unlikely; in one 
patient a neuroma was present on the main trunk 
with a fine distal continuation running on to the 
stomach, probably reflecting incomplete division at 
the time of operation. Venables (1970) reports that 
no intact nerve fibres were present in 5 of 11 trans- 
abdominal operations for recurrent stomal ulceration, 
but in only one patient in our series was evidence 
of intact nerve fibre not found. This patient was both 
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insulin-positive and had an active ulcer present at 
the second operation. In most recorded series in the 
literature the exact anatomical location of intact nerve 
fibres is not quoted (Wychulis et al., 1966; Jordan and 
Condon, 1970; Small et al., 1971; Cleator et al., 1974). 
We would reinforce the importance of excluding an 
intact posterior trunk after a previous vagotomy, the 
presence of such an intact trunk usually being 
heralded by an early positive insulin response. 

The insulin test remains the most valuable investi- 
gative tool in detecting the completeness of vagotomy. 
Our results show clearly that the more intact nerve 
fibre present at reoperation the more likely there is to 
be an early positive insulin response with an active 
ulcer present. Bell (1966) has stated that an early 
positive response to insulin is associated with an 
intact large branch and subsequent ulceration in over 
30 per cent of cases. If the missed branch is small, 
there may be a late positive response with an incidence 
of recurrent ulceration of less than 10 per cent. 
Murray’s experimental work (1966) showed that 
when regeneration is complete, there is an immediate 
response which equals the norm; where regeneration 
is only partial, the response can be delayed for a 
considerable time as compared with the norm and 
may be very much less than the norm. Certain prob- 
lems are still associated with the interpretation of the 
insulin test; Gillespie et al. (1969) showed 2 negative 
and 5 late responses in a series of 47 duodenal ulcer 
patients with intact stomachs. The same authors 
later showed that 50 per cent of insulin-negative 
responses recorded in the second week after vagotomy 
became positive in these same patients 3 months to 
4 years later (Gillespie et al., 1970). There is evidence 
that after vagotomy some recovery of gastric secretory 
function occurs (Weinstein et al., 1950; Pollock, 1952), 
and it is possible that this could result from reactiva- 
tion of the glandular apparatus secondary to incom- 
plete denervation. Clark (1964) has shown that 
incomplete vagotomy ultimately leads to complete 
return of function through the remaining nerve fibres, 
and if only 10 per cent of the nerves remain functional, 
the stomach may return to normal, 

In 7 patients in whom the insulin test was carried 
out more than 2 years after revagotomy, 6 were 
insulin-negative and 1 had a late positive response. 
In a further 5 tested within 2 years of reoperation, 2 
were insulin-negative and 3 had a late positive result. 
Ten of these 12 had an early positive response before 
revagotomy, but in 5 of these patients an unsatis- 
factory response to surgery was obtained, 4 having 
had a transthoracic vagotomy. Jordan and Condon 
(1970) reported 10 positive tests in a total of 18 
patients following revagotomy. 

The reasons for the reversal of insulin status from 
negative to positive are not completely understood, 
though it is generally accepted that a positive response 
to insulin indicates the persistence of intact secreto- 
motor vagal fibres to the stomach (Gillespie et al., 
1970). Lyndon et al. (1975) have recently reported a 
reversal from a negative to a positive insulin response 
after 3 years in 16 of 17 cases following highly selective 
vagotomy. This change following truncal vagotomy 
may be due to ingrowth of nerve fibres from the 
proximal intact vagus into Auerbach’s and Meissner’s 
plexuses through the oesophageal wall and subse- 
quently into the parietal cell area. In addition to this 
proximal innervation, following highly selective 


vagotomy, reinnervation may occur by ingrowth 
across the antral-corpus junction as well as via the 
oesophagus, giving rise to the increased incidence of 
reversal of insulin-negative status which appears to 
follow this operation. Jordan (1976) compared 
parietal cell vagotomy with selective vagotomy and 
antrectomy and showed that, only 2 months after 
operation, 41 per cent of the parietal cell vagotomy 
patients and none of the antrectomy group had a 
positive Hollander test. This result may support the 
above hypothesis, since the vagotomy technique for 
the proximal part of the stomach was the same in each 
case. The degree of reinnervation along these lines 
will be variable, but may well be greater and more 
rapid across the antral~corpus junction than along the 
oesophageal plexuses, since there is a larger area and 
a shorter distance required for reinnervation to take 
place from the antrum. 

This type of reinnervation would at best be only 
partial, because most vagal fibres are afferent, making 
complete motor reinnervation along the original 
pathway unlikely. In contrast to the high reversal of 
insulin status, the incidence of recurrent ulceration 
after parietal cell vagotomy remains low (Johnston 
et al., 1975). It would seem, therefore, that the partial 
reinnervation suggested, though being capable of 
reversing insulin status, is less ulcerogenic than 
incomplete vagotomy per se (Taylor and Pearson, 
1976). 

Although transthoracic vagotomy has the attrac- 
tions of easy access and identification of nerves, the 
results in our 18 cases were worse than those achieved 
by the abdominal route. Fawcett et al. (1969) similarly 
described disappointing results with the thoracic 
procedure and the Report of the Committee on Sur- 
gical Procedures (1952) stated that the insulin test was 
positive in 33 per cent of 151 cases of transthoracic 
vagotomy compared with only 20 per cent of 790 
subdiaphragmatic vagotomies. The reason for the 
Visick grade IV rating following most of the thoracic 
procedures in our series was further recurrent ulcera- 
tion and vomiting; distension and flatulence appeared 
to be more common following this procedure, 
possibly indicating a motility disorder in the region 
of the lower oesophagus. Post-vagotomy dysphagia 
was not a problem in this group of subjects. 

There was only one death in the series (1:6 per cent), 
this being due to pulmonary embolism following 
revagotomy and antrectomy; after revagotomy alone 
there was no mortality and minimal morbidity. 
Reviewing the surgical literature on recurrent peptic 
ulcer, Stable and Passaro (1976) stated that re- 
vagotomy alone for recurrent ulcer had the lowest 
operative mortality rate of 1-1 per cent, being 
significantly lower than the 2:9 per cent mortality 
reported for resection alone (P<0-01). Similarly, 
Stable and Passaro state that the mortality rate. for 
resection and revagotomy is significantly higher—- 
7-9 per cent (P < 0-05). Steinberg et al. (1975) describe 
excellent results with no mortality following re- 
vagotomy and antrectomy in 22 patients, advocating 
this procedure for the treatment of recurrent ulcers 
with an insulin-positive response, provided a gastrin- 
secreting tumour is excluded. 

The present authors agree with Fawcett et al. 
(1969) that transthoracic vagotomy gives inferior 
results to abdominal revagotomy but the reasons 
for this remain obscure. Wej would I suggest { that 





transabdominal revagotomy alone gives a satisfactory 
result in the vast majority of recurrent ulcers with an 
insulin-positive response and carries a lower mortality 
than resection. It is logical to assume that if the 
initial vagotomy in these cases had been complete 
they would not have developed a recurrent ulcer. 
Therefore, completing the vagotomy alone would 
appear reasonable as this is fully carrying out the 
operation initially intended. Where the insulin test is 
persistently negative and no vagal fibres are found at 
reoperation we would recommend antrectomy. 
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Reappraisal of the left lateral decubitus 


X-ray in splenic rupture 


R. A. M. MYERS, W. ANDREW AND A.E. 


SUMMARY 

The lateral decubitus view of the barium-filled stomach 
has been reassessed in a series of 42 patients with 
possible splenic rupture and compared with a group of 
17 patients with splenomegaly. Displacement of the 
gastric fundus of more than 4 cm from the inner rib 
margin is highly suggestive of splenic rupture. Where 
doubt exists, the test should be repeated within a short 
while. Peritoneal lavage and a full blood count investiga- 
tion both add to the diagnostic accuracy. 


Tue diagnosis of traumatic rupture of the spleen may, 
on occasion, be difficult. It is not surprising, therefore, 
that attempts to resolve the dilemma have resulted in 
a wide range of investigations. Among these are 
abdominal paracentesis (Wilkinson, 1969) and lavage 
(Gill et al., 1975; Parvin et al., 1975; Benjamin et al., 
1976), isotope splenic scan (Rosoff et al., 1972), peri- 
toneoscopy and angiography (Love et al., 1968; 
Solheim and Aakhus, 1972). 

Schorr and Danon (1967) described a simple non- 
invasive radiographic technique. The patient ingests 
200 mi of barium sulphate emulsion and, while lying 
on the left side (left lateral decubitus), a single film is 
exposed with a horizontal beam. The weight of the 
barium-filled stomach brings the greater curve and 
fundus into contact with the spleen, displacing 
interposed bowel. 

Rupture of the spleen may produce bleeding into 
the peritoneal cavity and subsequent perisplenic 
haematoma or subcapsular haematoma (the latter 
being a particularly tricky diagnostic problem). Either 
condition results in displacement of the barium-filled 
stomach medially. In their series, Schorr and Danon 
found that the horizontal distance between the inner 
rib margin and the greater curve of the stomach was 
less than 3 cm in the norma! patient. Where perisplenic 
or subcapsular haematoma or splenomegaly was 
present, the fundus or greater curve was displaced by 
between 3 and 8 cm from the inner costal margin. The 
findings in ruptured spleens were confirmed by one of 
us (Wilkinson, 1969). 


Patients and methods 

Our patients were divided into three groups: 

Group A. Patients suspected of having ruptured spleens, 
subsequently confirmed at operation. 

Group B. Patients with trauma to the left lower chest and 
hypochondrium, but without clinical evidence of ruptured 
spleen. All these patients made an uneventful recovery without 
operation. 

Group C. A group of patients drawn mainly from the 
Haematology Clinic of the Johannesburg Hospital with varying 
degrees of splenomegaly. 

All these patients were given 200 mi of barium sulphate 
emulsion by mouth and a single left lateral decubitus film was 
exposed. Where the result was equivocal, the picture was 
repeated after a short while and peritoneal lavage was per- 
formed. 

The results are presented in Table I. 

In group A, the fundus of the stomach was displaced medially 
in all 20 cases. In 20 per cent of the patients the entire greater 
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Table I: RESULTS OF STUDY OF THREE GROUPS 
OF PATIENTS USING THE LEFT LATERAL 
DECUBITUS X-RAY 


Rib- 
stomach 
No. of distance Portion of stomach 
Group patients (cm) indented 
A: Ruptured 20 40-165 Fundus alone 80% 


Entire greater curve 20% 
Distal greater curve 0% 
B: Not ruptured 22 m 
C: Splenomegaly 17 Fundus 0% 
Entire greater curve 75% 


Distal greater curve 25% 


curve was displaced. Conversely, in group C, the fundus was 
never displaced alone, though it was displaced with the greater 
curve in 75 per cent. 

No false negative or false positive results were found in 
group A. 


Case reports 

Case 1: An adult male patient was admitted with a history of 
having sustained a head injury several days earlier. On examina- 
tion pallor and tachypnoea were present, with left basal con- 
solidation and guarding and tenderness in the left hypo- 
chondrium. The left lateral decubitus view showed a rib- 
stomach distance of 8 cm, involving the fundus particularly 
(Fig. 1). Peritoneal lavage revealed a haemoperitoneum and at 
laparotomy a ruptured spleen was found. 


Case 2: A history of blunt trauma to the left upper abdomen 
was obtained from an adult male patient. Clinically there was 
teft hypochondrical tenderness, but the patient was not 
shocked and no signs of intraperitoneal bleeding were present. 
The lateral decubitus view (Fig. 2) showed the stomach close to 
the medial rib margin. The patient was observed and his signs 
and symptoms regressed completely. 


Case 3: Following trauma to the left lower chest, this patient 
presented with a haemothorax and five fractured ribs on the 
left side. Because of the clinical picture of tachycardia, tachy- 
pnoea, shock and anaemia, with a mass in the left hypo- 
chondrium, a left lateral decubitus X-ray was taken. It demon- 
strated displacement of the entire greater curve of the stomach 
of 33 cm from the ribs (Fig. 3). Peritoneal lavage, however, 
was negative and therapy therefore conservative. A full blood 
count revealed polycythaemia rubra vera. After 24 h the lateral 
decubitus view and peritoneal lavage were repeated, without 
alteration in result. An isotope spleen scan showed an enlarged 
intact spleen. The subsequent clinical course proved this to be 
true. 


Case 4: Several hours after sustaining blunt abdominal trauma, 
this patient became shocked with signs of intraperitoneal 
bleeding. The lateral decubitus view showed displacement of 
the distal third of the greater curve of the stomach (Fig. 4). 
Laparotomy revealed a torn mesentery and mesocolon with a 
large clotted haematoma in the lesser sac. The spleen was 
intact. 


Case 5: A lady aged 49 with fractures of the left first to eighth 
ribs and a contusion of the left lung was admitted after a road 
traffic accident. Her pulse rate was 120/min and her blood 
pressure 110/80. There was marked tenderness in the left 
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Fig. 1. Case 1. A rib-stomach distance of 8 cm in a patient 
subsequently found to have a ruptured spleen. 





Fig. 2. Case 2. A patient with a normal spleen in which the 
stomach is seen to be close to the medial rib margin. 


hypochondrium, with guarding of the left side of the abdomen, 
but no rigidity. A rupture of the spleen was suspected, but 
abdominal paracentesis was negative and her condition 
improved rapidly after transfusion of 3 pints of blood. The 
tenderness persisted and 14 days post-injury an X-ray in the 
left lateral position showed the greater curve to be 10 cm from 
the rib margin (Fig. 5). At operation a spleen distended with 
blood from a subcapsular rupture was removed. There was no 
perisplenic haematoma and no free blood in the peritoneal 
cavity. 


Discussion 

The left lateral decubitus X-ray for the diagnosis of 
ruptured spleen had fallen into some disrepute at our 
hospital. Many surgeons felt that it was unreliable. 
We were therefore stimulated to assess its accuracy 
and, if possible, to establish reasons for its reported 
lack of precision. 
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Left lateral decubitus X-ray 





Fig. 3. Case 3. Displacement of the greater curve of the 
stomach from the ribs of 4-3 cm. This patient, however, was 
found to have an intact spleen. 
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Fig. 4. Case 4. Showing displacement of the distal third of 
the greater curve of the stomach. The spleen in this patient 
was intact. 





Fig. 5. Case 5. The distance between the greater curve and 
the rib margin is 10 cm. The patient had a subcapsular 
rupture of the spleen. 
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Portion of stomach displaced. 

From Table I it can be seen that more than 4cm 
displacement of the gastric fundus by itself was 
diagnostic of splenic rupture. Where the entire greater 
curve was pushed away from the ribs there was some 
doubt about the diagnosis. In these cases supple- 
mentary investigations were found necessary. Those of 
real value were the full blood count (Case 3) and 
peritoneal lavage (Case 2), both simple tests which 
can be carried out at any hospital. 

No case of ruptured spleen displaced the distal 
portion of the greater curve alone, whereas spleno- 
megaly did. Our findings are therefore at slight variance 
with those of Schorr and Danon (1967). They described 
displacement of the greater curve with frequent 
concavity of its middle portion in splenomegaly. Their 
series included 7 cases of ruptured spleen out of more 
than 30 cases of trauma to the left hypochondrium. 


Time of investigation 

It must be emphasized that after rupture of the spleen 
has occurred it usually takes some time for a sizeable 
haematoma to form. If the initial X-ray examination 
is carried out less than 3-4h after injury, a false 
negative result may be obtained. For this reason, when 
there is any doubt, e.g. where the initial distance 
between the rib margin and the greater curve is just 
under 4 cm, this may be seen to increase if the view is 
repeated later. This increase is of great significance. 

Again, in doubtful cases, e.g. where the whole 
greater curve of the stomach is displaced, or where the 
rib-stomach distance is just under 4 cm, peritoneal 
lavage is of decided value in distinguishing spleno- 
megaly from rupture (Case 3). 

Where splenomegaly is suspected, a full blood count 
may demonstrate the underlying pathology. But for 
this and negative lavage the patient in Case 3 would 
have had an unnecessary laparotomy. 


Contrast 

As a modification in technique we compared the 
standard barium sulphate views with studies done 
immediately prior to them using alternative contrast 
media. The stomach was filled with CO, by using 
effervescent tablets and a right lateral decubitus film 
was taken. Also the stomach was filled with gastro- 
grafin before a left lateral decubitus film was taken. 
Both these contrast media proved ineffective as the 





rib-stomach distance was considerably greater than 
with the barium examination and a false positive test 
could easily result. | 

The advantages of this simple investigation using 
the barium-filled stomach are many. It is cheap, 
requiring only basic X-ray equipment and skill; it is 
easy to perform, even on an unconscious patient; and, 
perhaps the greatest advantage, it can be carried out 
in small centres. A patient with a ruptured spleen is 
seldom fit enough to be transported to a larger and 
better equipped hospital. 

The accuracy of the lateral decubitus X-ray is 
enhanced by critical consideration of the portion of 
the greater curve of the stomach displaced. If the 
entire greater curve is involved and doubt exists 
about splenomegaly as against rupture, peritoneal 
lavage and a full blood count should establish the 
diagnosis. 

Included in the 20 cases of splenic rupture were 3 
cases of subcapsular tear with haematoma formation. 
One of these is reported in detail (Case 5). The 
advantage of the detection of this condition before 
intra-abdominal haemorrhage occurs is obvious. 
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Shock as a complication of pancreatitis is well 
known. However, attention has recently 
focussed on the pancreas as a target organ in 
shock due to other causes." Either situation 
leads to impaired perfusion and a chain of 
events mediated by kallikrein, which leads 
through hypoxia and release of proteolytic 
enzymes to inappropriate activation of 
coagulation, fibrinolysis and the kinin system. 


This process can be blocked by the 
administration of Trasylol, which inhibits 
kallikrein.? Trasylol has also been shown to 
prevent the production of basic polypeptides 
such as kinins and pulmonary lesion factor 
(PLF),? which are also implicated in the 
shock process. 


In a prospective double blind trial,* addition of 
Trasylol to standard therapy significantly 


reduced the mortality due to acute pancreatitis, 
and favourably altered the course of the illness. 
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Haemobilia: a report of 2 cases 


W. B. J. JANSEN AND J. G. R. VOLDER* 


SUMMARY 

Although rare, haemobilia should be included in the 
differential diagnosis of obscure  gastro-intestinal 
bleeding, particularly when accompanied by colic and 


jaundice. Case histories of 2 patients with haemobilia of 


different origin are presented. One had traumatic 
haemobilia after suture of a liver rupture; in the other 
patient an aneurysm of a branch of the right hepatic 
artery ruptured into the hepatic duct. The first patient 
recovered spontaneously; the second required ligation 


of the affected blood vessel. Diagnosis and treatment of 


the haemobilia syndrome are discussed, with reference 
to the liver blood supply. 


PROFUSE bleeding in the biliary system causes haemo- 
bilia, a syndrome characterized by intestinal haemor- 
rhage, biliary colic and jaundice. Extensive reviews 
have made this rather rare syndrome better known 
(Sandblom, 1972). Haemobilia is generally understood 
as the acute picture resulting from arterial haemor- 
rhage, but chronic blood loss in the biliary ducts may 
occur as occult haemobilia. The diagnosis of haemobilia 
is sometimes overlooked preoperatively or even during 
operation and can lead to inappropriate surgical pro- 
cedures. In recent years the prognosis has improved 
appreciably as the histories of our 2 patients illustrate. 


Case reports 

Case 1: A 23-year-old man was admitted after a car accident 
on 5 May 1971 in which he suffered blunt abdominal trauma. 
He complained of diffuse abdominal pain and a feeling of 
tightness in the chest. His respiration was shallow. Blood 
pressure was 130/80 mmHg. Guarding and tenderness were 
present in the right upper abdomen and bowel sounds were 
absent. 

Laboratory results were as follows: Hb 9-3 g/dl, WBC 
14 000/mmë, bilirubin 11-97 umol/l, alkaline phosphatase 
2:7 U Bessey, SGOT 91 i.u. and SGPT 302 i.u. 

An emergency operation was performed since intra- 
abdominal bleeding was suspected. The spleen was found to be 
badly ruptured and was removed. In the anterior side of the 
right lobe of the liver was a 10-cm tear of unknown depth. The 
tear was no longer bleeding and was sutured without any 
further local exploration. 

The early postoperative course was uneventful. However, 3 
weeks later, the patient complained of colic in the right hypo- 
chondrium and, subsequently, he developed jaundice, melaena 
and fever. 

Laboratory findings at this stage were: Hb 9-2 g/dl, WBC 
15 200/mm°, bilirubin 104-31 mol/l, alkaline phosphate 
13-4 U Bessey, SGOT 14 i.u. and SGPT 32 i.u. Radiograms of 
the stomach and duodenum showed no abnormalities except an 
impression on the pyloric area. 

Because the symptoms increased, another laparotomy was 
performed on 3 June 1971. No abnormalities were found but 
the gall bladder and biliary ducts were not opened. Post- 
operatively, the clinical signs and symptoms remained the 
same. Because of the possible diagnosis of haemobilia an 
arteriogram was done and showed a circumscribed area of 
contrast (Fig. 1). The liver scan also showed a lesion measuring 
5x7 cm (Fig. 2). 

The patient recovered spontaneously and was discharged on 
29 June 1971. At follow-up examination in March 1976 the 
patient was free of complaints and in good general condition. 
Physical examination showed no abnormalities and all the 
laboratory blood values were normal. 


40 





Fig. 1. (Case 1.) Selective arteriogram of the coeliac artery. A 
Seldinger catheter was placed in the left femoral artery. In 
the upper right corner there is a round, sharply bordered 
cavity, 3 cm in diameter, filled with contrast medium, giving 
the impression that a rather large artery drained into this 
area. The contrast medium remained present for a 
considerable time, but had disappeared from the cavity 
about 20 min after the injection. It seems possible that there 
was a communication with the biliary ducts although none 
can be seen on the arteriogram because the amount of 
contrast medium was not sufficient. (The contorted line is 
the lead marking thread of a covering gauze.) (Courtesy of 
L. I. van Haastert.) 





Fig. 2. (Case 1.) On the left a rather irregularly bordered 
area (5x7 cm) with a much lower activity level. (Liver scan 
made with colloidal ?®*Au, courtesy of Dr A. H. Keijser.) 





* St Hippolytus Hospital, Delft, Holland. 
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Case 2: A 76-year-old female was admitted on 11 August 1971 
complaining of colic in the right upper abdomen with the 
subsequent development of nausea, vomiting and hematemesis. 
The history was otherwise unremarkable, She was slightiy 
icteric and had a blood pressure of 180/100 mmHg. There was 
no guarding but tenderness was present in the epigastrium. No 
enlarged organs were palpable and the bowel sounds were 
decreased. 

Laboratory findings were as follows: Hb 13-2 g/dl, WBC 
4900 mm*, bilirubin 131-67 umol/l, alkaline phosphate 6'8 U 
Bessey. 

Oesophageal and gastric radiograms showed a large hiatus 
hernia but no portal varicosities. A cholangiogram showed 
poor filling of the gall bladder. During the next 3 days the 
colicky pains recurred. The bilirubin level varied between 
3-42 and 107-73 mol/l. 

The haematemesis stopped but was replaced by melaena. 
Four days later she became shocked. With a provisional 
diagnosis of haemobilia, a right laparotomy was performed. 
The gallbladder resembled an eggplant, swollen and purple, 
and aspiration revealed blood confirming the diagnosis of 
haemobilia. The fistula could not be visualized and palpation 
did not reveal an aneurysm. The gallbladder was removed and 
a choledochotomy released blood and clots. The chole- 
dochotomy was extended 4 cm towards the liver, when arterial 
bleeding was discovered on the posterocranial wall of the 
hepatic duct. The fistulous opening was sutured with atrau- 
matic 4/0 silk, The clots in the bile duct were removed with a 
Fogarty catheter and a T-tube was placed in the common duct. 
The hepatic artery was not explored. The diagnosis was 
regarded as an arteriobiliary fistula without a demonstrable 
aneurysm. Histologically, the gallbladder showed signs of 
severe oedema, bleeding and acute inflammation. 

The postoperative course was satisfactory for 6 days, when 
blood emerged from the bile drain indicating a recurrence of 
haemobilia. Arteriography of the coeliac artery was unsuccess- 
ful. Therefore a second laparotomy was performed (on 28 
August) since it seemed possible that the sutures at the site of 
the fistula had torn out. Dissection of the hepatic artery showed 
that the right branch had split into three branches—two larger 
and a smaller one. The caudally situated larger branch communi- 
cated with the hepatic duct at the site of the fistula. At this 
point the artery, which measured 2 mm, showed an aneurysm 
4mm in diameter. There were no signs of inflammation. This 
abnormal communicating artery was ligated proximally and 
distally to the aneurysm. The two other branches of the right 
hepatic artery were left intact. Next the T-tube was removed 
and the biliary passages cleared with a Fogarty catheter. The 
opening in the hepatic duct at the site of the aneurysm was 
closed again, as was the bile duct after a new T-tube had been 
placed. 

The bilirubin values, which had reached a maximum of 
179-55 nmol/l during the preceding period, dropped to 
46:17 umol on 31 August and gradually returned to normal 
thereafter. 

The postoperative course was complicated by wound 
infection and atelectasis of the right lung. Three weeks after 
the second operation the bile drain was accidentally removed, 
which precluded a postoperative cholangiogram. However, 
the patient recovered uneventfully and was discharged on 
2 October 1971. At follow-up examination in February 1976 the 
patient had no complaints and was in very good condition. 
The laboratory tests showed completely normal values. 


Discussion 

Haemobilia can develop as a result of a multitude of 
organic and traumatic causes. Organic causes include 
disorders of the hepatic artery, the portal vein, the 
liver, the gall bladder and the pancreas. The traumatic 
causes comprise accidental and surgical injury. The 
latter include laceration in the liver, hepatic artery 
damage during cholecystectomy, unintentional occlu- 
sion of the artery during closure of the common bile 
duct, damage to the bile duct or artery due to pressure 





by drains, liver biopsy and percutaneous cholangio- 
graphy. 

The symptomatology of haemobilia is not constant. 
Sandblom (1972) reported that 68 per cent of the 
patients with haemobilia complained of colic in the 
right upper abdomen, 72 per cent had profuse 
haematemesis, 89 per cent melaena and 60 per cent 
jaundice. In 50 per cent of cases the cause arises in 
the liver and in 25 per cent in the gall bladder or extra- 
hepatic bile ducts. Localization in the pancreas is rare. 

When haemobilia is suspected several diagnostic 
methods are available, their value depending to some 
extent on the amount of bleeding. Radiography of the 
duodenum may reveal an indentation in the duodenal 
wall caused by a swollen choledochus (Wilkinson et al., 
1968). Selective arteriography of the hepatic artery 
may demonstrate contrast in a cavity (Fig. 1), and a 
liver scan may show an intrahepatic defect (Fig. 2). 
Even when the diagnosis is certain before surgery, it is 
often difficult to identify the lesion at operation. The 
diagnosis can be established by aspiration of blood 
from the gall bladder or bile ducts. In trauma of the 
liver the cause is mostly clear, but in other cases 
careful inspection and palpation of the whole area is 
necessary. The hepatic artery may need visualization 
into the hilum of the liver. Intermittent clamping of 
both branches of the hepatic artery may help to locate 
the site of the bleeding to the left or right lobe of the 
liver. Opening of the common bile duct over its full 
length can also help, as in our first patient. During 
operation supplementary investigations can be used, 
such as cholangiography, cholangioscopy, arterio- 
graphy of the hepatic artery, portography and 
fistulography. 

The prognosis of untreated patients is poor, with a 
mortality of 43 per cent in the published cases (Sand- 
blom, 1972). The treatment of choice is surgery, even 
though spontaneous recovery can occur. The type of 
surgery depends on the nature of the lesion, and there 
are three main possibilities: local control of the bleed- 
ing, ligation of the abnormal artery and resection of an 
aneurysmatic process. Traumatic haemobilia can be 
treated by local measures, such as ligation of an 
abnormal vessel, resection of the affected part of the 
liver and bile drainage. Drainage of the bile passage 
prevents distension, which can delay the healing pro- 
cess. Aneurysms of the hepatic artery are rare (Guida 
and Moore, 1966). Although the treatment of choice is 
resection of the aneurysm and reconstruction of the 
blood vessel, circumstances sometimes make it 
impossible to avoid ligation of the artery (Tanturi 
et al., 1950). Ligation of the common hepatic artery 
is a relatively safe procedure owing to effective 
collateral circulation to the liver from the gastro- 
duodenal artery and anatomical variations of hepatic 
arteries which are found in 40 per cent of the cases. 
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Bile composition in bilharzial hepatic fibrosis 
S. H. EL MASRI, M. R. LEWIN AND K. GUMAA#* 


SUMMARY 

At operation for haematemesis in biltharzial hepatic 
fibrosis, the gallbladder was always found to be diseased 
but devoid of stones, This led to a study of gallbladder 
bile composition in a group of bilharzial patients and 
comparison with a group of cholelithiasis patients. When 
values for biliary lipid composition were plotted on 
triangular coordinates, both groups fell well outside 
the line of maximum cholesterol solubility. The bil- 
harzia group had significantly more cholesterol and 
less phospholipid than the gallstone group. The absence 
of stones in patients with bilharzial hepatic fibrosis 
was possibly due to their early demise and the sugges- 
tion is that, in this condition, it is the disease of the 
gallbladder itself which renders the bile lithogenic. 


SCHISTOSOMIASIS mansoni is endemic in some parts 
of the Sudan, especially in the irrigated area where 
some 60 per cent of the population are infected. Bil- 
harzial lesions have been described in most organs 
of the body (Warren 1973), the most serious compli- 
cation being liver involvement, which was described 
as early as 1903 by Symmers. The healing bilharzial 
granulomas in the liver result in a presinusoidal 
obstruction and consequently portal hypertension 
with extensive cardio-oesophageal varices. These may 
rupture and cause fatal haematemesis. 

One aspect of hepatic bilharzia which has received 
little attention is the state of the gallbladder. During 
the operative management of patients with haema- 
temesis we have noticed that the gallbladder always 
shows extensive disease. This study describes the 
composition of the gallbladder bile in such patients 
and its comparison with gallbladder bile harbouring 
gallstones. 


Patients and methods 

Two groups of patients were studied. The first group consisted 
of 19 patients with bilharzial periportal fibrosis who under- 
went surgery to prevent recurrence of haematemesis secondary 
to rupture of gastro-oesophageal varices. Oral cholecysto- 
grams and liver function tests were performed on all the 
patients. During splenectomy a careful examination of the 
biliary system was made. Before handling the gallbladder it was 
aspirated completely to avoid stratification errors (Tera, 1960) 
by a needle and a purse string suture. The bile thus obtained 
was stored immediately in a sterile container at —18°C until 
the time of analysis. The informed consent of the patients was 
obtained preoperatively. No postoperative complications 
resulted from this procedure. 

The second group consisted of 17 patients with cholelithiasis 
who underwent cholecystectomy. At operation gallbladder bile 
was collected and treated as described above. Analysis of the 
stones from these patients showed that they were composed 
predominantly of cholesterol (75-9 + 12-0 mg/100 mg of stone) 
(E} Masri and Gumaa, 1977). 

Before chemical analysis, all samples were thawed slowly to 
room temperature and vigorously shaken. Bile salts were 
estimated by the steroid dehydrogenase method of Talalay 
(1960) as modified by Admirand and Small (1968). Cholesterol 
concentrations were measured by the method of Abell et al. 
(1952). Phospholipids were estimated as inorganic phosphorus 
(Fiske and Subbarow, 1925) after extraction of the bile with 


chloroform and methanol and digestion of the lipids with 
sulphuric acid (Henry, 1964). 

The results were expressed as percentages of the total molar 
concentration of cholesterol, phospholipid and bile salts. 
These were plotted on a three-component diagram showing 
the micellar zone of cholesterol solubility, as described by 
Admirand and Small (1968). 

The data were analysed by testing the significance of the two 
group means using Student's ¢ test for small samples (Fisher, 
1958). 


Results 

The oral cholecystograms in the bilharzial group of 
patients showed functioning gallbladders. The two 
radiologists who examined the radiograms and who 
were not aware of the clinical condition confirmed 
that the gallbladders in these patients, although show- 
ing good function, were smaller than normal and 
contracted. However, neither stones nor any other 
pathological conditions were demonstrable in the 
biliary system. At operation the gallbladders of the 
bilharzial group were found to be small and the walls 
very much thickened. Adhesions and bands to the 
neighbouring tissues and structures were present to 
a variable degree. The common bile duct was mostly 
indistinguishable because of dense fibrosis and occa- 
sional distended tortuous veins. However, careful 
palpation did not reveal any stones in the biliary 
tract. 


Table I: MEAN PERCENTAGE MOLAR LIPID 
COMPOSITION IN PATIENTS WITH BILHARZIAL 
HEPATIC FIBROSIS AND CHOLELITHIASIS 


Molar lipid composition (°4 


Phospho- 
Patients No. Cholesterol lipids Bile salts 
Bilharzial hepatic 19 21-8 23-6 54-9 
fibrosis “ +22 +07 +20 
Cholelithiasis 17 12:5 29-7 57-8 
+-2-0 +09 -19 
Biharzial hepatic P<001 P<0-001 n.s. 


fibrosis v. 
cholelithiasis 





Values are mean + s.e. mean. 


The mean molar percentages for the three main 
biliary lipids of gallbladder bile from patients with 
cholelithiasis and bilharzial hepatic fibrosis are de- 
tailed in Table I. The mean values with one standard 
error are plotted in Fig. 1, which shows that for both 
groups of patients the mean composition fell well 
outside the line of maximum cholesterol! solubility. 
However, when the individual values were plotted 
(Fig. 2), there was considerable variation. In the 
group of patients with cholelithiasis, the composition 
of 52-9 per cent of gallbladder biles fell outside of 
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Fig. 1. Mean-i-s.e. mean values for biliary lipid composition 
in galibladder bile from patients with bilharzial hepatic 
fibrosis and cholelithiasis. 
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Fig. 2. Individual results for biliary lipid composition in 
gallbladder bile from patients with bilharzial hepatic fibrosis 
and cholelithiasis. 


the micellar zone, while in the group of patients with 
bilharzial hepatic fibrosis, 94-7 per cent of gallbladder 
biles fell outside of this area. 

There was no difference between the mean molar 
percentages of bile salts in the two groups, but there 
was significantly more cholesterol (P < 0-01) and signi- 
ficantly less phospholipid (P < 0-001) in the gallbladder 
bile of patients with bilharzial hepatic fibrosis than 
in that from patients with cholelithiasis (Table 1). 


Discussion 

The biliary system in hepatosplenic schistosomiasis 
has not been sufficiently studied. Hassab (1962) sug- 
gested that the dyspepsia so common in these patients 
could be due, at least in part, to biliary disease. He 
reported radiological and operative evidence of biliary 
disease in association with hepatic schistosomiasis 
and suggested cholecystectomy for those patients 
showing severe gallbladder pathology. Gelfand (1950) 


isolated bilharzia eggs from the gallbladder wall in 
15 of a series of 50 autopsies. Schistosomal chole- 
cystitis has also been reported by other workers 
(Papparport et al., 1975; Parra et al., 1976). | 

Our study of gallbladder bile from patients with 
bilharzial hepatic fibrosis shows that all the bile sam- 
ples are potentially lithogenic with respect to chole- 
sterol, but neither radiology nor operative inspection 
could reveal any stones in the biliary tract. This could 
be due to the fact that these patients do not live long 
enough actually to develop gallstones. Most of the 
patients were in their late twenties at the time of 
operation and they died of either haemorrhage or 
liver failure. Many features of hypersplenism charac- 
terized by anaemia, leucopenia and thrombocyto- 
penia were manifest in these patients. Woodruff et al. 
(1966) reported a reduction of the erythrocyte life 
span to half of normal in Egyptian patients with bil- 
harziasis. In Laennec’s cirrhosis there is an increased 
tendency to cholelithiasis with a predominance to bili- 
rubin gallstones (Wartz and Payne, 1961; Bouchier, 
1969; Nicholas et al., 1972). There are fundamental 
differences between bilharzial hepatic fibrosis and 
hepatic cirrhosis, although the two conditions may 
coexist. In the former there is periportal fibrosis and 
hepatocellular function is preserved until late in the 
disease. In contrast, hepatic dysfunction is an early 
manifestation of cirrhosis. 

The source of lithogenic bile in patients with gall- 
stones is controversial. It has been suggested that the 
primary biochemical abnormality occurs during 
hepatic production of bile (Small and Rapo, 1970; 
Viahcevic et al., 1970), although Mackay et al. (1972) 
and Antsaklis et al. (1975) were not able to confirm 
this. In our study it was not technically possible to 
obtain common duct bile. However, if hepatic produc- 
tion of lithogenic bile is accepted, it will not explain 
our finding that the gallbladders of patients with bil- 
harzial hepatic fibrosis contained bile lithogenic in 
respect of cholesterol. None of our patients had any 
evidence of excessive red cell destruction and liver 
functions were within normal limits, yet other workers 
have reported shortening of the erythrocyte life span. 
Under such circumstances one would expect an in- 
creased tendency among these patients to develop 
bilirubin gallstones and not cholesterol gallstones as 
indicated in our study. 

It is surprising that schistosomal cholecystitis is 
reported so rarely, especially as the cystic vein is a 
tributary of the right branch of the portal vein. 
Although we have not removed any gallbladder for 
histological study, macroscopic examination at opera- 
tion revealed a diseased gallbladder in every case. 
The lithogenic bile contained within the gallbladders 
would suggest that cholecystitis associated with bil- 
harzia is not as rare as has been previously reported. 
We believe that it is the disease of the gallbladder 
itself which renders the bile lithogenic. 
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Cryoprecipitated plasma perfusion preservation 
and cold storage preservation of duct-ligated 


pancreatic allografts 


J. DE GRUYL, D. L. WESTBROEK, I. MACDICKEN, E. RIDDERHOF, 


L. VERSCHOOR AND R. VAN STRIK* . 


SUMMARY 

It has been shown previously that, at least in dogs, a 
vascularized pancreatic allograft with ligation of the 
pancreatic duct can maintain normal beta-cell function 
for at least 5 years. In this study common organ 
preservation techniques, as used in human cadaveric 
kidney transplantation, were applied to canine pan- 
creatic allografts to determine the influence of 24-hour 
preservation on beta-cell function, graft survival and 
histological appearances. 

Three groups of dogs were compared: group A con- 
sisted of 9 dogs with fresh grafts; group B consisted of 
5 dogs who received grafts preserved for 24 hours by 
pulsatile hypothermic cryoprecipitated plasma per- 
fusion; and group C was composed of 5 animals who 
received grafts that had been flushed with Collins’ 
solution followed by hypethermic storage for 24 
hours. 

It appeared that both preservation methods were 
equally effective and that preservation did not alter 
either the graft s function or its histological appearance. 
No significant differences after transplantation were 
observed in the endocrine function tests of the three 
groups when compared with the preoperative values; 
neither was there a significant difference in the mean 
graft survival time between the groups. 


TRANSPLANTATION of suspensions of isolated islet 
cells or transplantation of either part or all of the 
pancreas with vascular anastomosis are the two basic 
techniques under investigation at the moment for 
pancreatic allotransplantation. Although authors who 
favour vascularized pancreatic grafts have pointed 
out the injurious effect of duct ligation on the 
endocrine pancreatic function (Idezuki et al., 1969; 
Ambromovage et al., 1973), other investigators have 
showed that allo- and autotransplantation of canine 
duct-ligated pancreases retain good endocrine 
function. Allotransplants have been followed up until 
rejection (Bergan et al., 1965; Brynger et al., 1974), 
sometimes even for a period of up to 2 years in 
tissue-typed matched dogs (Verschoor et al., 1975), and 
autotransplants have been followed up for 5 years 
after transplantation (de Gruyl, 1975). 

It has also been shown that the normal perfusion 
and preservation methods used in human cadaveric 
kidney transplantation can be applied to canine 
oa pancreatic grafts (Westbroek et al., 
1974). 

The aim of this study is to compare the influence of 
24-hour hypothermic pulsatile cryoprecipitated plasma 
perfusion preservation as described by Belzer at al. 
(1968) and 24-hour cold storage after flushing with a 
solution developed by Collins et al. (1969) on 
pancreas allograft survival, beta-cell function after 
transplantation and histological appearance of the 
grafts. 


Table I: PERFUSATE USED FOR HYPOTHERMIC 
ISOLATED PANCREAS PRESERVATION ON THE 
BELZER MACHINE 


Cryoprecipitated dog plasma 0-865 | 
Distilled water O1is 1 
Insulin (Organon) 104 u/! 
Penicillin 575-000 iu/l 
Decadron 0-007 g/i 
KCI O15 g/l 
MegSO,.7H.O 0-870 g/l 
Mannitol 3°34 g/l 
Table H; COLLINS’ SOLUTION 

KH.PO, 2-05 g/l 
K.HPO,. OHO 738 g/l 
KCl 1.12 g/l 
Distilled water 0-920 | 
Heparin $000 iu/! 
Glucose 25 g/l 
Procaine HCI 0.1 g/l 
MgSQ,. 7H.O 3-6 g/l 


Materials and methods 

Thirty-eight non-related beagles mismatched for the s.d. 
determinants of the DL-A system were used. Nineteen recipients 
were pancreatectomized as described by Markovitz et al. (1964) 
at least 3 weeks before transplantation. After pancreatectomy 
the beta-cell function in these dogs was checked by the K-value 
of the glucose tolerance test (GTT) and the insulin peak value 
(PV). Dogs were considered for a transplant on the basis of a 
K-value of 0 and no insulin demonstrable in the serum after 
glucose loading. The pancreatectomized dogs received quick- 
acting insulin (Organon) based on daily blood sugar levels. 
The exocrine function was substituted with combizym 
compositum (Luitpold). On the day before the endocrine 
function tests were performed no insulin was given. The other 
19 dogs served as organ donors. The entire duct-ligated 
pancreas was heterotopically transplanted as described 
previously (de Gruyl et al., 1973a). No immunosuppressive 
therapy was given to any of the recipient dogs. Three groups 
were compared: 

Group A: 9 dogs with fresh pancreatic allografts trans- 
planted immediately. 

Group B: 5 dogs with pancreatic allografts preserved for 24 
hours by perfusion with cryoprecipitated plasma. 

Group C: 5 dogs with pancreatic allografts preserved by 
flushing with Collins’ solution and storage under hypothermic 
conditions for 24 hours. 

Hypothermic perfusion was performed on a laboratory 
model of the Belzer machine. Perfusion was started with a 
systolic perfusion pressure of 60 mmHg, which was corrected 
when a marked increase or decrease of the pressure occurred. 
A combination of air, O, and CO, was used for oxygenation and 
acid-base correction. The temperature was kept between 
6 and 10 °C. The pH was between 7:30 and 7:60. The compo- 
sition of the perfusate is given in Table I. 

The grafts preserved by cold storage were flushed with 
200-300 mi of Collins’ solution (Table ID at 4 °C for 5-10 min 
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until the effluent was clear and then stored on ice in a plastic 
bag filled with the same solution. 

Serum glucose levels were determined by the glucose oxidase 
method and serum insulin levels were measured by the radio- 
immunoassay method of Yalov and Berson (1960). An intra- 
venous GTT was performed using a load of 1g glucose/kg 
body weight intravenously and serum glucose and insulin levels 
were determined immediately before and 5, 10, 20 and 30 min 
after administration of the glucose. A large load of glucose 
was given in order to achieve the maximal insulin response 
after 10 min (Cerasi et al., 1972). 

The venous blood glucose levels were plotted semilogarith- 
micaily against time to calculate the K-value, giving the serum 
glucose disappearance rate as a percentage per minute 
{Lundbaek, 1962), 

The insulin levels were plotted against time to give the insulin 
response curve. The highest value at 5 or 10 min was called the 
insulin peak value (IPV), because in normal dogs this value 
reaches its peak at that time. The X-value and the IPV served 
as parameters to judge the beta-cell function of the pancreas. 
These determinations were made in donors as well as in the 
recipients before pancreatectomy and in the recipients before 
transplantation to be sure that there was no residual beta-cell 
function. These determinations were repeated in the recipients 
2 or 3 days after transplantation to measure the beta-cell 
function of the pancreatic allograft. Insulin levels were also 
measured 5, 30 and 120 min after revascularization of the 
transplant. In addition, daily blood samples were taken each 
morning for the determination of the serum glucose and 
insulin levels. On the day that the blood sugar level became 
more than 8 mmol/l an intravenous GTT was performed and 
the IPV determined. 

When the A-value approached nil and the IPV was less than 
20 wu/ml the dog was killed and the pancreas was examined 
histologically with haematoxylin—azoploxine saffron and 
with aldehyde~fuchsin staining according to Gomori (1950). 

The two-sample Wilcoxon test was applied in the assessment 
of the statistical significance of the differences between the 
groups. Friedmans’ test was used to determine trends in time 
and Wilcoxon’s signed rank test was applied when appropriate. 


Results 

All allografts showed immediate function with a high 
insulin output identical to fresh grafts, as described 
previously (de Gruyl, 1975). For both groups receiving 
preserved grafts (groups B and C) the serum insulin 
levels measured at 5, 30 and 120 min after revasculari- 
zation are given in Table IHI. The insulin output is high 
and there is no difference in the secretion pattern of 
the groups. 

The IPV after glucose stimulation and the K-value 
of the intravenous GTT in the recipients before pan- 
createctomy and 2 or 3 days after transplantation are 
given together with graft survival time in Table IV for 
group A (the group receiving fresh grafts) and in 
Table V for groups B and C. 

One dog, BD 2378 in group B, had poor beta-cell 
function tests, although normal blood sugars could 
be obtained at any time of the day. 

The other dogs in all groups had an adequate beta- 
cell function after transplantation. In group A, in 
general, a slightly decreased K-value and an increased 
insulin peak level were found after transplantation, as 
can be seen in Table V. This was not found in groups 
B and C. There was no significant difference between 
the beta-cell function tests of the three experimental 
groups after stimulation with glucose as compared 
with the preoperative values. Because glucose 
tolerance and insulin responses can change rapidly in 
the immediate postoperative period, the question 
arose as to whether the results of the glucose tolerance 
tests carried out at 2 and 3 days postoperatively were 
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Table HH: SERUM INSULIN LEVELS (uu/ml) 5, 30 
AND 120 MIN AFTER REVASCULARIZATION 

Group Č 
Cold storage 


Group B 
Continuous perfusion 





Dog No. 5 30 420 


BD 666 50 29 240 
BD 2288 38 62 90 


Dog No. 5 30 120 


BD 2358 44 48 34 
BD 2404 108 103 240 


BD 663 240 50 74 BD 296 13 140 17 
BD 2378 240 240 240 BD 2286 9I 58 82 
B 9228 82 40 160 BD 287 27 i5 82 


Friedmans’ test of significance of trends in time of the serum 
insulin levels within groups B and C respectively: group B, 
trend not significant (P> 0-05); group C, trend not significant 
(P> 0-05). 

Wilcoxon's two-sample test of significance of differences in 
serum insulin levels between groups B and C at the three 
times: 5 min, difference not significant (P >-0-05); 30 min, 
difference not significant (P > 0-05); 120 min, difference not 
significant (P > 0-05). 


Table IV: K-VALUES AND IPVs BEFORE 
PANCREATECTOMY AND AFTER 
TRANSPLANTATION IN GROUP A (FRESH 
PANCREATIC GRAFTS) 


Before After 
pancreatectomy transplantation Graft 
‘-value IPV K-value IPV function 
Dog No. (%/min) (uu/m) (4/min) Cau/ml) {dj 
BD 1195 3:2 36 3-8 163 fi 
BD 1271 22 34 22 138 g 
B 0335 3-3 96 2-4 240 10 
BD 1183 3-3 66 2-4 240 15 
BD 578 4-6 125 33 133 8 
BD 0314 2-3 104 2-0 210 11 
BD 1222 2-0 42 3-5 57 8 
B 7i 5:8 120 3-0 170 8 
B 184 6&9 200 4-] — 8 
Mean 9-6 





Wilcoxon’s signed rank test of significance of differences in 
K-values and insulin peak values respectively before 
pancreatectomy and after transplantation: K-value, difference 
not significant (P > 0-05); IPV, difference significant 
(P<0-01). 


comparable. In Tahle IV only the responses of dog 
B 171 were obtained after 2 days. Its K-value is equal 
to the median of 9 values and its IPV is next to the 
median of 8 values. 

In Table V the responses of dogs BD 663 and B 9228 
in group B and of dog BD 296 in group C were 
obtained 2 days after surgery. Their K-values are 
equal or near to the median of 5 values and their IPVs 
are equal to the median of 5 values, except for dog 
BD 663. with the highest of 5 values, although not 
exceptionally high. Therefore, in this series of experi- 
ments the inter-animal variation of glucose tolerance 
responses was so slight that the differences in the 
postoperative days of testing did not show up; and 
so the results can be compared. | 

The mean survival time of the grafts preserved with 
cryoprecipitated plasma (group) B was 10-6 days and 
seems somewhat longer than the mean survival time of 
group A, 9-6 days, and group C, 7:2 days. These 
differences are, however, not statistically significant 
(P = 0:10 between groups B and ©). 


Histological changes 
Interlobular oedema with polymorphonuclear cell 
infiltration and in some cases slight focal digestion 
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Table V: K-VALUES AND IPVs BEFORE 
PANCREATECTOMY AND AFTER 
TRANSPLANTATION IN GROUP B (CONTINUOUS 
PERFUSION) AND GROUP C (COLD STORAGE) 


Before After 
pancreatectomy transplantation Graft 
K-value IPY K-value IPV function 
Dog No. (%/min) (uu/ml) (,/min) (pu/mi) (d) 
Group B 
BD 2358 5-3 198 1-3 89 15 
BD 2404 1-9 110 2°8 108 7 
BD 663 1:3 40 28 166 5 
BD 2378 3-0 54 0-5 12 7 
BD 9228 4-] 42 28 91 19 
Mean 10-6 
Group C 
BD 666 4l 54 3-8 220 5 
BD 2288 2i 67 23 55 5 
BD 296 1-5 42 2-8 120 § 
BD 2286 2°8 49 4-6 67 10 
BD 287 3-5 95 35 240 8 
Mean 72 


Wilcoxon’s signed rank test of significance of differences in 
K-values and IPVs respectively before pancreatectomy and 
after transplantation: group B, K-value, difference not 
significant (P > 0-05); IPV, difference not significant (P > 0-05); 
group C, X-value, difference not significant (P>0-05); IPY, 
difference not significant (P > 0-05). 


with parenchymatous necrosis, which indicates mild 
signs of pancreatitis, was the predominant histological 
finding. In the grafts surviving for longer than 9 days, 
replacement of the acinar tissue by fibrous tissue was 
seen. In one dog (BD 2358) the acinar tissue had 
completely disappeared and was replaced by fibrosis. 
In the fibrous tissue islets were recognizable, as has 
been described previously (de Gruyl, 1973a) in long- 
surviving duct-ligated pancreatic grafts. The only 
difference observed between the experimental groups 
was slightly more interlobular oedema in the preserved 
grafts than in the non-preserved grafts. Rejection was 
marked by mononuclear cellular infiltration in the 
acinar and perivascular tissue. There was also thicken- 
ing of the intima of the arteries, fibrinoid necrosis of 
the media and in some cases thrombosis of the small 
vessels was seen. In the longer-surviving pancreatic 
grafts cellular infiltration was more prominent than 
the vascular lesions. No differences in rejection pattern 
were seen in comparing the three groups. 


Discussion 

It has been shown in former studies (de Gruyl et al., 
1972; Brynger, 1975; de Gruyl, 1975), that in the dog 
it is feasible to perform whole organ allotransplanta- 
tion of the duct-ligated pancreas and maintain a long- 
lasting normal beta-cell function. The possibility of 
24-hour preservation of the pancreatic graft has also 
been demonstrated (de Gruy!, 1973b; Westbroek, 
1974) It is, however, not completely clear whether 
preservation caused any damage to the tissue of the 
graft, with deterioration of the beta-cell function, 
when compared with the fresh grafts. 

In this study it has been shown that there is no 
difference in beta-cell function after pancreatic trans- 
plantation between the groups. Microscopical exam- 
ination showed that there was slightly more inter- 
lobular oedema in the groups receiving preserved 
grafts than in the group receiving fresh grafts, but this 


seemed not to influence the ultimate beta-cell function. 
Although all dogs were non-related, mismatched for 
the s.d. determinants of the DL-A system, there was a 
difference in the mean graft survival of the groups; 
again the continuous perfusion group (B) had the 
longest survival time. The same results were obtained 
in the studies already mentioned, but in the present 
work the differences were not statistically significant, 
perhaps because a smaller number of dogs were used 
in this study. 

Another aspect of the study was to decide which 
method of graft preservation is superior. Two methods 
were examined: the continuous 24-hour hypothermic 
pulsatile perfusion with cryoprecipitated plasma, as 
an example of machine preservation, and cold storage 
for 24 hours using the method described by Collins 
et al. (1969). There was no difference between the two 
methods in the quality of beta-cell function, histo- 
logical appearance and in the mean survival time of 
the graft. In addition, the results in both groups were 


comparable with the results obtained using the fresh 


grafts. 

The present study demonstrates that the common 
preservation methods used in human cadaveric kidney 
transplantation are also feasible for pancreas allo- 
grafts in the dog and that the functional and histo- 
logical results do not seem to differ. 

The experimental work reported so far on trans- 
plantation of suspensions of isolated islet cells still 
leaves many unsolved problems (Goetz, 1974; Scharp 
et al., 1975), but transplantation of the duct-ligated 
preserved pancreas might be an acceptable alter- 
native treatment for severe juvenile diabetes in man. 
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Umbilical pilonidal sinus 
NICHOLAS D. COLAPINTO* 


SUMMARY 

A rare case of umbilical pilonidal sinus is reported— 
the only documented case of barber’s pilonidal of the 
umbilicus. Possible mechanisms of formation are 
described. It is suggested that this possibility should be 
considered in cases of resistant or recurrent omphalitis. 
Definitive treatment consists of sinus excision with 
cosmetic umbilical reconstruction. Total omphalectomy 
is probably only justified for recurrence. 


PILONIDAL sinus of the umbilicus is probably more 
common than is indicated by the small number of 
published reports. The purpose of this report is to 
present the successful treatment of an unusual case 
and to draw attention to a condition which frequently 
may be misdiagnosed. 


Case report 
A 29-year-old white male barber presented with a one-day 
history of pain in the umbilical region. There had been no 
previous similar episodes and no history of trauma. The 
patient denied abnormal manipulation of his umbilicus. His 
abdomen was not abnormally hirsute. Examination revealed 
a tender swelling just below the umbilicus, approximately 
3cm in diameter, with a surrounding area of erythema and 
increased warmth which involved the entire circumference of 
the umbilicus. The mass itself was not fluctuant. His temperature 
was normal and his white blood cell count was 10 900. 
Incision and drainage were performed in the operating room, 
with the release of thick, yellow, purulent material, necrotic 
tissue and hundreds of short, clipped hairs. The hairs varied in 
size but all were apparently less than 1 cm long. The colours 
were recognizable within the spectrum of normal human hair, 
but ranged widely through shades of blonde, red and black. The 
wall of the abscess cavity appeared smooth and fibrous and the 
entire lesion resembled a pilonidal sinus. The cavity was 
cleaned and packed open and recovery was quick and complete. 
Six weeks later the area of incision had completely healed, 
but there was evidence of thin, creamy fluid in the base of his 
umbilicus. Close inspection revealed an abnormal orifice in the 
depths of the inferior umbilical wall. Through this opening a 
probe could be passed into a sinus tract which extended 7 cm 
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Fig. 1. Cyst content. Note the numerous short thick hairs 
with sharp chisel-like ends (arrow). (HE. x 20.) 
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Fig. 2. Cyst content at high magnification. Note especially 
the hair end in the centre, clearly showing a chisel-like 
appearance. (HE. x20.) 
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Fig. 3. Section of cyst wall showing a hair in cross-section 
sheathed by squamous epithelium (arrow). (HE. x 20.) 


subcutaneously. He was readmitted for definitive treatment. 
The sinus tract and orifice were excised en bloc without 
breaching their walls. The resultant defect was closed primarily 
and the umbilicus cosmetically reconstructed. The patient is 
now well and has had no recurrence 4 years subsequently. 

Pathological examination revealed that the lesion was indeed 
a pilonidal sinus. It was lined by fibrous tissue, chronic 
inflammatory cells and an occasional foreign body giant cell. 
There were islands of keratin present, but true epithelization 
had not occurred and no hair follicles were present in the lining 
of the cyst. The lumen contained necrotic debris and tiny hairs 
with sharp square-cut ends (Figs. 1, 2). Many of these hairs 
were sheathed in squamous epithelium (Fig. 3). 
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Discussion 

Pilonidal sinus of the umbilicus was first described by 
Jackson in 1854. A total of only 15 cases has been 
reported (Patey and Williams, 1956; Sadeghi-Nejad 
and Rains, 1958; Hardaway, 1959; Mayo et al., 1960; 
Goodall, 1961; Clery and Clery, 1963; Stoller, 1966; 
Thorlakson, 1966; Urquhart-Hay, 1966; Allegaert, 
1967; Hassan, 1969; Eby and Jetton, 1972). The case 
presented here is the first reported in a barber, although 
the entity of barber’s pilonidal sinus occurring in the 
web space of the fingers is well known (Patey and 
Scarfe, 1948; Downing, 1952; Patey, 1969, 1970, 1971), 
and historically, Hodges (1880) stated that ‘hair 
cutters are continually in trouble from short hairs 
which penetrate the skin of their fingers and hands’. 

The majority of umbilical pilonidal sinuses have 
occurred in hirsute white males, a correlation long 
noted in sacrococcygeal pilonidals. In fact, three of 
the reported cases of umbilical pilonidal sinus have 
had associated lesions in the sacral area. The patient 
usually presents with acute inflammation in the peri- 
umbilical region. The infected pilonidal sinus may not 
fluctuate, as was the case in our patient. As cellulitis 
may be a prominent feature, a diagnosis of omphalitis 
may be made and the true nature of the disease 
remain obscure. On pathological examination, the 
lesion resembles pilonidal sinus in other areas. The 
lining is composed of granulation tissue and does not 
contain hair follicles. As in the sacral region, there is 
no evidence of a pre-existing epithelial-lined cyst. 

Weale (1964) enumerates the characteristics which 
differentiate a barber’s pilonidal sinus from the 
typical postanal pilonidal. The most important of 
these (hair ends square-cut and sharp, hairs less than 
1 cm in length and sheathed by squamous epithelium, 
patches of epithelial necrosis) are present in the case 
reported here and should be sufficient to qualify it as 
a true case of barber’s pilonidal, the first ever reported 
at the umbilicus. 

It is necessary to speculate as to how the hairs 
reached the barber’s umbilicus. Our patient informed 
us that it is common for barbers to find fine hairs on 
their bodies at the end of a working day. On direct 
questioning, he admitted that although he bathed 
daily, he specifically avoided thorough cleansing of 
his umbilicus due to superstitious fear induced i 
childhood. This would explain how a collection o" 
hair might occur in this area. That they were not the 
barber’s own abdominal hairs is indicated by the 
microscopic evidence reported above plus the fact 
that the patient’s hair in this region was observed to 
be much longer and finer than that found in the sinus 
cavity. Also, the patient’s body hair was jet black in 
contrast to the colour of most of the hairs noted in 
the sinus. 

Conservative measures, consisting of washing out 
the umbilicus, extracting protruding hairs, shaving the 
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skin and frequent cleansing, have been recommended 
as primary treatment (Eby and Jetton, 1972), but this 
seems to be insufficient in either the acute or the chronic 
case. Omphalectomy was performed in 10 of the 15 
reported cases, but this seems to be unnecessarily 
radical, as indicated by the success obtained in our 
patient without umbilical excision. Omphalectomy is 
probably only justified for cases of recurrence, as it is 
not usually acceptable to the patient when alternative 
good treatments exists. 

We recommend total excision of the sinus followed 
by reconstruction of the umbilicus, in cases which are 
not acutely infected. In patients who present with 
acute abscess formation, a simple incision and drain- 
age should be performed primarily, followed by 
definitive excision in 6-8 weeks’ time. 
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Stricture-plasty for tubercular strictures of the 


gastro-intestinal tract 


R. N. KATARIYA, S. SOOD, P. G. RAO ANDP. L. N. G. RAO* 


SUMMARY 

Twenty stricture-plasties have been performed for 
multiple tubercular strictures of the gastro-intestinal 
tract in 9 patients, who in total had 35 strictures. The 
procedure has been found to be safe, simple and effective 
in relieving obstructive symptoms. It does not appear 
to carry the disadvantages of entero-anastomosis or 
multiple and/or massive resections in cases of multiple 
tubercular strictures of the small bowel, 


TUBERCULAR strictures of the small bowel, often 
multiple, which result from cicatricial contraction of 
encircling ulcers, can cause subacute or acute intestinal 
obstruction (Anand and Pathak, 1961; Obri and 
Aggarwal, 1964; Bhansali and Desai, 1965; Novis et 
al., 1973; Kolawala and Lewis, 1975). 


and with the stricture at its mid-point. Closure is by a two-layer 
transverse repair (inner: continuous catgut; outer: interrupted 
silk) (Figs. 1, 2). 

These lesions were encountered at various sites between the 
gastroduodenal and ileocaecal junctions. Twenty of the 35 
strictures were treated by a stricture-plasty, including the ones 
at the gastroduodenal and ileocaecal junctions. The maximum 
number of stricture-plasties done in any patient was 4 (Cases 
7 and 8). All operations were done electively after conservative 
treatment of obstruction. 

Nine early strictures in 3 patients (Cases 1, 2 and 3) were not 
operated on as the lumen was adequate. All 3 patients are 
symptom-free after 3—4 years. 

Resection was employed in certain circumstances, e.g. when 
the strictures were situated very close to each other in a small 
segment of bowel, as in Case 3 who had 12 strictures. Three 
dispersed lesions were treated by stricture-plasty but resection 
was considered preferable for 5 strictures situated within 10 cm 


Table I: DETAILS OF 9 PATIENTS UNDERGOING STRICTURE-PLASTY 


ESR 
Presentation in Ist 
Case and duration hour Stricture 
No. Age Sex ofsymptoms* (mm)f No. site 
1 2} F <AlO4yr 79 2 ‘Terminal ileum 
2 30 M SAIO 9 mth $0 7 All over small 
bowel 
3 23 F SAIO3 yr 19 i2 All over small 
bowel 
4 45 M SAIO 12 yr 55 i Mid-ileum 
5 33 M Pylori 18 1 Pyloroduodenal 
stenosis 2 yr junction 
6 28 M SAITO 1 yr 62 3 = Jejunum, 2 
Yeum, Í 
7 23 M AIO3d 32 4 Heum, 3 
Heocaecal, I 
8 20 F SAIO 6 mth 49 4 fleum 
9 32 F SAIO2 yr 64 1 Heum 


Histology 
No. of Mesenteric 
stricture- Stricture lymph 
plasties site node Follow-up 
l TR enteritis TB Asymptomatic, 4 yr 
2 TB enteritis TB with Asymptomatic, 3 yr 
caseation 
3 TB granu- TB with Asymptomatic, 24 yr 
loma caseation 
f Non-specific Not done Asymptomatic, 2 yr 
granulo- 
matous 
enteritis 
1 TB granu- TB with Asymptomatic, | yr 
loma caseation 
3 TB granuloma TB granu- Asymptomatic, 1 yr 
with case- loma with 
ation caseation f 
4 TB enteritis TB with Asymptomatic, 9 mth 
caseation 
4 TB granu- Non-specific Asymptomatic, 7 mth 
loma changes 
i TB enteritis TB with Asymptomatic, 24 mth 
caseation 





* AIO, Acute intestinal obstruction; SATO, subacute intestinal obstruction. 


t By the Westergren method. 


In most cases surgical treatment has been either 
resection {treatment of choice) or entero-anastomosis 
(Anand and Pathak, 1961; Ohri and Aggarwal, 1964; 
Bhansali and Desai, 1965; Byrons and Mann, 1969); 
both procedures seem drastic for a benign disease, 
especially for multiple strictures throughout the whole 
small intestine. We therefore, whenever possible, have 
carried out a simple procedure of stricture-plasty. 


Patients and methods 

Twenty stricture-plasties have been performed in 9 patients 

during the past 4 years; these cases are summarized in Table L. 
The operative procedure for small intestinal, gastroduodenal 

and ileocaecal strictures is as follows. The bowel is opened 

lengthwise by a S—6-cm incision along the antimesenteric border 


of proximal ileum. In another patient (Case 2} some of the 
strictures were resected as the lumen was completely obstructed 
and stricture-plasty was not feasible. 

None of the 9 patients developed a leak, and recovery was 
smooth except in Case 8 who suffered a burst abdomen on the 
sixth day. Patients were discharged, on average, 10 days after 
surgery. All 9 patients have been relieved of their obstructive 
symptoms. 


Conclusions 
Stricture-plasty is a safe treatment for tubercular 
strictures of the small bowel. The technique may be 
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7 Opened up 
i incision 





Incision 





Fig. 1. a, Small bowel opened up along the antimesenteric 
border. The strictured area appears as a ridge; proximal 
dilated segment and distal collapsed segment of small bowel. 
h, Commencing the first layer of inverted through-and-through 
sutures. c, Completion of the first layer of interrupted 
inverted through-and-through sutures. d, Commencing the 
second layer of seromuscular sutures. e, Completion of Fig. 2. lleocaecoplasty: the technique is the same as that for 
the stricture-plasty of 4 strictures. stricture-plasty. 





Interrupted silk suture 
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better than multiple resections and multiple entero- 


- anastomoses for cases with multiple strictures, as it 


does not sacrifice any part of the small bowel and 
there is no ‘blind-loop’ problem. The technique can be 


Soi practised even in cases with active tubercular enteritis 


who have not been on antitubercular treatment. 
Only 4 out of 9 patients had been on such treatment 
prior to surgery and all had active disease, as seen at 
the time of surgery and also proved on histological 
examination of the stricture site and of the mesenteric 
lymph nodes. 

A short segment of bowel bearing multiple stric- 
tures should be resected. If more than four repairs 
would otherwise be required, strictures with an ade- 
quate lumen should be left for a possible second stage 
operation, which may, in the event, not be necessary. 
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Appendicectomy: an assessment of the advisability 


of stump invagination 
A. P. SINHA* 


SUMMARY 

Seven hundred and thirty-two cases of appendicectom y 
performed over a period of 5 years are reviewed to 
compare the incidence of complications and the length 
of the postoperative stay in hospital, depending on 
whether the appendix stump was simply ligated or was 
invaginated by purse string suture following ligation. 
No detrimental effects are noted following simple 
ligation, whereas patients who had stump invagination 
remained in hospital on average more than a day longer, 
mainly owing to a higher incidence of wound infection 
(16 per cent as against 6 per cent). 


Over the years, three main methods of dealing with 
the appendix stump have evolved. Probably the most 
common is to crush and ligate the stump and then 
invaginate it into the caecal wall by means of a purse 
string suture. However, some surgeons prefer to 
omit the step of invagination while others (Ochsner 
and Lilly, 1937) omit the ligature and merely invagi- 
nate the unligated stump. 

Theoretical advantages of invagination of the ligated 
stump are (a) better control of haemorrhage from the 
stump; (b) doubly secure closure of the caecal wall: 
(c) less chance of peritoneal contamination due to 
burial of the infected stump; and (d) reduced risk of 
postoperative adhesions by minimizing the extent of 
any raw surface. 

Nevertheless, those who practise simple ligation 
claim that burial of the stump is not only unnecessary, 
but occasionally leads to the formation of an intra- 
mural abscess. Mayo (1934) warned very strongly of 
this complication and Willis (1908) is quoted as 
having held similar views. Cleland (1953) described 
an intussusception of the caecum following stump 
invagination in which an intramural abscess cavity 
constituted the apex of the intussusception. He also 
quoted two cases of peritonitis resulting from rupture 
of such an abscess. Jones (1974) has seen 3 such 
cases. In addition, a high incidence of adhesions has 
been suggested by Kohler (1926) in patients having 
stump invagination. Finally, Kingsley (1969) found, 
on reviewing over 1000 cases of appendicitis, that in 
general there were fewer complications when invagi- 
nation was omitted. 


Patients and methods 

The hospital records of patients undergoing appendicectomy at 
Stonehouse Hospital over a 5-year period from 1970 to 1974 
inclusive have been examined. Over this period three surgeons 
and their respective assistants had been responsible for 732 
appendicectomies, One surgeon and his staff carried out 
simple ligation only, while the other two routinely invaginated 
the stump, except where peritonitis causing local oedema and 
friability made this inadvisable, i.e. even the latter two surgeons 
and their assistants practised simple ligation in badly inflamed, 
gangrenous and perforated appendicitis. Thus, all cases with 
established local or general peritonitis were treated in a uniform 
manner by all these surgeons, ie. simple ligation. A true 
comparison of the techniques employed in appendicitis of 
similar severity is only possible if such advanced cases are 
excluded. This excludes 89 of the most severely ill patients 


from our series but leaves 643 cases of appendicitis treated by 
one or other method for comparison. 


Results 

Of the 643 patients, 210 (33 per cent) in group 1 had 
ligation and invagination and 433 (67 per cent) in 
group 2 had simple ligation alone. Group 1 patients 
Stayed in hospital for 1-5 days longer than group 2 
patients (8-6 days as opposed to 7:1 days), and 
group I had a 16 per cent as opposed to a 6 per cent 
incidence of wound infection (Table I). Other post- 
operative complications (Table 1) were infrequent in 
both groups. The one instance of stump abscess was 
found in a woman of 40 who, 15 months after 
appendicectomy with invagination, presented with 
pain in the right iliac fossa and abdominal fullness. 
Laparotomy disclosed a tumour-like mass in the 
caecum adherent to the adenexas. A right hemi- 
colectomy was performed and the caecum was found 
to contain an abscess cavity in its wall, full of pus and 
vegetable foreign matter. There was a foreign body 
reaction on histological examination. 


Table 1: POSTOPERATIVE COMPLICATIONS IN THE 
STUMP INVAGINATION AND SIMPLE 
LIGATION GROUPS 


Stump Overall 

invagination Simple ligation average 
Complications No. A No. vA ys 
Wound infection 34 16-1] 25 not a 9-2 
Pelvic abscess 2 0:94 l 0-23 0-5 
Portal pyaemia l 0:47 0 0 02 
Wound disruption 1 0-47 ł 0-23 OF 
Adhesions 3 1-42 } 0-23 0-6 
Stump abscess 1 0-47 0 0 0-2 


Discussion 

In this survey the incidence of complications following 
appendicectomy is low because, as already explained, 
all the most severely infected cases were excluded to 
allow a true comparison. Nevertheless, some poten- 
tially serious complications, such as portal pyaemia, 
stump abscess and postoperative adhesions, were seen 
and there was, overall, a significant wound infection 
rate. The finding of comparable rates for the two 
techniques suggests that failure to invaginate is not 
detrimental and, though a formal comparison cannot 
be made, the different incidence of wound infection is 
interesting. The results confirm those of Kingsley 
(1969). 

The theoretical danger of faecal discharge from 
insecure ligation of the appendicular stump among 
group 2 patients does not appear to have become 
manifest in the present series. One can draw a similar 
inference from a larger series published by Kingsley 
(1969). The only case in the present series which 
might be considered to have developed a stump 





* Stonehouse Hospital, Stonehouse, Lanarkshire, Scotland. 
Correspondence to: Falkirk District and Royal Infirmary. 





A. P. Sinha 


500 





Fig. 1. Microphotograph of an abscess in the caecal wall 
following appendicular stump invagination (x 325). 


abscess in the caecal wall at the site of stump invagi- 
nation occurred, as anticipated, in group 1, which is 
in agreement with previous observations (Mayo, 1934; 
Cleland, 1953; Jones, 1974). 

Intraperitoneal adhesions were thought to have 
caused symptoms in 4 cases but, despite expectations 
to the contrary, 3 of them were in group 1 and of 
those, 2 had to have a laparotomy. These findings 
suggest that leaving the uninvaginated stump free in 
the peritoneal cavity does not increase the incidence 
of adhesions. Kohler (1926) made the same observa- 
tion. A convincing explanation for this finding has 
not yet been offered, but it may be that burial of the 
stump in a closed space protects the organisms from 
exposure to the peritoneal defence mechanisms which 
could lead in the first instance to a stump abscess and 
could secondarily encourage adhesions. 

Intraperitoneal abscess was uncommon in both 
groups. There were only 2 cases of pelvic abscess and 
no instance of subphrenic abscess. 


The one common complication in this, as in all 
similar studies of appendicectomy morbidity, was 
wound infection, the incidence in group 1 being 
approximately 16 per cent. There was a reduction in 
the incidence of this complication in the group 2 
cases—6 per cent. It is suggested that there being 
less manipulation and a shorter operating time when 
invagination is omitted may lead to less contamination 
of the wound. 

The omission of invagination of the crushed 
and ligated appendix stump after appendicectomy 
simplifies and shortens the operation. In this and 
other series no added risk of complication has been 
found and indeed there is a lower risk of wound 
infection and a slightly shorter postoperative hospital 
stay when simple ligation of the appendix stump is 
practised. 
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The Erlangen magnetic colostomy control device: 


technique of use and results in 22 patients 
J. C. GOLIGHER, P. W. R. LEE, M. J. MCMAHON AND 


MURIEL POLLARD* 


SUMMARY 

The evolution and general principle of the Erlangen 
magnetic ring colostomy device are described and its 
practical use illustrated by reference to a personal 
series of 22 patients treated with the device. Analysis 
of the functional results obtained in 13 of these cases, 
who were assessed after at least 3 months’ trial, 
shows that only 3, or at most 4, could be considered to 
have achieved worth-while continence, but there are 
grounds for believing that these results might be 
improved a little by more stringent selection of patients 
for the procedure and by employing a more meticulous 
technique for implanting the rings. 


In the earlier years of the present century several 
attempts were made by surgeons to secure continence 
at colostomies by means of such manceuvres as 
rotating the colon stump as it was taken through the 
abdominal wall or bringing the bowel very obliquely 
through the musculo-aponeurotic layers (Goligher, 
1975). However, these efforts proved unavailing and 
it has long been accepted that a colostomy is inevitably 
an incontinent opening. Admittedly, by regulating 
colonic activity as far as possible by dietetic measures 
and irrigations, and compensating for the lack of 
control by the wearing of adherent plastic bags, 
modern methods of colostomy management have 
afforded for very many patients a satisfactory modus 
vivendi, but at best this régime can only be regarded 
as arather poor substitute for natural anal continence. 

Then, in 1975, after a great deal of experimentation 
in animals, Feustel and Hennig of Erlangen intro- 
duced a magnetic closing device for clinical use in 
conjunction with colostomies, which immediately 
revived surgical hopes of being able to offer con- 
tinence of a sort to at least some colostomy patients. 
The device consists of a ring and cap, both magnetized 
(Fig. 1). The ring is composed of samarium-—cobalt 
with a coating of Palacos (a medically approved 
acrylate), which is implanted in the abdominal wall 
around the emerging colon. The cap is a plastic disc 
with a central protruding spigot or core, both the 
disc and core also containing samarium—cobalt. The 
spigot fits into the stoma and the cap rests on the 
skin around the opening with a thin adherent washer 
of rubber and karaya powder interposed between 
them (Fig. 2). Feustel and Hennig (1975) found that 
a cap without a magnetized core was not sufficiently 
attracted to the buried ring to provide a firm seal, 
whereas a cap with a cobalt-containing spigot 30 mm 
long experienced a nearly constant force of attraction 
at a distance from the ring of between 10 and 30 mm. 
They stress that magnets made of samarium-cobalt 
are not influenced by external magnetic fields and 
maintain their magnetization for much longer than 
any patient is likely to live. 

Early highly favourable reports from Erlangen on 
the magnetic device in clinical practice led to wide- 
spread use of magnetic colostomies as primary or 





Fig. 1. The equipment for a magnetic ring colostomy: 
Maclet magnetic ring and cap with 30-mm right-angled 
spigot (caps with longer or obliquely placed spigots are also 
made). 


secondary procedures in West Germany and to a 
more tardy and cautious application of the method in 
Scandinavia and Britain. However, a critical appraisal 
of the results in Erlangen by Hager et al. (1976) 
revealed a much less satisfactory state of affairs. Of 
105 patients given magnetic colostomy rings up to 
1 April 1976 (as a primary step in connection with 
abdominoperineal excision in 64 cases, and as a 
secondary implantation around an existing colostomy 
in 41 cases), none died due to the use of the device, 
though a number succumbed from other causes; 20 
rings had to be removed because of infection. Of 74 
patients available for survey, 17 (23 per cent) were 
fully continent for faeces and flatus and 6 (8 per cent) 
for solid or even liquid faeces but not for flatus. A 
worth-while result could thus be claimed in only 
31 per cent of the patients followed up. Most of 
these patients wore the cap only during the day and 
used an adherent plastic colostomy bag at night and 
for the first few hours of the day till the main colostomy 
action had taken place. 

What emerged from the study by Hager et al. 
(1976) was that many of the unsatisfactory results 
with magnetic ring colostomies appeared to be due to 
poor selection of cases for the procedure or to faulty 
siting or imperfect construction of the stoma. In 
support of this contention they quote the improved 
results obtained with magnetic colostomies in patients 
operated on in Erlangen since 1 May 1976, when 
greater attention was being paid to these sources of 
error. Of 17 patients in this latter group, surveyed in 
September 1976, 13 (76 per cent) were found to be 
completely continent. Some of the improvement in 
these more recent cases is attributed to the use of the 
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Fig. 2, Diagram indicating the relative positions of the ring, implanted in the abdominal 
wall superficial to the musculo-aponeurotic layers, and the cap and washer. 
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Fig. 3. Usual site for colostomy in cases having a magnetic 
ring, a little higher than for a conventional iliac colostomy. 


new Maclet charcoal-containing filter-washer, which 
allows the gradual and mainly non-odorous escape 
of flatus from the bowel without having to unstick the 
cap. 

The manufacture of the Erlangen magnetic device 
has been entrusted to the firm of Coloplast Inter- 
national and is now marketed by them under the 
trade name of the Maclet System. Messrs Coloplast 
have shown a commendable sense of responsibility in 
exploring thoroughly the alleged efficacy of the mag- 
netic ring device by means of a collaborative study by 
a group of interested surgeons in Scandinavia, 
Britain and France as well as Germany, before 
releasing it to the general surgical public. An interim 
report on the collective results of this study will be 
published shortly (Alexander-Williams et al., 1977), 
and it seems inevitable that quite a number of British 
surgeons will be keen to evaluate this device in their 
own practice. The following account of the personal 
experience of one surgeon (J.C.G.) has been written 
in the hope that it may prove useful to other surgeons 
turning to this procedure by giving them clear 


guidance in the selection of cases and in the sort of 
operative technique required. 


Selection of patients 

It cannot be too strongly reiterated that not every 
patient is suitable for a magnetic ring colostomy. 
During the period February to December 1976, in 
which the present series of magnetic ring colostomies 
was performed, a total of 36 patients came to terminal 
iliac colostomy but only 20 were given magnetic rings. 
A further 2 patients had secondary implantation of a 
ring around an existing colostomy. The contraindi- 
cations to use of the magnetic device were as follows: 

l. The existence of a greater thickness of sub- 
cutaneous fat in the abdominal wall than 2:5-3 cm. 

2. The presence at or close to the proposed site of 
the colostomy of unusual rolls of skin and fat or of 
scars that would mar the flatness of the skin surface 
around the stoma, making it difficult subsequently to 
fit a magnetic cap securely. 

3. Impaired mental faculties due to cerebral arterio- 
sclerosis or old age, which would prevent the patient 
learning to cope with a magnetic device. 

4. Advanced malignant disease allowing only a 
limited period of survival. | 


Operative technique 

Primary operations 

Selection of site for colostomy: An important principle 
in making a magnetic ring colostomy is that the colon 
stump should come straight forward through the 
substance of the abdominal wall and through the 
magnetic ring for suture absolutely at right angles to 
the skin, so that ultimately the cap and spigot will lie 
exactly superficial to the ring at all times. Obviously, 
if when the patient stands the skin and subcutaneous 
fat drop down, the relationship between the cap and 
ring will be disturbed. We have found that it is easier 
to make a colostomy that satisfies these requirements 
at all times during the various ambulant activities of 
the patient if it is placed, not in the usual site in the 
left iliac fossa, but rather higher up, where the 
abdominal wall has less subcutaneous fat and the 
stoma is above any ‘spare tyre’ of skin and fat (Fig. 3). 
Implantation of the ring into the colostomy wound 


from the front: If the ring is to be inserted into the 


subcutaneous tissues through the circular skin wound 
made for the colostomy, the latter needs to be 35- 
4 cm in diameter (Fig. 4). At that size it is still smaller 
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Fig. 4. (a) Making the skin incision for the circular colostomy 
wound. ($) Note that the disc of skin removed is somewhat 
greater than for a conventional colostomy, but it need not be 
quite as big as the outside diameter of the magnetic ring 

{52 mm) as the skin opening can be stretched a little. 


Fig. 6. An opening is made in the musculo-aponeurotic 
layers of the abdominal wall and anterior parietal peritoneum 
by a cruciate or linear incision. 





Fig. 5. The subcutaneous fat including the fascia of Scarpa is 
incised and elevated off the aponeurosis of the external 
oblique partly by sharp (a) and partly by blunt (4) dissection 
to create a bed for the ring. 


than the outside diameter of the ring, but by means 
of stretching the skin opening it is usually possible to 
insert a ring through a cutaneous gap of these dimen- 
sions. 

In excising the disc of skin as little fat as possible 
is removed. The next step is to incise the fat down to 
the external oblique aponeurosis (Fig. 5a). The edges 
of the divided deeper fascial layer of the subcutaneous 
tissue (the fascia of Scarpa) are then caught with 
tissue forceps or dissecting forceps and with the 
scalpel dissected off the external oblique aponeurosis 





Fig. 7. (a) Insertion of the ring into the prepared bed. Note 
that the surface of the ring with the narrow projecting flange 
is placed anteriorly and that the wound is stretched by 
Langenbeck retractors to permit passage of the ring. (6) The 
position of the ring immediately superficial to the aponeurosis 
is shown. 
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Fig. 8. Fixation of the ring to the external oblique with four 
monofilament Prolene sutures which embrace the ring at each 
of its four quadrants. (Note that the knots of these sutures 
should be pushed round to lie peripheral to the ring and not 
superficial to it.) 





a b 


Fig. 9. Burying the ring by suture of the fascia of Scarpa and 
subcutaneous fat to the cut edge of the external oblique 
aponeurosis at the opening in the musculo-aponeurotic layers 
by a series of closely placed stitches of No. 2/0 or 3/0 Dexon: 
(a) four stay sutures inserted; (6) completion of approximation, 
the ring now being buried and concealed from view. 


for 1:5-2cem all round (Fiz. 5a), further separation 
being achieved thereafter by blunt finger dissection 
(Fig. 5b) to create a space that will subsequently 
accommodate the ring. Now the musculo-aponeurotic 
layers of the abdominal wall at a point corresponding 
to the centre of the colostomy wound are incised in 
cruciate fashion (Fig. 6), and after this has been done 
the magnetic ring is inserted into the bed prepared 
for it deep to the fascia of Scarpa (Fig. 7). 

In a few cases recently we have at this stage fixed 
the ring to the external oblique by means of four 
sutures of monofilament Prolene, one at each quad- 
rant, with the idea of preventing the ring from tilting 
forwards subsequently (Fig. 8). Finally, the ring is 
buried by a series of sutures of 3/0 Dexon between the 
cut edges of the external oblique aponeurosis or 
muscle at the margin of the opening in the musculo- 
aponeurotic layers and the fascia of Scarpa (Fig. 9a). 
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Fig. 10. (a) Colon stump controlled by Cope'’s clamp has 
been drawn through the colostomy wound and magnetic 
ring. When the laparotomy wound has been sutured and 
sealed, the excess of colon stump is amputated at or just 
beyond the level of the skin surface. (6) and (c) Suture of the 
colon wall to the skin to give a right-angled junction without 
protrusion of the bowel or indrawing of the skin. 


Usually about twelve stitches are required for this 
purpose and, when they have all been tied, the ring is 
completely concealed (Fig. 9b). 

The colon stump, controlled by a Cope’s (Martel’s) 
clamp or closed by a metal stapler or a running 
catgut suture and covered with a condom, is now 
drawn through the opening in the abdominal wall 
(Fig. 10a). When the laparotomy wound has been 
sutured and sealed off, the colostomy is completed 
by dividing the colon at exactly the skin level and 
suturing the cut end of the bowel to the skin with a 
close series of silk stitches (Fig. 10). The aim is to 
avoid protrusion of the colon mucosa beyond the 
skin surface or indrawing of the skin. 

Lateral implantation of the ring from the laparotomy 
wound. The alternative method of inserting the ring 
which we have used in our most recent 6 or 7 cases 
is to create a subcutaneous pocket extending from 
the main laparotomy wound to the colostomy 
wound (Fig. lia) and to slip the ring laterally into it 
(Fig. 11b). When it reaches the colostomy wound it 
is fixed in position and buried, as with a direct 
insertion, and the slit in the main wound between the 
subcutaneous fascia and fat and the anterior rectus 
sheath is closed by Dexon or catgut sutures. The 
theoretical disadvantage of this route is that if sepsis 
occurs in the laparotomy wound, as is not uncommon, 
it might spread to the colostomy site. The advantage 
of lateral insertion is that it enables one to keep the 
colostomy wound smaller—say 2-5 cm—-which may 
be helpful in securing continence. However, we have 
been impressed by the way in which the bigger wounds 
of 4-0 cm, used for implantation of the rings from the 
front, eventually seem to contract down, so that the 
eventual stoma is not abnormally wide. 

Preparation of the bowel and use of antibiotics: The 
preparation of our patients for magnetic ring 
colostomies has followed the routine adopted by us 
for major colorectal cases in general and consists of 







Tm 
— WM) H 
a, 


WH 






f 





Erlangen magnetic colostomy ring 505 








a 
j 
LA 


ti 

A 

; 

$ 

4 

2 

$ 

g ” 
A 
A 
A 
Zz 


Fig. 11. Insertion of the magnetic ring laterally from the main laparotomy wound: (a) by dissecting between the fascia of 
Scarpa and the aponeurosis a pouch is created terminating at the site of the already-prepared colostomy wound; (b) ring 
being slipped laterally. When it finally reaches the colostomy site it is fixed and buried as shown in Figs. 8, 9. 


mechanical bowel cleansing with aperients and 
enemas, the oral administration of phthalylsul- 
phathiazole and neomycin and the intramuscular 
injection of two doses of gentamicin and lincomycin 
immediately before and after the operation. The ring 
comes in a sterile package, having been sterilized by 
irradiation, but, in addition, we put povidone- 
iodine or an antibiotic in both the colostomy and 
laparotomy wounds. 


Secondary operations 

Our experience of secondary implantations is very 
limited, having been confined to 2 patients, though we 
have looked at several other colostomy patients with 
a view to giving them a magnetic ring. The first 
essential in considering implantation of a magnetic 
ring as a secondary procedure is to assess whether the 
patient has the necessary mental agility to manage a 
magnetic colostomy, and the second essential is to 
decide whether the site and structure of the existing 
stoma are such that it would suffice merely to introduce 
a magnetic ring around the bowel in that situation. 
If there are serious doubts on this latter score, the 
colostomy should be resited, preferably at a higher 
point in the abdominal wall well clear of the previous 
site. To do so will require a relaparotomy through 
the scar of the original paramedian or median 
laparotomy wound, at which the colon stump is freed 
from the abdominal wall at the colostomy. After the 
small wound at the old colostomy site has been 
closed, a new colostomy is fashioned with a magnetic 
ring being implanted by either of the methods 
described above for primary operations. 

If, however, the site and structure of the existing 
colostomy are deemed to be satisfactory for conver- 
sion into a magnetically controlled stoma, a purely 
local operation suffices. The colostomy is circumcised 
accurately at the mucocutaneous junction, the 
incision being deepened to separate the subcutaneous 
fat from the bowel down to the external oblique 
aponeurosis. Whilst strong traction is exerted on the 
colon stump with tissue forceps, the dissection is 








Fig. 12. Photograph of a patient with a structurally 
and functionally very satisfactory colostomy, wearing 
his magnetic cap. 


continued between the musculo-aponeurotic layers 
and the bowel till the colon is completely freed from 
the abdominal wall. At this stage the open end of the 
bowel is closed by a running fine catgut suture and 
covered with a condom which is tied in position with 
an encircling strand of silk, the tails of which are left 
long and clipped with artery forceps. The wound is 
then swabbed with an antiseptic solution such as 
chlorhexidine and sprayed with povidone-iodine. The 
colon stump can now be pushed back into the 
abdominal cavity with the tails of the encircling silk 
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Table I: TOTAL EXPERIENCE WITH MAGNETIC 
COLOSTOMY RINGS* 


No. of patients given rings 22 
Operative deatht 1 
Other major non-fatal complications 0 
Minor complications 
Temporary cyanosis of colostomy mucosa 2 
Colostomy wound infection, minimal I 


* February to December 1976. 
t Due to general peritonitis from necrosis of bowel at colostomy 
and leakage. 


Table Ii: STRUCTURAL DEFECTS OF THE STOMA 
IN 21 SURVIVORS* 





anal 


wet BD ED od TD 


None apparent 

Oblique passage of colon to surface 
Tilting of ring: 

Possibly ring too deep due to obesity 
Roll of skin and fat overriding stoma 


* In some cases more than one defect was noted. 


Table HI: FUNCTIONAL RESULTS 





Patients who kave not used cap 
Operative death 

Too recent for assessment 
Too elderly to try cap 

Not interested to try cap 


Patients who have used cap 

Have given up using cap* 

Still using cap but mostly incontinent 

Using cap, mainly continent and very pleased 
Using cap, completely continent and delighted 


wemh 5 hd Teed 


Sad teow le Ete 


* Incontinence, 4; rheumatoid arthritis of hands, 1. 


ligature still projecting to the surface, and the pre- 
paration of a bed for the magnetic ring and the 
insertion, fixation and burial of the ring are carried 
out exactly as described above for a primary implanta- 
tion from the front. Finally, the covered colon 
Stump is drawn to the surface through the hole in the 
musculo-aponeurotic layers and the magnetic ring. 
After divesting it of the rubber sheath, it is amputated 
at an appropriate level and the cut end of the bowel is 
sutured to the edge of the circular skin wound. 


Postoperative care of the magnetic ring colostomy 
Following the practice in Erlangen, the magnetic 
caps have not been applied in any of our cases till 
6 weeks after the operation, to allow the colostomy 
wound to heal thoroughly before being subjected to 
this possible source of trauma. Meanwhile, ordinary 
adherent plastic colostomy bags are worn. 

When the cap is used, the length of time it has been 
maintained in position has varied from patient to 
patient. Some have kept, or tried to keep, it in situ 
throughout the 24 hours except for an hour or so 
once or twice a day for evacuation of the colon, the 
latter being allowed to take place into a kidney dish. 
Many more have preferred to wear a colostomy bag 
at night till the colostomy has been evacuated after 
breakfast. Thereafter the bag is removed and the cap 
is worn ideally till bedtime. However, some of the 
patients have had to take the cap out temporarily 
before then because of flatulent or faecal distension 





or because there has been some incontinence. Fewer 
patients have had these problems since they began 
using the new Maclet charcoal-containing filter- 
washers in conjunction with the cap. 


Results 

Operative mortality and morbidity 

One of our 22 patients died in the immediate post- 
operative period due to necrosis of the extreme end 
of the colon stump, separation of the musculo- 
cutaneous suture line, cellulitis and faecal peritonitis 
(Table I). It is difficult to know whether these unfor- 
tunate events were in any way attributable to the use 
of the magnetic ring. The patient concerned had a 
fair amount of solid faeces in the large bowel and it 
could be that the pressure exerted on the colon by the 
hard faeces as they were forced against the ring may 
have been a factor in causing the necrosis. One could 
not completely exonerate the magnetic ring and 
certainly it would seem unwise ever to attempt a 
le ha colostomy in a patient with a heavily loaded 
colon. 

There were no serious non-fatal complications 
(Table I). One patient had a minor degree of sepsis 
in the colostomy wound which soon cleared up. All 
the other cases healed per primam. Two patients 
exhibited considerable cyanosis of the bowel mucosa 
at the colostomy at the conclusion of the operation, 
but by next day the mucosa was quite pink. 


Structural results 

Despite the clear appreciation from the beginning of 
this series of operations of the special structural 
requirements of a magnetic ring colostomy, the 
unfortunate fact is that in only 12 of the 21 surviving 
patients was a structurally perfect stoma achieved 
(Fig. 12). The structural imperfections are listed in 
Table II. 


Functional results 

As Table IH shows, of our 22 patients who were given 
magnetic rings, 9 have not proceeded to the wearing of 
magnetic caps for a variety of reasons. Of the 13 who 
have worn caps for a sufficient time for the functional 
result to be assessed, only 3 or possibly 4 could be 
regarded as having achieved genuine continence. 
Several of the patients who were not continent 
exhibited undoubted structural defects in their 
colostomies, but 2 had what appeared to be struc- 
turally very satisfactory stomas, yet they were 
incontinent even when using the new Maclet adherent 
filter-washer. 

Subsequent removal of rings: Though several of our 
patients have given up, or not tried, using the mag- 
netic cap and reverted to conventional colostomy 
management, the buried ring has not usually given 
any trouble. Only one patient had to have it removed 
because of a complaint of vague discomfort and 
heaviness referable to it. Another patient, who had a 
secondary colorectal anastomosis following an initial 
Hartmann’s operation, also had his ring removed at 
this second operation. 


Discussion 

Though our patients who were submitted to magnetic 
ring colostomies were selected very carefully, as we 
thought, to respect the contraindications outlined by 
the Erlangen surgeons, it has been disappointing to 





find that several of them subsequently proved to be 
unsuitable for this type of colostomy, mainly on the 
score of age and poor cerebral function (Table HD). 
It would seem that we had underestimated the degree 
of deterioration of this function that can take place 
in older subjects as a result of a major surgical inter- 
vention such as an abdominoperineal excision. No 
less chastening has it been to discover that, despite a 
full realization of the technical needs of this new 
form of colostomy and a strong effort on our part to 
satisfy these requirements, a fair proportion of our 
patients has none the less ended up with a colostomy 
structurally inadequate for fitting a magnetic cap. 
The structural defects concerned (Table ID have been 
obliquity in the course of the colon to the surface 
instead of a right-angled junction with the skin, 
forward tilting of the upper edge of the buried ring, 
an overhanging roll of skin and fat and, possibly in 
one or two cases, too much subcutaneous fat. 

These observations illustrate the importance of 
stringent selection of cases for magnetic ring colos- 
tomies and the technical difficulties involved in 
fashioning a good stoma at a suitable site. They also 
raise the question as to whether anything can be done 
from the appliance point of view to compensate for 
the imperfections of the surgeon’s work. Magnetic 
caps with obliquely angled rather than right-angled 
spigots or with longer spigots than the standard model 
are available for special cases, but we have had little 
success with them. Perhaps the most useful recent 
technical innovation in this connection has been the 
Maclet charcoal-containing filter-washer which has 
helped 2 or 3 of our patients to achieve better con- 
tinence. 

Unquestionably the most disturbing finding in our 
series has been that 2 of the patients who had stomas 
which appeared structurally perfect were none the 
less unable to attain satisfactory continence with their 
magnetic caps. Whether these patients would be 
helped by more powerful magnetic devices, if such 
became available, remains to be seen, but one might 
be apprehensive of necrosis or other detrimental effects 
on the tissues of stronger magnetic equipment. An 
important consideration seems to us to be that it ts 
easier to obtain continence with a magnetic device in 
patients who have a well-regulated colostomy which 
acts only once a day than in those who suffer from 
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an irritable colon producing irregular and unpre- 
dictable motions of varying consistency. But, perhaps 
ironically, the former type of patient is much less in 
need of a device for continence. 

It is difficult to forecast the ultimate role of the 
magnetic device in the overall management of 
colostomies. Even with very strict selection of cases, 
involving perhaps rejection of as many as 50 per cent 
of those coming to iliac colostomy, combined with a 
most scrupulous operative technique, it seems to us 
that there will always be a fair proportion of patients 
which, for reasons not fully understood, fails to 
secure satisfactory control with the device. It is 
important to remember, however, that in the great 
majority of instances in which the device fails no 
harm results from having tried it. The patient simply 
ceases using the magnetic cap and reverts to colostomy 
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bags. The buried ring can be left implanted and usually 


gives rise to no trouble; in fact it may help to prevent 
the development of the peristomal hernia which is so 
frequently found after conventional iliac colostomy. 
The main indication for removal of a magnetic ring 
is the development of sepsis, which occurs not 
uncommonly after secondary implantations due to . 
contamination at the time of operation, but is very 
rare after primary implantations. 
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Intestinal obstruction after excision of the rectum 
D. HAMER-HODGES AND N. A. MATHESON® 


SUMMARY 


Over a 5-year period, 33 patients underwent excision of 


the rectum in the same unit of Aberdeen Royal 
Infirmary. Six patients in whom the abdominal contents 
were allowed to fall into the denuded pelvis showed a 
uniform pattern of delayed intestinal transit. Two of the 
patients required reoperation and one died. A similar 
pattern was not seen in patients managed by other 
methods. Even if leaving the pelvic peritoneum open 
were to improve the likelihood of primary perineal 
healing, for which there is no good evidence, the risks 
are such that the practice must be regarded as unaccept- 
able unless omentum is mobilized to occupy the pelvic 
cavity, 


AFTER excision of the rectum the empty pelvis may be 
managed in various ways. Miles (1908) closed the 
pelvic peritoneum and packed the perineal wound, 
which was then allowed to granulate slowly. In an 
attempt to promote more rapid healing, primary 
closure of the perineal skin is now commonplace. This 
converts the empty pelvis into a large closed space 
bounded above by the pelvic peritoneum and below 
by the perineal skin. Despite drainage, this space is 
liable to infection with subsequent wound disruption 
and may be a continuing source of postoperative 
morbidity. There is evidence that the most reliable 
method of avoiding pelvic sepsis and of achieving 
primary perineal healing is by suction drainage of the 
closed dead space (Burge and Tompkin, 1960: 
Schofield, 1970; Saha and Robinson, 1976). Neverthe- 
less, in a controlled trial to evaluate methods of 
perineal wound management, Irving and Goligher 
(1975) found that despite suction drainage delayed 
healing occurred in half of their patients. An alter- 
native technique is to avoid the dead space by leaving 
the pelvic peritoneum unsutured and allowing the 
small bowel to fill the pelvic cavity (Haxton, 1970), 
The simplicity of this approach is attractive and, in 
addition, it avoids the possibility of small bowel 
herniation through the unsupported peritoneal suture 
line. Fears that contact between the small bowel and 
the denuded tissues in the pelvis would lead to 
adhesions appeared to be allayed by experimental 
work, such as that of Ellis (1962), which was supported 
by clinical observations on the effect of deperitoneali- 
zation (Robbins et al., 1949; Trimpi and Bacon, 1952). 

During the past 5 years, although not our routine 
policy, we have avoided closing the pelvic peritoneum 
in some patients. However, recent experience with 2 
such patients who required re-exploration for post- 
operative intestinal obstruction with one death has 
forced us to reconsider this policy and the aim of this 
report is to draw attention to the hazards it appears 
to involve. 


Patients and methods 

Between 1970 and 1975, 13 of 32 patients undergoing excision 
of the rectum in one ward of the Aberdeen Royal Infirmary 
were managed without closure of the pelvic peritoneum. In 6 
of these 13 patients the abdominal contents were allowed to fall 
freely into the true pelvis. A drain laid in the hollow of the 


Sacrum was brought out through the perineal wound or 
through a separate stab and was connected to a closed system 
without suction. The subcutaneous fat was approximated with 
sutures of chromic catgut and the skin was closed with inter- 
rupted non-absorbable sutures. The clinical course of these 
patients is outlined below. 


Case reports 

Case 1: A 47-year-old man underwent elective excision of the 
rectal stump which had been left in situ after earlier total 
colectomy for ulcerative colitis. The pelvis was not reperi- 
tonealized. His initial progress seemed satisfactory, although 
his perineal wound discharged after removal of the drain. His 
ileostomy moved and he took oral fluids but complained of 
hiccups. Small bowel obstruction was recognized on the seventh 
postoperative day and confirmed on X-ray. Conservative treat- 
ment with nasogastric suction and intravenous feeding was 
started but on the thirteenth postoperative day, in the face of 
continued obstruction and developing abdominal tenderness, 
the abdomen was re-explored. At reoperation the small bowel 
was found to be distended and several loops were adherent 
deep in the sacral hollow. During the mobilization of these 
loops, two perforations were made. One, a few centimetres 
from the ileostomy, was oversewn ; the second. larger and more 
proximal, was resected with an end-to-end anastomosis. A 
collection of pus was found between the loops of bowel in the 
pelvis and a swab from this grew bacteroides. Although 
appropriate antibiotic treatment was given, severe sepsis 
followed which was complicated by upper gastro-intestinal 
bleeding together with both hepatic and renal failure. Six days 
after re-exploration the patient died. 


Case 2: A 54-year-old man underwent abdominoperineal 
excision of the rectum for cancer. The pelvis was not reperi- 
tonealized. Oral fluids were begun on the fourth postoperative 
day and were increased on the following day although the 
patient complained of nausea. The colostomy continued to 
move both flatus and faeces but abdominal distension began 
to develop. Oral fluids were discontinued and an intravenous 
infusion was recommenced. On the eighth postoperative day his 
abdominal wound dehisced. At resuture, the small bowel was 
grossly distended secondary to adherence of loops of terminal 
ileum in the pelvis. These loops were delivered and decom- 
pressed by retrograde stripping into the stomach. Available 
omentum was laid into the pelvis and the small bowel placed 
on top. Although the perineal wound did not heal by first 
intention, the patient's further course was uneventful. 


Case 3: A 66-year-old man underwent elective proctocolectomy 
for ulcerative colitis. The pelvis was not reperitonealized. Oral 
fluids were gradually introduced from the fourth postoperative 
day and on the seventh day he was on free fluids and his 
infusion was discontinued. During the following week the. 
perineal wound discharged pus and he ran a low-grade fever. 
On the nineteenth postoperative day he developed colicky 
abdominal pain with vomiting and a diagnosis of intestinal 
obstruction was made. Conservative treatment with nasogastric 
suction and intravenous fluids was started. This therapy was 
effective but had to be sustained until the twenty-fifth post- 
operative day. 


Case 4: A 74-year-old woman underwent elective abdomino- 
perineal excision of the rectum for Crohn's disease. The pelvis 
was not reperitonealized. Oral fluids were started on the third 
postoperative day and flatus was passed on the following day. 
On the fifth day the patient was actively sick. Intermittent 
vomiting continued during the seventh and eighth days. On the 
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eleventh postoperative day the patient appeared to improve 
and fluids were recommended to be followed once again by 
vomiting. On this occasion, however, the vomitin g was transient 
and the patient thereafter recovered uneventfully. 

Case 5: A 67-year-old woman presented with an advanced 
squamous carcinoma at the anal margin. In addition an 
adenocarcinoma was found 6cm from the anal margin. At 
laparotomy, the bladder was found to be involved by direct 
extension and pelvic exenteration was performed. A left iliac 
colostomy and a right-sided ileal conduit were fashioned. The 
pelvis was not reperitonealized. Oral fluids were started on 
the seventh postoperative day but because of nausea full oral 
intake could not be allowed until the fourteenth day. Her 
further recovery was uneventful. 


Case 5: A 68-year-old man underwent abdominoperineal 
resection of the rectum for leiomyosarcoma. The pelvis was not 
reperitonealized. Oral fluids had to be restricted until the ninth 
postoperative day because of nausea and vomiting. 


In 7 of the 13 patients in whom the pelvic peri- 
toneum was not closed, the omentum was mobilized 
as a pedicled graft, much as described by Ruckley 
et al. (1970) except that the vascular pedicle was based 
on the right gastro-epiploic vessels. The omentum was 
laid into the true pelvis like a carpet and the bowel 
allowed to lie upon it. Postoperative complications 
did not occur in these patients and primary perineal 
healing occurred in 4 of the 7. In the remaining 
3, discharge was minimal and did not delay 
convalescence. 

During the same period, in the remaining 19 

patients, the pelvic peritoneum was closed. In 15 of 
these the pelvic dead space was drained. Suction 
drainage was used in only 2 patients and in both 
primary healing occurred. Discharge of fluid, often 
purulent, was a feature of the remainder. Incon- 
venience to the patient was usually minimal, although 
one patient had a loculated collection requiring 
drainage and in another the perineum broke down and 
required to be packed until healing occurred by 
granulation. In 4 patients the perineum was packed 
and healed slowly but reliably. However, apart from 
problems associated with the perineal wound, there 
were few postoperative complications in these 19 
patients in whom the pelvic peritoneum was closed. 
Intestinal obstruction with a fatal outcome developed 
in one patient. 
Case 7: A 29-year-old woman underwent emergency procto- 
colectomy for ulcerative colitis with toxic dilatation. Obstruc- 
tive symptoms developed on the fifth postoperative day and 
were initially managed conservatively. Failure of conservative 
management led to reoperation on the eighteenth day. 
Extensive intraperitoneal adhesions were present. A small 
bowel fistula developed after this procedure. Despite a further 
operation on the twenty-eighth day, the patient died 14 days 
afterwards. 


Discussion 

Postoperative intestinal obstruction is a serious 
complication and a definite hazard to life. Goligher 
et al. (1951) found the overall mortality from post- 
operative obstruction after excision of the rectum to 
be 19 per cent. The dangers of this complication lie 
mainly in its late detection and even later effective 
management. 

Unreasonable delay in reoperation is well 
exemplified by our 3 patients who were ultimately 
re-explored at 6, 13 and 18 days after the diagnosis of 
obstruction had been made. Reluctance to reopen the 
abdomen is difficult to overcome, particularly since 
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the risk of perforating the small bowel is high. How- 
ever, this risk increases with the lapse of time as the 
obstructed bowel becomes more distended, more thin- 
walled, less well perfused and more adherent. We 
think it necessary to set a deadline of 48 or 72h on 
the duration of conservative treatment after which 
operation must be undertaken unless there has been a 
clear-cut improvement with evidence of relief of the 
obstruction. Although adoption of such an attitude 
might result in fewer deaths from postoperative 
obstruction, prevention is more important. 

Intestinal obstruction is clearly a hazard after 
excision of the rectum and the present small series of 
patients has been reported simply to draw attention to 
the unacceptable risks of leaving the pelvic peritoneum 
open and the pelvis empty. It is now commonplace to 
avoid reperitonealization of denuded areas within the 
abdomen and after rectal excision the technique has 
the attraction of avoiding the resulting pelvic dead 
space, and should, in theory, promote primary 
perineal healing. However, there is no good evidence 
that this method is associated with improved perineal 
healing (Irving and Goligher, 1975) and whatever its 
theoretical advantages, our experience is that intestinal 
obstruction with its attendant morbidity and mortality 
is so frequent that the open empty pelvis must be 
avoided. All 6 patients treated in this way had 
unusually delayed recovery of normal intestinal 
transit after operation which may be attributed to 
intestinal obstruction and which led to reoperation in 
2 patients with a fatal outcome in one. This experience 
is contrasted with that of the 26 patients in whom the 
open pelvic cavity was avoided. In these patients 
recovery was uniformly rapid except in one who 
developed intestinal obstruction. 

The subgroup of 7 patients in whom the pelvic 
peritoneum was left open and a pedicled omental graft 
laid into the pelvis to fill the dead space is particularly 
interesting in that evidence of intestinal obstruction 
was lacking and that perineal healing was trouble- 
free. 

It appears that after rectal excision, provided an 
omental graft is used, the pelvic peritoneum may be 
safely left open. Otherwise it should be closed, 
whatever method is used for the management of the 
resulting dead space. To leave the pelvic peritoneum 
open and the pelvis empty is surgically unsound and is 
associated with an unacceptable risk to life. 
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The finding of thrombus at carotid endarterectomy 
and its relationship to the timing of surgery 
M.J.G. HARRISON AND JOHN MARSHALL* 


SUMMARY 

The clinical, angiographical, operative and histological 
records of 52 patients undergoing carotid endarterec- 
tomy for transient cerebral ischaemic attacks were 
reviewed, Thrombus or other friable material was 
present in 66 per cent of the 24 patients operated upon 
within 4 weeks of a clinical attack, but in only 21 per 
cent of the 28 patients in whom the time interval was 
longer. The data favour an embolic explanation for the 
clinical episodes and further suggest that thrombus 
formation on atheromatous stenosis and ulceration is 
intermittent. 


THE association between stenosis of the internal 
carotid artery in the neck and the occurrence of 
transient cerebral ischaemic attacks (TIAs) is well 
established (Fisher, 1951; Ross Russell, 1961: 
Harrison and Marshall, 1976). Debate has continued, 
however, as to how often the cerebral symptoms are 
due to micro-embolism and how often to reduced flow. 
It has been argued that embolism is the usual 
mechanism since retinal emboli may be detected (Ross 
Russell, 1961) and attacks may cease after occlusion 
of the vessel (Fisher, 1962) or following endarterec- 
tomy, even when flow rates were normal preopera- 
tively (Skinhøj et al., 1970). Moreover, experimental 
studies suggest that a 90 per cent stenosis is necessary 
before flow is affected, yet stenosis of a lesser degree is 
frequently associated with clinical episodes. 

Gunning et al. (1964), in a surgical series of 12 
cases, found that thrombo-embolic material was 
present in the carotid artery at the time of endarterec- 
tomy in those patients operated upon within 6 or 7 
weeks of a TIA, but not after a longer interval. This 
suggested strongly that such material was present at 
the time that cerebral symptoms occurred and that the 
latter were therefore due to embolism. 

We have therefore examined a larger series of cases 
undergoing carotid endarterectomy for TIAs to study 
the relationship between symptoms and the presence 
- or absence of thrombus or other friable material in the 
artery, 


Patients and methods 

Fifty-two patients (36 men and 16 women) who had presented 
with TIAs and in whom an ipsilateral endarterectomy had been 
performed formed the basis of the study. The interval between 
the last TIA and operation was noted, along with the presence 
or absence of a carotid bruit preoperatively, the angiographic 
appearances, the operative findings and the pathological report 
upon the specimen. 

The ages of the 52 patients ranged from 41 to 73 years. In 30 
the attacks of ischaemia affected the cerebral hemisphere only. 
in 17 the retina only and in $ both cerebral hemisphere and 
retina. Thirty-two patients (64 per cent) had a bruit over the 
affected carotid artery. 


Results 

The angiograms were reported to show stenosis in 
39 cases and atheromatous irregular plaques in 13. 
A bruit had been present in 71 per cent of those cases 


found to have a stenosis compared with 15 per cent of 
ae with only an irregularity or ulceration of the 
wall. 

In 24 cases the operation followed within 4 weeks of 
the last transient ischaemic attack, whereas in the 
other 28 more than 4 weeks had elapsed; in 24 of these 
the interval was between 6 weeks and 3 months and 
in 4 instances an interval of 4-7 months had occurred. 

The surgeon noted the presence of thrombus in 
Il cases, friable atheromatous material in 2 instances 
and atheroma of the wall without loose material in 
36 patients. The description was incomplete in 3 cases. 

The endarterectomy core had been sent for histo- 
logical examination in 40 cases. The pathologist noted 
the presence of thrombus, either fresh or partially 
organized, in 14 of these patients, other friable 
material in 2 and atheroma without thrombus or 
friable material in 24 specimens. In 6 instances the 
pathological examination revealed thrombus when the 
surgeon had only reported the presence of atheroma. 

In Table I the incidence of thrombus or other 
friable material detected either at operation or from 
pathological specimens is related to the time interval 
between the last symptoms and the endarterectomy. 
It is clear that embolic material is found much more 
frequently when the operation follows shortly after a 
TIA. The trend is the same when only those cases with 
angiographic stenosis are considered (thrombus and 
friable atheroma seen in 13 of 19 patients operated on 
within 4 weeks and in 6 of 20 operated on later). 


Table I: THE PRESENCE OF THROMBUS OR 
FRIABLE MATERIAL RELATED TO THE TIME 
INTERVAL BETWEEN SYMPTOMS AND 


ENDARTERECTOMY 
Presence of thrombus 
Operative Pathological 
Interval since findings evidence Combined data 
last TIA {n= 49) {i= 40) {m= 52) 
<4 weeks 10/22 11/19 16/24 (66%) 
>4 weeks 3/27 5/21 6/28 (21%) 
z? 72 35 9-1 
P = 0-01 <O01 
Discussion 


As in many other series, the presence of a carotid bruit 
proved to be strongly associated with the angiographic 
finding of stenosis. Fresh thrombus or other friable 
material was detected by the surgeon or pathologist in 
42 per cent of the cases undergoing endarterectomy. 
As found by Gunning et al. (1964) in a smaller series, 
there was clear evidence that thrombus was more often 
present when surgery was carried out early after a TIA. 
This adds considerably to the evidence that the 
importance of carotid stenosis in the production of 
TIAs is due to the presence of friable material on the 
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stenosed area of the internal carotid artery. In these 
patients embolism can be assumed to have occurred, 
causing the ischaemic symptoms. 

The finding that thrombus is less frequently present 
-when more than a month has elapsed since a clinical 
episode is of further interest. It suggests that thrombus 
formation on ulcerated or stenotic atheromatous 
lesions is phasic and perhaps lasts for a month or two 
at a time. Whisnant et al. (1973a) have made a similar 
suggestion, following the discovery that patients with 
TIAs accrue benefit from anticoagulation in the first 
one or two months, Also, 20 per cent of untreated 
patients who did go on to develop a completed stroke 
did so within a month of their TIA (Whisnant et al., 
1973b). We do not know whether this phasic tendency 
to thrombo-embolism, which presumably underlies the 
clustering of some patients’ clinical attacks (Acheson 
and Hutchinson, 1964), is due to changes in the vessel 
wall or in the circulating blood. 
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Abdominal aneurysm in South African Negroes 


due to intimomedial mucoid degeneration 
G. A. G. DECKER, I. D. SAMSON AND A. SCHMAMAN* 


SUMMARY 

Nine South African Negroes with abdominal aortic 
aneurysms due to intimomedial mucoid degeneration 
are described. These occurred in a younger age group 
than atherosclerotic aneurysms and with a female 
predominance, The aneurysms are not syphilitic in 
origin and are unlike atherosclerotic aneurysms. This 
form of abdominal aneurysm constitutes a distinct 
entity which is relatively prevalent in South African 
Negroes and which has hitherto received little or no 
emphasis and attention. 


THE incidence of intra-abdominal aortic and iliac 
artery aneurysms in autopsies of South African Negro 
patients is very low. Becker (1946) found only one 
case of abdominal aortic aneurysm in 3000 consecu- 
tive autopsies, In 1963 Penn reported 10 adult patients 
with abdominal aortic aneurysms treated during a 
6-year period at the Baragwanath Hospital. At that 
time, he anticipated that, as the favourable results of 
surgery became generally known, more cases of aortic 
aneurysm in South African Negro patients would be 
reported. 

The present study was undertaken to document a 
group of patients with abdominal aortic aneurysms 
due to intimomedial mucoid degeneration treated at 
the Baragwanath Hospital, Johannesburg, a hospital 
which caters only for South African Negro patients. 


Patients and methods 

The series comprised 27 cases, all of whom had been operated 
upon at Baragwanath Hospital, Johannesburg, over a period of 
12 years. Histological studies of the aneurysms were done in 
21 of the cases. The diagnosis in all 9 patients with intimomedial 
mucoid degeneration was made on examination of a histological 
section of the aneurysm wall. 


Aetiology (Table I) 

Nine cases had intimomedial mucoid degeneration. In 1i 
patients the cause of the aneurysm was atherosclerosis. The 
average age of the patients with atherosclerotic aneurysms was 
52-2 years. In one of the patients with an atherosclerotic 
aneurysm serological tests for syphilis were positive. 


Table I: AETIOLOGY OF THE ANEURYSMS 


Intimomedial mucoid degeneration 9 
Atherosclerosis 11 
Idiopathic §* 
No data 2 





* Destruction too extensive for comment in 3 cases. 


The idiopathic group consisted of 5 patients. In 3 of these 
patients destruction of the vessel was such that a definitive 
histological diagnosis could not be made. In the remaining 2 
cases there was fibrous thickening of the intima and media with 
destruction of elastic tissue. The adventitia showed a few areas 
of heavy lymphocyte infiltration. It is possible that these cases 
may represent the final stage of some type of arteritis. In 2 cases 
the details were insufficient for comment. 

The features of the 9 patients with intimomedial mucoid 
degeneration are considered below. 
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Age and sex incidence 

The age of 8 patients could be ascertained and it ranged from 
39 to 64 years with a mean of 51-1 years. There were 7 female 
and 2 male patients. 


Clinical and biochemical features 

The salient clinical features, as well as the serum cholesterol 
and blood sugar levels in the patients with intimomedial 
mucoid degeneration, are shown in Table IH. Hypertension 
(blood pressure of over 140/90 mmHg) was present in 6 
patients. Three presented with severe abdominal pain due to 
rupture of the aneurysm, 5 had abdominal pain radiating to the 
back and in 1 patient the aneurysm was an incidental finding on 
abdominal examination. Ankle pulses were present in all 
patients. Serum cholesterol ranged from 3-9 mmol/l to 
6&4 mmol/l in the 7 patients in whom it was estimated. None of 
the patients had glycosuria and random sugar estimations in the 
6 patients tested were normal. Serological tests for syphilis were 
negative in all the patients. In 2 in whom an attempt was made 
to demonstrate the presence of antibodies in the blood vessel 
wall, none was found. 


Pathology 

The abdominal aorta alone was involved in 6 patients. In 2 
patients the aneurysm involved both the aorta and the common 
iliac arteries. The aneurysms were below the level of the renal 
arteries in all cases. In only one patient was the left common 
iliac artery involved. In 3 patients the aneurysm had ruptured 
retroperitoneally. 

The intimal surface was pale and almost white with no 
evidence of fatty streaking or atheroma. The adventitia was 
normal and the aneurysm could be easily excised due to a 
notable lack of adventitial fibrosis and non-adherence of the 
vena cava (Fig. 1). The para-aortic lymph nodes were not 
enlarged. The histological changes in the aneurysms were 
characterized by marked mucoid or myxoid thickening of the 
intima. There was attenuation of the media which was partially 
replaced by loose fibrous tissue and cystic vacuolation with 
slight vascularization. Large quantities of acid mucopoly- 
saccharides were present in both the media and the intima 
(Fig. 2). The elastic tissue of the arterial wall showed marked 
changes. These varied from splitting and fraying of the internal 
elastic lamina to almost complete disappearance of elastic 
tissue throughout the internal elastic lamina and media (Figs. 
3, 4). The absence of lipids and calcium in the media was 
striking. There was also. a complete absence of any inflammatory 
reaction. A remarkable amount of metachromatic material on 
toluidine-blue staining was present in the intima and extended 
into the media. The metachromatic material was also present in 
the vasa vasorum. It was strongly positive with alcian-blue 
staining, which confirmed the presence of acid mucopoly- 
saccharides. There was no evidence of arteritis in any of the 
aneurysms or vasa vasora. 


Discussion 

Approximately 3500 patients with non-traumatic 
surgical conditions are admitted to the five surgical 
units of Baragwanath Hospital annually. Nevertheless, 
there has not been a striking increase in the number of 
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Table II: CLINICAL FEATURES OF ANEURYSMS DUE TO INTIMOMEDIAL MUCOID DEGENERATION IN 
9 PATIENTS 


Blood pressure Site of Cholesterol Blood glucose 
Case No. Age Sex (mmHg) aneurysm Rupture (mmol/l) (mmol/l) 

1 57 F 180/100 Abdominal aorta No 3-9 5-5 

2 64 M 140/70 Abdominal aorta; No 5:2 5:3 
Common iliacs 

3 ? F ? Abdominal aorta No ? ? 

4 40 F 180/110 Abdominal aorta Yes v4 6-1 

5 40 F 160/120 Abdominal aorta No 6:2 ? 

6 62 M 160/100 Left common ` No 4-8 5-1 
iliac 

7 39 F 160/110 Abdominal aorta Yes 6-4 ? 

8 50 F 225/150 Abdominal aorta; Yes 6°5 9-4 
Common iliacs 

9 60 F 160/100 Abdominal aorta No 5:3 5:2 
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Fig. 2. Section of an aneurysmal wall showing area of cystic 
mucoid change. (Toluidine blue. x 150.) 


aneurysms treated surgically during the 12-year period 
under review. 

Nine of the 27 patients with abdominal aortic 
aneurysms had intimomedial mucoid degeneration. 
No fewer than 7 of the 9 patients were female, which 
differs from most reports of abdominal aneurysms in 
which the male : female ratio is between 5 and 9: 1 
(Penn, 1963; DeBakey et al., 1964; Louw, 1965; 
Haimovici, 1967; Stokes and Butcher, 1973). The striking loss of elastic tissue (black) and the intimal thickening 
male preponderance is a feature of atherosclerotic on the left. (Masson trichrome. x 35.) 





abdominal aortic aneurysms. In intimomedial mucoid 
degeneration the female preponderance would appear 
to be real as the hospital admits almost twice as many 
male patients for treatment of non-traumatic surgical 
conditions. 

The mean age of the patients with intimomedial 
mucoid degeneration was 51-5 years. This is approxi- 
mately 15 years younger than that reported in other 
case series, where the mean age is given as between 63 
and 66-5 years (DeBakey et al., 1964; Hildebrand and 
Chung, 1971). The 11 patients with atherosclerotic 
aneurysms also had a relatively low mean age incidence 
of 52:2 years. The reason for the earlier age of presen- 
tation of atherosclerotic aneurysms in South African 
Negro patients is speculative. It may be because there 
are fewer patients over the age of 60 living in the 
Baragwanath Hospital area. 

Although in all cases the aneurysms due to intimo- 
medial mucoid degeneration were below the level of 
the renal arteries, 7 of the patients were hypertensive. 
One of these (Case 8) was under treatment for malig- 
nant hypertension. The rupture of 3 of the aneurysms 
at the time of surgery reflects the potentially lethal 
nature of this condition. 

These aneurysms are not unique to South African 
Negroes, as is evident from a report by Steiner et al. 
(1973). In a post-mortem study of non-arteriosclerotic 
aortopathies in Ugandan Africans, they described an 
abdominal aortic aneurysm in a 22-year-old female. 
Degenerative changes similar to those found in 
intimomedial mucoid degeneration were seen in the 
media of the aorta adjacent to the aneurysm. There 
was loss of elastic fibres and an increase in acid 
mucopolysaccharides. Steiner et al. also described 
five other types of aortopathy on the basis of the 
macroscopic abnormality in the aorta: (a) proximal 
aortopathy; (6) dilatation of the proximal aorta; 
(c) focal aortopathy; (d) segmental aortopathy; 
(e) idiopathic aortitis—aortopathy. 

Idiopathic aortitis was described in South African 
Negroes by Isaacson in 1961 and by Schrire and 
Asherson in 1964. These patients usually present with 
occlusive symptoms; nevertheless aneurysms of the 
aorta, often multiple and of variable size, are fre- 
quently present. Histologically, there is necrosis and 
fragmentation of the elastic tissue of the media and 
internal lamina, associated with an irregular arteritis. 
This is evidenced by an inflammatory cell infiltrate 
which begins in the region of the adventitial vasa 
vasorum and extends into the media. Microscopically, 
intimomedial mucoid degeneration is quite different 
from idiopathic aortitis (Isaacson, 1976). In cases of 
intimomedial mucoid degeneration, the changes in 
the media are due to a mucoid cystic degeneration, 
whereas in idiopathic aortitis the changes in the media 
are apparently secondary to endarteritis of the vasa 
vasorum, followed by replacement fibrosis and 
reactive intimal thickening with superimposed throm- 
bosis. 

Multiple aneurysms involving the aorta and the 
main branches of the aortic arch were described by 
Abrahams and Cockshott (1962) in 7 young Nigerians. 
One of these patients, who had an aneurysmal dilata- 
tion of the thoracic aorta extending into the abdo- 
minal aorta, came to necropsy. The muscle coats of 
the aorta were destroyed and replaced by dense 
fibrous collagenous tissue, in part ‘calcified. Such 
calcification and dense fibrous tissue reaction was 
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not seen in our cases of intimomedial mucoid degenera- 
tion. 

The aetiology of intimomedial mucoid degeneration 
is unknown. In 1956, in a post-mortem study of 144 
unselected autopsies on South African Negroes, 
Pepler found degeneration of elastic tissue in the 
intima and media of the aorta and also found cystic 
spaces containing mucopolysaccharides in all but a 
few cases. These changes were found in all age groups 
including children. The changes seen in our series are 
similar to those observed by Pepler in intimomedial 
mucoid degeneration and differ from those he 
described only in that they are more severe. It was 
suggested by Pepler that these degenerative changes 
precede atherosclerosis and that hypertension is an 
aggravating factor. If this is correct, the aneurysm in 
intimomedial mucoid degeneration may be another 
end result of elastic tissue degeneration. This was 
evident in 2 of our patients who had a total excision 
of the abdominal aneurysm, the aortic bifurcation 
and the apparently healthy common iliac arteries. It 
is noteworthy that in these cases intimomedial mucoid 
degeneration was found on histological section of the 
non-aneurysmal common iliac arteries. This would 
suggest that these changes precede aneurysm forma- 
tion. 

Cystic medial necrosis was described by Erdheim in 
1930. This condition is characterized by degeneration 
of the elastic tissue limited to the media, which occurs 
most commonly in the ascending aorta and is a cause 
of dissecting aneurysms. In intimomedial mucoid 
degeneration both the intima as well as the media 
share this process, a factor which differentiates it 
from Erdheim’s cystic medial necrosis. Cystic medial 
necrosis is also a feature of Marfan’s syndrome, but 
none of our patients had any of the stigmas of this 
syndrome, such as skeletal defects, dislocation of the 
lens, arachnodactyly, high arched palate and pectus 
excavatum. 

Lathyrism, due to the ingestion of sweet-pea seeds, 
has been reported to cause lesions of elastic tissue 
with defective fibrogenesis in rats, mice and ducks. 
In man, however, the presentation is usually neural 
with an acute onset of weakness in the lower limbs 
culminating in spastic paraplegia (Weaver and 
Spittell, 1964). 

Syphilis as a cause of the aneurysm formation in 
our cases may be excluded owing to the absence of 
inflammatory cells in the aneurysm wall and the 
negative serology. Extension from an adjacent focus 
of tuberculous adenopathy has been described as a 
cause of tuberculous aortitis (Kinare, 1970), but there 
was no tuberculous lymphadenopathy in our cases. 

Immunoglobulins were not measured in any of our 
patients with abdominal aortic aneurysm, but in 2 
patients with intimomedial mucoid degeneration in 
whom antibodies in the blood vessel walls were looked 
for, none was found. The absence of an inflammatory 
cell infiltrate in intimomedial mucoid degeneration 
does not suggest an autoimmune process. 

Since there is no clear indication as to the aetiology 
of these aneurysms with intimomedial mucoid 
degeneration, they can only be defined in pathological 
terms, as was intimated by Steiner et al. (1973). It is 
evident, however, that this form of abdominal 
aneurysm constitutes a distinct entity which is 
relatively prevalent in South African Negroes and 
which has hitherto received little or no attention. 
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Deep venous thrombosis in patients having 


aorto-iliac reconstruction 


N.S. ANGELIDES, A. N. NICOLAIDES, J. FERNANDES, I. GORDON-SMITH, 


ROSEMARY BOWERS AND J. D. LEWIS* 


SUMMARY 

The '* ]-labelled fibrinogen test has been used to assess 
the incidence of deep venous thrombosis in 88 patients 
who had undergone elective aorto-iliac reconstruction. 
Deep venous thrombosis was detected in 18 (20-5 per 
cent). The results suggest that these patients merit 
prophylaxis. 


THE true incidence of deep venous thrombosis cannot 
be estimated clinically because signs are unreliable in 
diagnosing the condition (Flanc et al., 1968: Kakkar 
et al, 1969; Nicolaides, 1972). The 3*I-labelled 
fibrinogen test has been shown to be an accurate 
method of detecting deep venous thrombosis (Flanc 
et al., 1968; Negus et al., 1968), By this technique the 
postoperative incidence of venous thrombosis has 
been found to vary from 15 per cent in patients having 
gynaecological operations (Bonnar et al., 1972) to 
75 per cent in patients with pertrochanteric fractures 
(Field et al., 1972). In general surgical patients the 
incidence varied from 24 per cent (Nicolaides et al 
1972) to 35 per cent (Flane et al., 1968). 

In recent years effective means of prevention have 
become available (Nicolaides and Gordon-Smith, 
1975). The incidence of postoperative deep venous 
thrombosis can be decreased by methods which 
prevent either venous stasis (Browse and Negus, 1970: 
Hills et al., 1972; Nicolaides et al., 1972) or the 
hypercoagulable state (Gordon-Smith et al., 1972; 
Kakkar et al., 1972; Nicolaides et al., 1972). 

The aim of this study was to determine the incidence 
of deep venous thrombosis in patients having aorto- 
iliac reconstruction. Such information would be of 
value in deciding whether prophylactic measures 
should be applied to this group of patients. 


*% 


Patients and methods 

Eighty-eight patients (69 male and 19 female) were studied. 
Their ages ranged from 36 to 78 with a mean of 59-8 years. All 
the patients were suffering from aorto-iliac disease and under- 
went elective aorto-iliac reconstruction. The operations 
performed are shown in Table I. 

All patients received intra-arterial heparin during the 
operation. This varied from 5000 to 10000 units and it was 
given 3 min before the application of arterial clamps. It was 
reversed at the end of the operation by intravenous protamine 
sulphate in a dose of 2 mg/100 units of heparin given. 

All the patients were screened by the '*I-labelled fibrinogen 
test using the Pitman 235 isotope localization monitor (Kakkar 
et al, 1970). %*I-labelled fibrinogen (100 pCi) was given 
intravenously on the day of operation, after the thyroid gland 
had been blocked with sodium iodide. The patients’ legs were 
scanned 2h after the injection of the -labelled fibrinogen 
and then daily for 10 days. A second dose of 100 uCi was given 
on the fifth or sixth postoperative day. Deep venous thrombosis 
was considered present when a 20 per cent increase was 
observed in the radioactive value at the same place on two 
different days, or between two adjacent sites on the same day, 
provided that this increase persisted for more than 24h. 
Venography was performed whenever the increased radio- 
activity involved the popliteal or more proximal sites. 
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Results E 

Eighteen (20-5 per cent) of the 88 patients studied 
developed deep venous thrombosis. Thrombosis was 
bilateral in 7 and unilateral in 11 patients. It involved 
the right leg only in 5 and the left leg only in 6 patients. 


In 9 limbs thrombosis occurred between days Fand 3, 


in 7 limbs between days 4 and 7 and in 9 limbs 
between days 8 and 10. The increased radioactivity 
was first detected in the calf in 24 limbs and in the 


lower thigh in 1. Extension of radioactivity proximal 


to the knee was present in 6 limbs. Venography 
confirmed the presence of deep venous thrombosis 
proximal to the calf in these limbs. 

The relation of deep venous thrombosis to the 
operations performed is shown in Table I. Deep 
venous thrombosis occurred in 12 patients out of 36 
who had an abdominal aortic aneurysm and in only 
6 out of 52 patients who had occlusive aorto-iliac 
disease. This difference is significant (Table I). The 
mean age of the patients who had an abdominal 
aortic aneurysm was 60-2+9-4 years and that of the 
patients with occlusive aorto-iliac disease was 58-4 + 
10-6. 


Table I: DISTRIBUTION OF 88 PATIENTS 
ACCORDING TO TYPE OF OPERATION 


PERFORMED 
Operation No. of patients 


Abdominal aortic aneurysm 


Inlay tubular graft 27 (8) 

Bifurcation graft 9 (4) 
Occlusive aorto-iliac disease 

Bifurcation graft 32 (3) 

Endarterectomy 15 (2) 

lliofemoral graft 51) 
Total 88 (18) 


Figures in parentheses indicate the number of patients who 
developed deep venous thrombosis. 


Table H: PATIENTS DEVELOPING DEEP VENOUS 
THROMBOSIS (DVT) i 





No 
DYT DVT Total 
Abdominal aortic aneurysm 24 12 (33%, 36 
Occlusive aorto-iliac disease 46 6 (12%) 52 
Total 70 18 (20%) 88 


y? (with Yates’ correction) = 5-07, P< 0-05. 


Discussion 

The findings of this study demonstrate that the inci- 
dence of deep venous thrombosis in patients under- 
going major arterial reconstruction is 20-5 per cent, 
which approximates to that in general surgical 
patients at St Mary’s Hospital (Nicolaides et al., 
1972). 


* Vascular Laboratory, St Mary’s Hospital Medical School, 
London. 
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_ Administration of heparin during the operation by 
no means protects the patients against the possibility 
of developing deep venous thrombosis postoperatively. 
These findings confirm earlier suggestions that 
heparin given for a short period has a limited effect 
in preventing deep venous thrombosis (Gordon- 
Smith et al., 1972). 

It has already been shown that the incidence of 
deep venous thrombosis is high in ‘severely iP 
patients (Nicolaides et al., 1971) and that it is related 
to the severity of the operation (Nicolaides and 
Irving, 1975). It is interesting to note that the incidence 
of deep venous thrombosis in patients having an 
abdominal aortic aneurysm repair is higher (33 per 
cent) than in patients having an operation for occlu- 
sive aorto-iliac disease (12 per cent), Other factors, 
such as compression from gauze packs and retraction 
during operation, may also be responsible for the 
different incidence in these two groups. 

Recent studies with the '°I-labelled fibrinogen test 
have demonstrated that thrombi start in the calf 
during the first week after operation (Flanc et al., 
1968; Nicolaides, 1972). By recording the changes in 
the radioactivity in the legs it is possible to detect 
whether a thrombus is lysing or extending. It has been 
shown that the majority of the thrombi either lyse 
spontaneously within 3 days from the operation or 
remain localized to the calf. Only 22 per cent extend 
into and proximal to the popliteal vein (Kakkar et al., 
1969a). If the thrombosis is limited to the calf the risk 
of clinical pulmonary embolism is, for all practical 
purposes, negligible, but if the popliteal and more 
proximal veins are involved, the risk of pulmonary 
embolism rapidly increases to 50 per cent (Kakkar et 
al., 1969b). 

Although the incidence of deep venous thrombosis 
in the patients studied is relatively low compared with 
other surgical groups, there is a high incidence of 
thrombi extending proximal to the calf. Of the 18 
patients with deep venous thrombosis in the present 
study, 6 (33 per cent) extended above the calf. All the 
patients who had thrombosis extending above the 
calf were treated with conventional anticoagulation 
therapy (continuous infusion of intravenous heparin 
followed by oral anticoagulants). None of these 
patients developed clinical pulmonary embolism. 

We conclude that patients having aorto-tliac 
reconstruction, and particularly patients with abdo- 
minal aortic aneurysm, should have prophylaxis 
against deep venous thrombosis. 
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Phenol lumbar sympathectomy for severe arterial 
occlusive disease in the elderly 


F. B. V. KEANE* 


SUMMARY 

Phenol chemical lumbar sympathectomy is an additional 
aid in the management of ischaemic rest pain and 
incipient gangrene. This technique was used in 132 
elderly patients in Bath between September 1972 and 
March 1975 and the results are presented here. The 
patients were unfit for reconstructive arterial surgery. 
in this series an image intensifier was used in order to 
make the procedure safer. 

One hundred and twenty-six patients were available 
for review, their average age being 71-5 years. The 
average period of follow-up was 16-3 months. Of the 
126 patients, 111 were not diabetic, and of these 45 
(41 per cent) had satisfactory results while 17 (5-4 per 
cent) had persistent symptoms but had avoided ampu- 
tation. Thirty (27 per cent) patients required ampu- 
tation and 12 of these died as a direct result of this 
procedure. A further 19 patients in the non-diabetic 
group died during the period of follow-up. 

However, of the 15 diabetic patients, only 3 (20 per 
cent) improved whilst one patient with persistent 
symptoms avoided amputation. The remainder either 
died (8) or had an amputation (5) during the period of 
follow-up. Two died after amputation. 


LumBAR sympathectomy was introduced more than 
50 years ago by Adson and Brown (1929), but its 
physiological and clinical effects are still subject to 
controversy. Although at first it was mainly used for 
the relief of vasospastic disorders, for some years it 
has been applied to the management of atherosclerotic 
peripheral vascular disease (Smithwick, 1940; Atlas, 
1941). 

Initially, interruption of the lumbar sympathetic 
chain was achieved by surgery but in 1947 Mandi 
reported a successful method of blocking the chain 
using phenol injections. More recently, Reid et al. 
(1970) reported their experience of phenol chemical 
sympathectomy in a wide range of situations. Included 
in their paper was a description of a technique of 
chemical lumbar sympathectomy and its results. 

Peripheral vascular disease of the lower limbs in 
the elderly presents many problems, two of which 
have a considerable influence on management. First, 
the patient often has associated cardiovascular or 
respiratory disease of such severity that he may be 
unsuitable for any form of major surgery, or secondly, 
the occlusive disease may itself not be amenable to 
correction by arterial reconstruction. These patients 
are often treated by a wide variety of vasodilator 
drugs but, nevertheless, many still come to amputation 
which is associated with a high operative mortality 
and often produces taxing problems in the rehabilita- 
tion of the patient (Harris et al., 1974). 

Phenol chemical lumbar sympathectomtes were 
introduced in Royal United Hospital, Bath, in 1972 
and since that time 132 patients with peripheral 
vascular disease have been treated using this method. 
This paper analyses the outcome in this group of 
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patients and discusses the role of chemical sym- 
pathectomy in the management of ischaemic disease 
of the lower limb. 


Patients and methods 

Between September 1972 and March 1975, 132 patients were 
subjected to chemical lumbar sympathectomy for lower limb 
ischaemia. The patients were selected for sympathectomy by 
one surgeon from a vascular outpatient clinic on the basis that 
either the type of occlusive disease or the general physical state 
of the patients precluded restorative vascular surgery. More- 
over, the degree of ischaemia was sufficient in the majority to 
justify amputation. However, 6 patients had had previous 
vascular surgery and 3 patients had had a previous contralateral 
amputation. One hundred and twenty-two patients presented 
with severe ischaemic pain; the majority with rest pain whilst 
the remainder suffered from rapidly progressing intermittent 
claudication. Twenty-eight patients had some degree of tissue 
necrosis in the form of ulceration or gangrene, but there were 
10 patients whose presenting complaint was tissue necrosis 
without pain. 

The presympathectomy status of each patient was obtained 
by reviewing the hospital notes. The outcome of the procedure 
was ascertained either by interviewing the patient or by means 
of a questionnaire distributed to the family practitioner. Six 
patients could not be included in the analysis either because the 
records were incomplete or because the patients could not be 
traced; thus, 126 patients were available for survey. There were 
66 men and 60 women, their average age being 71-5 years 
(range 49-97 years), including 15 diabetics. Ninety patients had 
one block carried out on one side only, whilst 6 required two 
blocks on the same side and 30 patients had bilateral lumbar 
sympathetic blocks (Table I). 


Table 1: DISTRIBUTION OF PATIENTS ACCORDING 
TO TREATMENT RECEIVED 


No. of patients No. of blocks 


a eae aa ne NE SIRE RY eae SMES JENS REAM TS ACETAL HENCE 
Single unilateral block 90 90 
Two unilateral blocks 6 12 
Bilateral blocks 30 60 
Total 126 162 
Technique 


The lumbar sympathetic chain was injected at the level of the 
third and fourth lumbar vertebra using the technique described 
by Reid et al. (1970). A swinging-arm image intensifier (Philips 
BV 21) was used to adjust the final position of the needles. 
Repeated aspirations were performed to ensure that accidental 
puncture of the renal pelvis or blood vessels had not occurred. 
The correct plane for the phenol injection was achieved by the 
injection of 5 mi of air and 1-0 ml of meglumine iothalamate 
(Conray 280) through each needle. Air and contrast medium 
spread along the tissue planes in a characteristic pattern when 
the needles were in a satisfactory position. This method also 
warned of possible puncture of the dura or a dural prolongation, 
anticipating the hazard of paraplegia. Only after demon- 
stration of this pattern was 4 ml of 6 per cent phenol in water 
injected through each needle. l 

The technical success of the chemical sympathectomy was 
judged by observation of change in the colour of the skin, the 
presence of peripheral vasodilatation and the rise in skin 
temperature of the limb 1-2 hours after sympathectomy. The 
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JLTS OF LUMBAR SYMPATHETIC BLOCKS IN 126 PATIENTS 


No. of patients 
de patients til 45 


patients 14 


ont was also asked if the leg and foot felt warmer, though it 

s usual for rest pain to be relieved first and warmth to be 

.perienced later. 

All the patients were treated as day cases and poor physical 
condition was never considered to be a reason for withholding 
treatment. If the patient was receiving anticoagulants, the 
therapy was stopped 3 weeks before chemical sympathectomy. 

Puncture of a major vessel was a constant danger but careful 
and repeated aspiration demonstrated when a vessel had been 
punctured so that the needle could be resited before injection. 
There were no complications from this potential hazard, but 
genitofemoral nerve irritation was a common phenomenon, 
giving rise to paraesthesia in the groin. which in 2 patients 
persisted for 6 months. One patient complained of severe pain 
during the procedure, which was therefore abandoned, and 
she subsequently underwent a successful surgical lumbar 
sympathectomy. Three patients went into acute urinary 
retention and required catheterization for a few days. There 
were no deaths attributable to the procedure. 


Results 

A total of 162 sympathetic blocks using this technique 
have been carried out in 126 patients. The diabetic 
patients (15) are considered separately from the 
remaining group (Table H). 

The average time of follow-up from the date of the 
first sympathectomy to the most recent review 
(January 1976) or to death was 16-3 months (ranging 
from less than 1 month to 38 months). 

Of the 111 non-diabetic patients, 45 (41 per cent) 
reported that they had experienced a satisfactory 
improvement in their symptoms. Predominantly, 
this meant the relief of rest pain and a feeling of 
warmth and life in the limb. Seventeen (15-4 per cent), 
however, had persisting troublesome symptoms but 
had avoided amputation to date. In contrast, only 3 
(20 per cent) of the 15 diabetic patients improved 
while | patient still had a painful limb. The remainder 
had either undergone amputation or died before the 
follow-up investigation. 

Hamilton and Wilson (1952) have shown that 
patients undergoing sympathectomy often demon- 
strate a marked placebo response and it is worth- 
while recording that in this review 89 of the 126 
patients maintained that they had gained some 
benefit from sympathectomy, even if only for a short 
period of time. 


Amputations (Table IT) 

Five diabetic patients (33 per cent) and 30 (27 per cent) 
non-diabetic patients required amputation of the 
offending limb despite sympathectomy, including 3 
who required bilateral amputation. In the diabetic 
group all the amputations were performed within 
1 month of sympathectomy. In the remaining group, 
the interval between sympathectomy and amputation 
varied from less than 1 month to 27 months, with an 
average of 4-5 months. 


Deaths 
Thirty-one (28 per cent) of the 111 patients with non- 
diabetic peripheral vascular disease died during the 


Satisfactory 


Result 
Fair Amputations Death 
17 30 31 (12 after amputation) 


(3 bilateral) 
5 


1 8 {2 after amputation) 


period of follow-up, and of the 15 diabetic patients, 
8 have died. Of the total of 39 deaths, the mean 
interval between sympathectomy and death was 
7 months, but 7 deaths occurred within 1 month of 
sympathectomy. Almost one-third of the deaths (14) 
occurred after amputation. 


Discussion 

The results of chemical sympathectomy in this group 
of patients suggest that it can be offered as an alter- 
native to amputation as the primary treatment in 
elderly patients with severe ischaemic problems in the 
lower limb. All the patients in this series were 
threatened with loss of one or both limbs but in this 
group 41 per cent of the non-diabetic patients 
retained their limbs and had gained some sympto- 
matic benefit and in another 15 per cent, despite only 
a moderate improvement of the symptoms, amputa- 
tion has so far been avoided. 

It is firmly established that surgical lumbar sym- 
pathectomy can improve rest pain (Eastcott, 1973). 
Reid et al. (1970), using chemical sympathectomy, 
provided relief from rest pain in 76 per cent of their 
patients. However, Fyfe and Quin (1975) showed no 
improvement in symptoms of intermittent claudica- 
tion using chemical sympathectomy. In our group 
amputation was justified in the majority of patients 
and yet a relief from rest pain was achieved in almost 
half the non-diabetic patients. Not surprisingly, in 
such a group we did not notice any improvement in 
symptoms of intermittent claudication after sym- 
pathectomy. 

The results of chemical sympathectomy in the small 
number of diabetic patients with peripheral vascular 
disease in this series were disappointing. The majority 
of these patients had some degree of tissue necrosis 
and it is probable that there were neuropathic and 
infective elements as well as ischaemia underlying the 
problem. 

Kim et al. (1976), using operative lumbar sym- 
pathectomy in patients with inoperable arterial 
disease of the lower limb, suggested that 60 per cent 
of their group of patients avoided amputation. Their 
technique included a radical removal of the lumbar 
sympathetic chain from the diaphragmatic crus to 
where the iliac vessels cross the sympathetic chain. 
Chemical lumbar sympathectomy by the technique 
described in this paper does not provide such an 
extensive sympathetic ablation but, nevertheless, the 
percentage of limbs salvaged in this series (56 per cent) 
bears comparison with the results of Kim et al. 
Chemical sympathectomy offers considerable advan- 
tages when compared with surgical sympathectomy 
in that it is performed under local anaesthesia, with 
minimal trauma and with the patient being treated asa 
day case. It is therefore particularly suitable for many 
elderly patients in whom surgery carries a considerable 
morbidity and mortality. Furthermore, by avoiding 
amputation, the elderly patient may remain at home 
free from the attendant demands of rehabilitation. 
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Submucosal arterial malformation of the stomach as the 
probable cause of recurrent severe haematemesis 


in a 16-year-old girl 
MALCOLM H. GOUGH#* 


SUMMARY 

A 1/6-year-old girl who had previously been in good 
health suffered recurrent life-threatening haematemesis. 
The cause of this bleeding appeared to be the spontaneous 
rupture of an abnormally large submucosal artery in the 
stomach. The site of bleeding was eventually localized by 
coeliac angiography via an indwelling percutaneous 
femoral catheter. 


Case report 

A 16-year-old girl, who had previously always been in good 
health, developed sudden epigastric discomfort during her 
evening meal at school. The pain was quite severe for 15 min 
and was not accompanied by nausea or vomiting. It settled well 
enough to allow her an uninterrupted night's sleep. The follow- 
ing day she felt well apart from some nausea after a hastily 
eaten lunch, but in the early hours of the next morning, some 
30h after her initial pain, she awoke and vomited about 
200 ml of bright red blood. There was no question of any 
previous drug or alcohol ingestion, neither was there any 
relevant past or family history. She was admitted to hospital! 
for investigation 7 h later. 

Her general condition was good although she was pale. 
There was some abdominal distension but no tenderness. A 
barium meal examination was performed by an experienced 
radiologist and no abnormality could be demonstrated apart 
from blood clot in the stomach. Following blood transfusion 
the next day, fibreoptic oesophagogastroduodenoscopy was 
performed which showed a bleeding gastric mucosal tear 
anteromedially, just below the cardia. There was no other 
abnormality. A confident diagnosis of Mallory-Weiss syn- 
drome was made. Conservative treatment was instituted and 
initially appeared to be successful. However, slow deterioration 
of her haemoglobin level followed by another major haema- 
temesis on the eighth day after admission made operation 
necessary. 

Through a right paramedian incision the upper abdomen 
was explored. There was no visible or palpable abnormality of 
the stomach, duodenum or oesephagus apart from the con- 
tained blood. Anterior gastrotomy, however, revealed a 
mucosal tear high up on the lesser curve near the cardia. It was 
oozing but not bleeding freely. The tear was underrun with 
chromic catgut sutures and a gastrostomy tube was left in situ. 
There was no further bleeding until the third evening post- 
operatively and then again the following morning. Fresh blood 
transfusions were given and full investigation of the bleeding 
and clotting mechanisms showed no abnormality. Further 
surgery became mevitable, for it seemed that perhaps the 
catgut sutures might not have been sufficiently deep or proximal 
to arrest the haemorrhage. The original abdominal incision 
could not be extended upwards to obtain a better exposure and 
so a thoraco-abdominal approach was performed. Again no 
external abnormality was visible or palpable to account for the 
continued bleeding. The gastrotomy was reopened, the 
oedematous mucosal tear was clearly seen but it was not 
bleeding. The gastric mucosa generally was hyperaemic but was 
not ulcerated and no bleeding point was seen. The pylorus 
was opened to ensure that there was no pre-pyloric or duodenal 
ulcer. It was sutured transversely, and, as it seemed most 
undesirable in a person of this age to do a high gastrectomy, 
a truncal vagotomy was performed and the left gastric artery 
was ligated in continuity. There was no evidence of a pancreatic 
adenoma (and later gastrin levels have proved normal). 


There was apparently no further bleeding for the next 72 h 
but then further haematemeses occurred. A coeliac angiogram 
was performed under local anaesthetic by the percutaneous 
right femoral route. Apart from retrograde filling of what 
appeared to be the left gastric artery, no abnormality was seen. 
This was a disappointing and potentially serious negative 
result. Our inability to localize the bleeding point at this time 
was giving rise to concern and it was therefore decided to risk 
the possibility of arterial thrombosis and to leave the catheter 
in situ, with its tip at the level of the coeliac axis. It was 
obviously unwise to give antithrombotic or anticoagulant 
therapy to diminish the risk to the femoral artery. Twenty-eight 
hours later a rise in the patient’s pulse rate heralded another 
brisk haematemesis. A further fresh blood transfusion was set 
up and the patient was Immediately taken to the X-ray depart- 
ment and a second coeliac angiogram performed. The enlarged 
vessel thought previously to be the left gastric artery again 
filled in a retrograde manner, later than the splenic and hepatic 
arteries. It led directly to a point on the lesser curve where 
pooling of contrast medium in the gastric lumen was seen 
(Figs. 1, 2). The arterial catheter was removed and the patient 
transferred to the operating theatre, The right paramedian and 
the gastrotomy incisions were reopened and the stomach 
inspected. The mucosa was thickened and hyperaemic but there 
was no ulceration. There was also oedema of the muscularis 
so that the stomach wall was approximately I cm thick. Ata 
point about 3 cm below the lower limit of the sutured mucosal 
tear on the lesser curve a large arterial bleeding point was 
seen and clamped. The adjacent mucosa was in no way 
atypical. A Billroth I gastrectomy was performed, carrying the 
lesser curve excision up to the oesophagus so as to remove the 
original mucosal tear and the distal excision to beyond the 
previous pyloroplasty. Splenectomy was also necessary. A 
nasogastric tube was positioned to drain the gastric remnant 
and a jejunostomy was fashioned using a Foley catheter in 
order to assist decompression initially and to allow early 
feeding later. 

The patient spent the first postoperative week in the intensive 
therapy unit during which time she made slow but steady 
improvement without further haemorrhage. She was discharged 
home on the sixteenth day after this third operation. The 
histological report on the excised specimen showed non- 
specific inflammatory changes only. 

In the 18 months since discharge progress has been un- 
eventful apart from occasional and decreasing mild attacks of 
‘dumping’. There is normal arterial pulsation in the right leg. 
The paramedian scar became unpleasantly hypertrophic and 
this has now been excised and treated with superficial radio- 
therapy to a dose of 2000 rad by means of a temporarily 
implanted ‘iridium wire. 


Discussion 

In any analysis of the causes of haematemesis there 
has always been a ‘rare’ or ‘unknown’ classification. 
With the introduction of fibreoptic endoscopy this 
group has been reduced to approximately 5 per cent 
(Editorial, 1975), bleeding from multiple small 
erosions or from a proximal mucosal tear (Mallory— 
Weiss) being particularly amenable to diagnosis by 
this technique. 


* Consultant Surgeon, Radcliffe Infirmary, Oxford. 
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Fig. 1. Coeliac angiogram. 1, Right hepatic artery. 2, Middle 
hepatic artery. 3, Left hepatic artery. 4, Left gastric artery 
which appears large and rather irregular in outline. It had 
been ligated near to its origin during the second operation 
and in this series of films rapid retrograde filling was seen. 


During discussion, after the event, of the cause of 
this girls haematemesis, Sir Francis Avery Jones 
kindly drew my attention to the existence of the 
condition of a solitary, abnormally large gastric 
submucosal artery to which he had made reference 
when discussing the causes of haematemesis at the 
Fifth Symposium on Advanced Medicine at the Royal 
College of Physicians in 1969. One such case was 
included in his series (Avery Jones, 1969) and a further 
example was reported by Goldman (1964), who also 
reviewed 24 cases from the literature; the original 
description apparently was made in Paris in 1884. 

Bleeding is due to the erosion of a single large 
submucosal artery which has perforated the mucosa 
of the stomach, possibly by pressure necrosis, and 
presumably then undergone peptic digestion. The 
diagnosis may be difficult unless the bleeding point is 
seen at endoscopy or operation for the mucosal defect 
may be very small. Barium X-ray studies have proved 
unhelpful in diagnosis. 

Goldman describes the reported lesions as showing 
‘remarkable uniformity of both gross and microscopic 
characteristics’, namely a mucosal defect of 2-5 mm 
overlying a small rupture in an abnormally large 
submucosal vessel. This vessel may pursue a tortuous 
course through the submucosa for a variable distance, 
and although there appears to be no predilection for 
site, it is of note that in Goldman’s case the bleeding 
point was 4cm distal to the cardia on the lesser 
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Fig. 2. The contrast medium has cleared from the hepatic 
and splenic arteries but remains in the left gastric artery. 
This artery is partly obscured by the vertebral bodies but its 
terminal portion is clearly seen (arrowed) and there is early 
pooling of contrast medium in the gastric lumen. This 
terminal portion is probably an enlarged submucosal vessel. 


curvature—exactly the same site as in the patient 
reported here. Histological examination of the vessel 
shows the typical structure of an artery, although many 
times larger than the surrounding submucosal 
arteries. This atypical artery does not show the 
changes of arteriosclerosis which would be expected in 
aneurysmal dilatation from this cause, neither are 
there the endarteritic changes which accompany 
peptic ulceration of any duration. In the cases examined 
at autopsy no abnormality was found in any other 
splanchnic vessel, although there have been 2 case 
reports of a similar vascular abnormality causing 
haemorrhage in the jejunum (Levine and Valk, 1944; 
Rathmell et al., 1951). In neither of these cases was 
there an associated gastric vascular abnormality. 
Aneurysms of the splanchnic vessels are well 
recognized, the commonest being of the splenic 
artery. In a 10-year review of the literature relating to 
splanchnic artery aneurysms, Stanley et al. (1970) 
found that 58 per cent involved the splenic artery, the 
youngest patient presenting at the age of 26 years. 
They observed that splenic artery aneurysms usually 
occurred at a bifurcation of the artery and might be 
associated with medial degenerative changes in the 
arterial wall. They also noted an association between 
fibromuscular disease of the renal artery and splenic 
artery aneurysm. (No such associations have been 
noted in cases with an abnormally large submucosal 
gastric vessel.) Fifty-three patients were reported as 
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having gastric or gastro-epiploic aneurysms and almost 
all were diagnosed after rupture. Two-thirds of these 
ruptures were intraluminal, presenting therefore with 
haematemesis or melaena. "The youngest patient was 
an 18-year-old girl who had previously been involved 
in a major accident and was being investigated by 
coeliac angiography for massive gastro-intestinal 
haemorrhage. She had an aneurysm of the right 
gastro-epiploic artery. Mandelbaum et al. (1962) 
reported a patient with a ruptured gastric, intramural 
aneurysm which was clearly arteriosclerotic, and in 
their search of the literature relating to gastric aneu- 
rysms (which might just have overlapped that of 
Stanley et al.) they found 16 patients of whom the 
two youngest were 24 and 28. 

It seems probable that some of the lesions previously 
described as gastric aneurysms are examples of the 
different, probably congenital, malformation of an 
abnormally large submucosal artery and that this 
condition is unrecognized rather than rare. It is 
unfortunate that in the present case the vessel was not 
seen on histological examination but, because of its 
position, it was involved either in the line of excision 
or the high lesser curve suture. However, the appear- 
ances at operation and angiography leave little doubt 
as to its nature. 

The value of visceral angiography in the localization 
of occult gastro-intestinal bleeding is well recognized. 
It is not usually necessary as a routine investigation 
for haematemesis, but in those instances in which 
barium studies and endoscopy fail to produce a 
diagnosis, and especially when the haemorrhage is 
particularly brisk, its use should be considered, perhaps 
even prior to the other studies. It should always be 
done when bleeding persists after surgery for haema- 
temesis. In the present patient this was not the case 
because a mucosal tear had been seen. With hindsight 
there are three possible causes for this tear: it might 
have happened incidentally during the first act of 
vomiting blood, which seems the most likely; it might 
have been due to trauma from the endoscope; or it 
might have resulted from submucosal haemorrhage 
which then ruptured into the gastric lumen. If so, the 
rupture of the arterial wall may have been spontaneous 
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rather than secondary to acute peptic digestion, as has 
previously been suggested. 

This report also illustrates two other points. First, 
that bleeding from even so large an artery may be 
deceptively intermittent, and secondly, that the 
indwelling arterial catheter for angiographic localiza- 
tion of the bleeding point is of value when other 
methods have failed. The first angiographic study 
failed to show the site of bleeding, but the following 
day, immediately after vomiting fresh blood, a further 
injection of contrast medium into the coeliac axis 
clearly demonstrated the large bleeding artery. This 
young patient, who had already had two operations 
and more than 40 units of blood, was thus spared a 
Shee gastrectomy with its potential problems for her 

uture. 
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Congenital anal duplication: 


R. E. B. TAGART* 


SUMMARY 

Four cases of recurring para-anal sinus originating, it is 
suggested, as congenital duplication of the anal canal, 
are described. The diagnosis depends upon the finding 
of columnar mucus-secreting epithelium in a sinus 
track which does not communicate with the bowel 
lumen. The sinus may or may not penetrate the levator 
ani muscle, Treatment should be by excision of the 
sinus, rather than by laying it open into the anal canal. 
If the sinus is superficial, the latter operation will 
result only in delayed healing and prolonged con- 
valescence, but if it runs deep, there is a danger of 
causing incontinence or an extra-sphincteric fistula. 
Untreated lesions may eventually be the site of 
malignant change. This complication was not en- 
countered in the present series. 


Tuar anal infection should occur is not surprising 
since the locality teems with potentially pathogenic 
organisms. What is less easy to explain is the fact that 
an anal abscess, even after surgical drainage which, 
by ordinary standards, was adequate, is sometimes 
followed by the formation of a chronic fistula or 
para-anal sinus. 

Foreign bodies, peritoneal infection which tracks 
down through the levator ani muscles and specific 
conditions such as Crohn’s disease are primary 
causes. The successful treatment of these conditions 
will result in cure of the anal infection and they are 
not considered in this paper. 

Parks (1961) came to the conclusion that in 7-9 
fistulas out of 10, the infection originated in the plane 
between the internal and external sphincters of the 
anus and that it reached this plane by way of the anal 
gland ducts which lie between the two muscle layers. 
These ducts penetrate the internal sphincter to open 
into the anal canal. Later, Parks et al. (1976) de- 
scribed in considerable detail the various ways in 
which infection may spread into and around the anus 
and lower rectum. They implied that infection in an 
anal gland is still the most common initiating cause. 
Goligher et al. (1967) were not wholly convinced on 
the latter point. They found that in 29 cases of anal 
abscess there was connection with a crypt (the normal 
level at which the duct of an anal gland opens into 
the anal canal) in only 5, while dissection of 34 
cases of anal fistula disclosed the presence of an 
abscess in the intersphincteric plane in only 9. 

There seems, therefore, to be room for more 
speculation about the origin of anal infections, and 
the following case reports suggest a cause which may 
not be rare, since the patients presented within 1 year 
to a general surgical practice only partly orientated 
towards proctology. The condition has been described 
but the pathology is not, perhaps, as well known as it 
might be. Knowledge of the pathology provides a 
logical basis for simple, quick and effective treatment. 


Case reports 
Case 1: A housewife, aged 35 years, presented with a history of 
a recurrent chronic sinus to the right of the anus which had 
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a cause of para-anal sinus 


been present since the drainage of a “gluteal abscess’ when she 
was 8 years old. By the time she was seen in early July 1974, pus 
was discharging from the sinus at approximately 2-weekly 
intervals. At operation a ‘collar stud’ abscess was found. Part 
of the wall of the abscess was excised. No communication with 
the rectum or the anal canal was found. Four days later more 
of the ‘abscess capsule’ was excised. Failure of the sinus to heal 
prompted further surgical exploration on two occasions in 
January 1975. She was then referred to the author. The sinus 
was 9cm deep. A barium enema examination showed no 
abnormality. A sinugram (Fig. 1) showed a deep cavity. 
Operation in May 1975 revealed what appeared to be a 
squamous-lined cavity of an estimated diameter of 5 cm. This 
cavity lay above the levator ani muscle and to the right of, and 
behind, the rectum. No communication with the anal canal or 
rectum was found. As much as possible of its wall, which lay in 
very close contact with the rectum, was excised, and the wound 
was left open to heal by second intention. By November 1975 
the skin was completely healed. 

Pathology report (J. H. Dean): Microscopic examination 
showed anal epithelium with underlying fat, connective tissue 
and smooth and striated muscle, in which there were a number 
of small cysts. These were lined by a complex epithelium, 
partly columnar mucus-secreting and containing some goblet 
cells and partly stratified squamous. The contents were largely 
of mucin with some squamous cells and polymorphonuclear 
leucocytes. As the columnar epithelial components were 
clearly not of accessory skin, they must, in this situation, have 
derived from colonic epithelial elements. Also, below the 
surface anal epithelium were a number of epithelial clefts, 
mainly lined by squamous epithelium, but including some 
columnar epithelium. 


Case 2: Amale sales representative, aged 45 years, presented with 
a 5-year history of recurrent inflammation on the right side of the 
anus. On examination the opening of a sinus was found about 
2 cm from the right side of the anal orifice. Exploration under 
anaesthesia revealed that it was 3 cm deep and that the track 
inclined medially towards the anal canal, which, however, it 
did not approach closely. The track was steadied with a probe 
and excised completely. The wound was left open and was 
healed in 3 months. 
Pathology repert (J. H. Dean): Macroscopic examination 
showed an elongated piece of fibrofatty tissue (3 cm long x 
0-8 cm in diameter) containing a fistulous track for half its 
length. Microscopic examination revealed fibromuscular tissue 
with a central fistulous track lined by chronic purulent inflam- 
matory granulation tissue, which at one level in addition had a 
layer of mucus-secreting columnar epithelium. Elsewhere there 
were bundles of smooth muscle cut transversely and at one 
level a well-formed lymphoid follicle was present. 

The presence of mucus-secreting columnar epithelium in this 
specimen clearly pointed to a colonic origin, and this was 
supported by the accompaniment of rudimentary smooth 
muscle bundles and a lymphoid follicle. Stratified columnar 
epithelium was also present (Fig. 2). A few fields away and in 
continuity was mucosa of typical colonic type (Fig. 3). It 
therefore seemed a possibility that the surgical specimen under 
discussion represented a developmental abnormality. 


Case 3: A male infant aged 11 months presented with a history of 
recurring right-sided anal infection. He was also known to have 
a small ventricular septal defect in the heart. On examination a 
sinus opening was found to the right of the anus and an 
indurated track could be felt leading medially towards the anus 
(Fig. 4). Examination under anaesthesia revealed that the sinus 
penetrated the levator ani muscle. It did not approach the 


* Newmarket and West Suffolk Hospitals. 
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Fig. 2. Case 2. Cleft lined by stratified cubical and columnar 
cells and containing pus. (HE. x 260.) 
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epithelium from a para-anal sinus. (HE. x 112.) 


rectal wall at all closely. The sinus was completely excised and 
the wound left open. It was completely healed in 3 weeks. 
Pathology report (J. H. Dean): Skin with underlying fat, smooth 
and striated muscle was seen. Transverse sections revealed the 
superficial part of the sinus to be lined by chronic purulent 
inflammatory granulation and at a deeper level by rather 
distorted squamous epithelium. At the deepest level was a small 
cleft. The last was lined by complex epithelium predominantly 
and, next to the lumen, by stratified mucus-secreting columnar 
epthelium (Fig. 5). Deep to the surface layer the epithelium was 
stratified and thought to be squamous. 





Case 4: A 38-year-old male sales representative presented with a 
para-anal sinus. Mucin appears black. ( x 233.) 2-year history of recurring anal pain. For 3 months there had 





been intermittent swelling and discharge from the left of the 
anus. On examination there was a scar to the right of the anus. 
A sinus opening was present 3cm from the anus in the left 
anterior quadrant. An indurated track led from the opening 
towards the anus. Proctoscopy and sigmoidoscopy to 20 cm 
were normal. At operation the sinus was excised; it went very 
close to the anal mucous membrane but did not penetrate it, 
neither did it penetrate deep to the levator ani. The wound, 
which was deep and narrow, was packed to control bleeding. 
The pack was removed on the second day and replaced by a 
flat dressing. With this dressing and daily baths the wound was 
healed in 3 weeks. 

Pathology report (J. H. Dean): Macroscopic examination 
showed a portion of fatty tissue (3-5 cm long x up to 0-9 cm in 
diameter). Within the structure was a dark, central, clearly 
defined area (02cm in diameter). Microscopic examination 
revealed that in the majority of the levels of section the sinus 
was lined by chronic purulent inflammatory granulation tissue, 
but at 3 of the 11 levels there was a lining, or partial lining, of 
tall columnar mucus-secreting epithelium. Also at these levels 
externally there was a significant striated muscle component— 
presumably implying a relationship of the sinus with the 
levator ani or external anal sphincter. 


Discussion 

These reports are, it is suggested, of congenital 
duplication of the anal canal, a condition quite 
distinct from anal gland infection. Dukes and Galvin 
(1956) reported 10 cases, in 8 of which malignant 
change had occurred. They set out clearly their 
reasons for identifying the lesion. They considered the 
possibility that these tracks might arise from the anal 
intermuscular glands, but rejected it because of the 
very different nature of the cells of the lining epi- 
thelium. Certainly, in the cases reported here, although 
the sinus tracks in some ran very close to the anal 
epithelium, they did so at a level well above that at 
which the anal glands are known to lie. 

There is usually, but not always, a long history or 
the condition manifests itself early in life. The other 
feature essential for the diagnosis is the presence of 
columnar mucus-secreting epithelium in tracks which 
do not communicate with the anal or rectal lumen. 
The other epithelial tissues which line the anal canal 
are squamous and stratified columnar epithelium. It 
could be argued that squamous epithelium in a para- 
anal sinus is present as a result of growth inward 
from the skin opening, but such an argument does 
not hold good in the case of columnar mucus- 
secreting epithelium. 

That these duplications do not usually appear to 
communicate with the upper anal canal or rectum at 
the deep end is fortunate, because if they did, extra- 
sphincteric fistula (Parks et al., 1976), a very serious 
clinical problem, would not be as rare as it is. 

It is important that the condition be recognized for 
what it is and that injudicious or overvigorous prob- 
ing, resulting in the creation of a fistula where none 
previously existed, be avoided. If the sinus does not 
penetrate beyond the level of the upper anal canal, 
this mistake will result merely in delayed healing and 
unnecessarily prolonged morbidity. If, however, a 
false passage is made into the rectum, a near- 
incurable extra-sphincteric fistula may be created. 

The tendency for all tracks near the anus to be 
called fistulas sometimes leads surgeons to convert a 
sinus into a fistula in order to carry out the standard 
treatment of laying open the latter into the anal canal. 
Avoidance of semantic confusion should reduce the 
occurrence of this error. 
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Table I: CLINICAL FEATURES OF PARA-ANAL 
SINUS DUE TO ANAL DUPLICATION 


Relationship Healing 

Length to time 

Case of anal canal Depth of after 
No. Sex Age history or rectum sinus excision 


| F 35 yr 27 yr Very close Penetrated 6 mth 


levator ani 


2 M 45yr Syr Notclose Superficialto 3 mth 
levator ani 
3 M limth Short Not close  Penetrated 3 wk 


levator ani 
Very close Superficial to 3 wk 
levator ani 


4 M 38yr 2 yr 


Table I summarizes the clinical features and 
operative findings in the cases reported here. 
Other possible cases were encountered in the period 


under review. In one, a male in his thirties, the sinus — 


track was laid open into the anal canal after it had 
inadvertently been converted into a fistula by 
injudicious probing. Fortunately, the false passage 
was low in the anal canal and, although healing took 
longer than necessary, there was no impairment of 
continence. In another, a child of 7 years, recurrent 
abscesses in the right buttock and a persistent dis- 
charge did not cease until the sinus track had been 
completely excised. Unfortunately, a detailed micro- 
scopic examination of the removed tissue was not 
made. Other sinuses which were excised and did not 
contain columnar epithelium showed either a foreign 
body type of reaction or simply non-specific inflam- 
matory changes. 


Treatment 

Complete cure of the lesion is necessary both to 
relieve symptoms and to forestall the eventual 
probability of malignant change. 

If the condition first presents as an anal abscess, 
the cavity should be drained by simple laying open at 
a first operation. A sinus, when encountered either 
at the first consultation or as a sequel to the drainage 
of an abscess, should be carefully excised in order to 
eradicate completely mucus-secreting epithelium, the 
persistent presence of which will result in recurrence. 

The track is first carefully probed, along the line of 
induration leading towards the anus, in order to 
exclude the possibility of its being a fistula. If a 
fistula is found, it is laid open into the anal canal in 
the usual manner. Once the absence of an internal 
opening has been established, the probe is left in 
position and steadied by an assistant. After the skin 
opening has been excised by knife dissection, scissor 
dissection into the ischiorectal fossa is started. It is 
essential that a finger of the free hand is kept in the 
anal canal so that perforation of the anal or recta! 
mucous membrane is avoided. The operation may be 
simple or it may be made very difficult by post- 
inflammatory fibrosis or by the track running very 
close to the anal or rectal mucous membrane. The 
excision wound, which may be narrow and deep, is 
packed, if necessary, to control haemorrhage. The 
pack is removed and replaced by a flat surface 
dressing on the second or third postoperative day 
and the wound left open to heal by second intention. 
In most cases this takes only 2 or 3 weeks but dense 
fibrosis due to repeated infection or previous opera- 
tions may prolong the healing time. 


























ag | | . 

The case for anal gland infection being the most 
-eommon cause of chronic anal fistula is strong. 
: ‘However, anal abscess probably has other causes, 
- -direct infection of excoriated anal skin and infection 
of an anal haematoma being among these. Abscesses 


which recur or are followed by the formation of a 
chronic sinus may well have the aetiology described 


here. 
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Reviews and notices of books 


Scoliosis 
J. 1. P. James. Second edition. 245 x 190 mm, Pp. 348. Illustrated. 
1976. Churchill Livingstone: Edinburgh. £15, 


Over 20 years ago one can remember, late one night, Professor 
James himself meticulously punching out a massive card index 
system from his very personal series of many scoliotic patients. 
This book is the result of the many years of meticulous and 
exact recording of every detail from an extensive series. 

In the new edition there is much new material, especially 
dealing with surgical procedures and details of the modified 
Moe brace, with its manufacture and fitting. The bibliography 
has been updated and well selected. There is an interesting 
chapter on the medical aspects of this deformity by Dr. Zorab 
of the Brompton Chest Hospital. The inheritance of the three 
main types of scoliosis—idiopathic, congenital and in associ- 
ation with other disorders—-has been considered by Ruth 
Wynne-Davies. It is disappointing that although there are often 
‘strong genetic factors operating’ the effect is usually thought to 
be multifactorial, e.g. being transmitted both through genetic as 
well as environmental factors. Such a general definition must 
result from the present day inability to define clearly either the 
aetiology or pathogenesis of these conditions. Indeed the 
English-speaking world literature has been well researched for 
these two features, but little firm conclusion has been possible. 

This book bears the stamp of the master and contains a wealth 
of information, It is recommended reading for all who are 
involved in the management of these deformities or for those 
who hope to understand a little of their complexity. 

i R. B. DUTHIE 


The Spine: A Radiological Text and Atlas 
Bernard §. Epstein. Fourth edition. 255% 185 mm. Pp. 856 
+ xvii, with 541 illustrations. 1976. London: Kimpton. £2765. 


THis may well be the last edition of this work to appear, since 
the author announces his retirement from his academic and 
clinical posts in the preface. The book is described as the 
combined efforts of a radiologist, a neurosurgeon, an ortho- 
paedic surgeon, a neurologist and a pathologist. Although the 
book is predominantly one for the radiologist, its range and 
emphasis betoken the close clinical and pathological co- 
operation claimed for it. The writing has a somewhat old- 
fashioned flavour, one chapter, for example, being entitled 
inflammatory, Degenerative and Noxious Diseases of the Spine. 
This edition is larger and more comprehensive than earlier 
ones. The descriptive writing is good and the illustrations are 
nearly all of high quality. This is probably the best single 
textbook on the spine written for radiologists and should be 
available for reference and browsing in radiological and 
medical libraries. 

F. H. DOYLE 


Review of Medical Pharmacology 
Frederick H. Meyers, Ernest Jawetz and Alan Goldfien. Fifth 
edition. 260 x 180 mm. Pp. 740, with 66 illustrations. 1976. Los 
Altos, California: Lange. $12.50. 


New editions of this book appear every two years, so large 
sections of the latest edition are unchanged from the previous 
one. However, many detailed changes have been made to 
incorporate new knowledge and bring the work thoroughly up 
to date. 

The book is a comprehensive review of pharmacology and is 
arranged in sections dealing with drugs acting on different 
systems of the body or on micro-organisms. There is also a 
final section on toxicology which includes a chapter on common 
environmental toxic agents. The appendix (which deserves the 
status of a chapter) lists, with comments, changes which may be 
produced in the results of common laboratory tests by the 
administration of any one of over 150 drugs. 


Br. J. Surg. Vol. 64 (1977) 529-532 


Eminently readable, the text is intelligently illustrated with 
line drawings showing chemical formulae and schematic 
representations of biological processes. There are also many 
tables which bring together much information about related 
drugs or preparations. This allows the authors to concentrate in 
the text on principles of drug action. Each chapter ends with a 
short list of references to aid the reader in expanding his 
knowledge, but sometimes these seem to have been chosen with 
a transatlantic bias which does not immediately direct the 
reader to the best source of material. 

The European user of this book will frequently be aware of its 
American origin; there are interesting references to the Federal 
Drug Administration and to the procedure for introducing new 
drugs in the USA. In seeking to review medical pharmacology 
the authors might have compared this with procedures in the 
European Economic Community. 

J. H. WYLLIE 


Polypoid Lesions of the Gastrointestinal Tract 

Claude E. Welch Boston and Stephen E. Hedberg. Second 
edition. 240x 160mm. Pp. 220-+-xiii. Tlustrated. 1975. 
Philadelphia: Saunders. No price given. 


THe second edition of Pelypaid Lesions af the Gastrointestinal 
Tract has brought this popular monograph up to date. The 
original format has been retained and the important data from 
the Massachusetts General Hospital reproduced again. To this 
have been added the advances brought about by the advent of 
fibre-endoscopy in the past few years. 

Most of these polypoid lesions occur in the colon and rectum 
and there are good sections on the technique of colonoscopy 
and the way in which polyps should be removed. The authors 
give an authoratitive account of the management of polypoid 
lesions and state clearly the policy which should be adopted for 
polypoid adenomas with focal malignant change. 

This is a well-written, informative book which will be of value 
to the surgeon particularly interested in colorectal disease and 
to gastro-enterologists in general. 

P, R. HAWLEY 


Immunology for Surgeons 
Edited J. E. Castro. 220x 160 mm. Pp. 401 + viii. Illustrated. 
1976. MTP: Lancaster. £1250. 


WHAT immunology does the average practising surgeon need to 
know ? I suppose very little, for practical purposes, unless he is 
involved in a renal transplant programme or an oncology 
programme. Nevertheless, many of the exciting developments in 
the biological sciences in the past 20 years have been in the field 
of immunology, and indeed this period has been labelled the 
golden age of immunology, and it still continues to flourish. 
For this reason no practising physician can ignore the relevance 
of immunology to his specialty, for many, if not most, of the 
practical applications are still to come. 

Does this book of contributions serve the purpose of bringing 
immunology to the surgeon? Yes and no. For the surgeon such 
as the transplant surgeon or the oncologist, who is already 
familiar with basic immunology and wants an up-to-date 
review of immunological developments in fields other than his 
own this will prove a useful book. However, many of the 
chapters would be extremely daunting to the surgeon who is 
trying to get to grips with basic facts of immunology for 
essentially the first time, and so it certainly does not replace 
some of the excellent primers on basic immunology that are 
available. 

Having acquired a basic knowledge of immunology, this 
book does provide a good review of immunological knowledge 
that is relevant to the surgeon, or indeed any medical practitioner 


with a special interest. 
P. J. MORRIS 
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Applied Physiology of Respiratory Care 

John Hedley-Whyte, George E. Burgess HI, Thomas W. Feeley 
and Malcolm G. Miller. 235 x 160 mm. Pp. 552 ~+ xiii. Hlustrated. 
1976, Baston: Little, Brown. $22.50. 


THE preface to this book suggests that it is ‘a guide for physicians 
who care for critically ill patients’ and a source of information 
for examination candidates in medical and surgical specialties. 
It fulfils both of these aims to a considerable extent, but at the 
same time it should be stressed that it does not include all that 
the title suggests, and which British examination candidates will 
certainly require. It presumes a knowledge of respiratory 
physiology at a level far higher than that of the British Primary 
FRCS, there is, for example, no discussion of the physiology of 
acid-base disturbances, nor of respiratory failure and the 
principles, as opposed to the practice, of its treatment. More- 
over, the book is far from being comprehensive: | looked in vain 
for discussions on ‘shock lung’, on oxygen therapy with a mask, 
on the respiratory distress syndrome in premature infants and 
on the indications for-—-as opposed to the physiological effects 
of-—positive end expiratory pressure ventilation ( PEEP). There 
are over 2000 references, but these are patchy; in some cases a 
fact is supported by six or more references, but in other cases 
important facts, such as that carbon monoxide poisoning is 
accompanied by an increase of cerebral blood flow (p. 316), and 
that the maximum protein-sparing effect of glucose occurs with 
a daily intake of 100 g (p. 86), are not supported by references at 
all. 

In short, this is a book for the specialist in intensive care, for 
whom it should prove of great value. Certain sections, e.g. those 
on the effects of smoking on lung function. on massive blood 
transfusion and on parenteral nutrition, are strongly recom- 
mended to both FRCS and FFARCS candidates. 

G. RICHARD KELMAN 


Plastic and Reconstructive Surgery: Paris, 24-29 August 1976 
Edited Daniel Marchac. 240x 160 mm. Pp. 736, with 930 
illustrations. 1976. Paris: Masson. 390 F. 


THis volume records the proceedings of the 4-yearly inter- 
national congress of the International Confederation of 
Plastic and Reconstructive Surgery, which was held in Paris in 
1975. As such, it represents current thought and practice on all 
the subjects covered by this specialty. 

Some papers bring new ideas, whilst others restate accepted 
procedures or modifications of them. The number of papers 
presented was so great that the editor has been unable to 
include them all in full, and whilst this is regrettable for authors 
so penalized, it has the advantage of reducing repetition and 
making a better balanced book. It is beautifully produced and 
the illustrations are ample and clear. It will serve all who are 
engaged in this work, whatever their special interest, as a 
comprehensive reference book. 

The subjects which are of particular current interest are 
rightly given the widest coverage. Microvascular surgery and 
orbitocraniofacial surgery are good examples: both subjects in 
all their differing aspects are covered in depth by the papers 
which have been included. There are also good sections on 
basic principles and research, reflecting increasing attention, 
particularly by the younger surgeons, on the need to explore the 
fundamentals of tissue repair. 

Technical ingenuity is also, happily, in evidence, as, for 
example, in the reanimation of the palsied face by cross-face 
nerve transplantation, and also in several procedures described 
in the section on aesthetic surgery. It is perhaps a reflection on 
the lack of progress in the treatment of burns that this subject 
only attracted four individual papers, although this is, to some 
extent, countered by a good symposium covering skin storage, 
tissue typing and the problems of rejection. 

Round table conferences and the televized demonstrations of 
operations are also recorded. 

The volume reflects that plastic and reconstructive surgery is 
a Vigorous and growing specialty that is producing many new 
ideas whilst at the same time taking a critical look at the old 
ones. 

DAVID MATTHEWS 





Surgical Diagnosis 
George Qvist. 246 x 189 mm. Pp. 712, with 867 illustrations. 1977. 
London: Lewis, £15, 


A MAGNIFICENTLY illustrated book by a great teacher and a 
kindly examiner. Primarily directed at the undergraduate, it is 
of value to the young surgeon for its emphasis on the clinical 
approach to surgery. Some will criticize the didactic approach, 
but students still prefer this in a textbook. It covers the whole 
field, including a chapter on obstetrics and gynaecology. 

This is an important book which is likely to become a 
standard text for undergraduates. 


C. G. CLARK 


Myocardial Revascularization: A Surgical Atlas 
Quentin R. Stiles et al, 280 x 215 mm. Pp. 165. Ilustrated. 1976. 
Boston: Little Brown. No price given. 


Tus is a profusely illustrated textbook, devoted solely to the 
surgery of coronary artery disease. It is based on the results in 
over 2000 patients and contains a great deal of practical 
information for the guidance of the surgeon studying this work. 

The illustrations are mostly good quality original line drawings 
and for the most part amplify the text in a satisfactory fashion. 
There are particularly good illustrations, for example, of the 
means of identifying the hidden left anterior descending artery 
and the obtuse marginal branch of the circumflex artery, 
showing how it proves to be quite Jarge when it may appear to 
be a mere thread. There are detailed descriptions of anastomotic 
techniques, including such practical points as how to deal with a 
twisted graft. 

The authors employ interrupted suture techniques which are 
well established but probably not the most commonly used by 
the majority of surgeons. There is adequate discussion of the 
place of endarterectomy. The authors’ technique of myocardial 
preservation is given in detail together with a useful discussion 
of the place of other methods. There is a useful description of 
internal mammary artery anastomosis. There is also a brief 
account of coronary surgery combined with valve replacement 
and of operation for left ventricular aneurysm. 

Unusual for a book of this type is a fairly detailed consider- 
ation of the postoperative care and a final chapter on the 
results of surgery. 

This volume, though not an all-embracing account of the 
problems of management of myocardial revascularization, 
represents a satisfactory practical handbook for those who 
require guidance in the methods available. It can be recom- 
mended with confidence. 

H. H. BENTALL 


Classics of Orthopaedics 
Edited Edgar M. Bick. 250 x 180 mm. Pp. 541 + xviii. Ilustrated. 
1976. Oxford: Blackwell Scientific. £22. 


DipPpinG into various parts of this anthology has been one of the 
more pleasant of the holiday chores. The book is very well 
printed and beautifully bound to give a most satisfying leathery 
feel. Tables, illustrations and diagrams, for the most part, have 
been purposely omitted to allow the text to follow smoothly 
and effectively in essay form. The editor, Dr Bick, points out 
that the contents cannot be regarded as freely chosen, but even 
so there has been an excellent selection of work by American 
contributors and, reasonably less so, of work from European 
sources, since most of this historical material has come from the 
library of the New York Academy of Medicine. 

The recording of accurate data and the ability to make 
original observations and conclusions are a hallmark of many of 
the earlier orthopaedic classics. This is one of the many reasons 
why this book should prove most worth while to all modern 
authors. At the present time too much is written to record data 
without any attempt at reaching conclusions or indeed to 
advance the subject. The past masters had the necessary skills 
and perhaps more importantly the patience and wisdom to 
publish only when they had something worth while to say. A 
jolly good book for all orthopaedic libraries and heartily 
recommended. 

R. B. DUTHIE 





Plastic and Reconstructive Surgery of the Breast 
Edited Robert M. Goldwyn. 255 x 190 mm. Pp. 565. Illustrated. 
1976. Boston: Little Brown. $48.50. 


Taus is an enjoyable and useful book, which | can unreservedly 
recommend to all plastic surgeons. There are 50 contributing 
authors, alas none from the British Isles. It will be of interest to 
those general surgeons dealing with diseases of the breast, for it 
demonstrates the possibility of breast reconstruction and it 
discusses the desirability or otherwise of embarking on this 
surgery after treatment for malignant disease. 

The book starts with the history of mammoplasty. It is 
intriguing to read of what methods have been tried and how 
much of what we think is new has been done before. Then 
follow accounts of the anatomy, endocrine physiology and 
pathology of the breast. The emotional attitudes to cosmetic 
surgery are considered by a psychiatrist who describes a small 
series of 10 cases. Screening techniques before and after surgery 
tend to be overlooked by plastic surgeons, so the chapter on the 
methods of mammography and the interpretation of the results 
is important. 

The second section of the book deals with the methods of 
breast reduction. The techniques are for the most part described 
by the originators but at the end of each chapter is a commentary 
on the method by another author. This is useful, as it highlights 
the good and the bad points, although it sometimes tends to 
lead to repetition. 

The third section mainly deals with breast augmentation but 
also chest deformity and the problems of burn scarring in this 
area. | would have liked to see a little more on the management 
of the retracted nipple, which is rather briefly considered. 

The fourth section of the book is most interesting, as it deals 
with the surgery of premalignant breast disease and recon- 
struction after removal of malignancy. Opposing views are 
clearly stated and interesting variations in surgical technique 
are presented. 

There is a final chapter on the problem cases, some of which 
are instructive and others not so helpful. 

The book is well illustrated with many photographs and line 
drawings of a high standard. There are many useful references. 
Despite the multiple authorship, the style is uniform and easy to 
read. 

B. D. G. MORGAN 


Surgical Immunology 
Edited Andrew M. Munster. 230% 155 mm. Pp. 327 + vii. 
illustrated. 1976. New York: Grune & Stratton. No price given. 


Wuen confronted by titles such as Surgical Immunology one 
wonders whether the immune response is a different pheno- 
menon for surgeons than for anybody else, or whether, in fact, 
there is a separate requirement in the surgical sciences. If the 
aim of this book was to provide a focus on immunology 
relevant to surgical practice, then it has not quite succeeded, 
because a number of chapters are manifestly concerned with 
subjects that surgeons do not encounter. There are, for example, 
chapters on primary immunodeficiency syndromes, acquired 
immunodeficiency disorders and polyclonal and monoclonal 
gammopathies. There are also very adequate chapters on 
basic immunology, the immunobiology of transplantation and 
clinical organ transplantation with good chapters on cancer 
immunology and HL-A antigens and disease associations. At 
the end of the book there is a potentially useful section on 
laboratory techniques, which describes in detail the methods 
of performing a variety of common tests used in assessing the 
immune system, such as typing of lymphocytes, lymphocyte 
culture reaction and lymphocyte transformation. 

Although the book is well written and fairly comprehensive, 
it cannot be said to describe surgical immunology alone 
because of its coverage of topics not normally in the surgical 
repertoire. As a result, it falls between a number of immuno- 
logical stools and is neither a comprehensive book for surgeons 
nor physicians, but more a useful. résumé of a number of 
currently popular immunological themes. 

P, R. F. BELL 
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Wound Repair 
Erle E. Peacock and Walton Van Winkle. Second edition. 
236 x 160 mm. Pp. 699--xie. Illustrated. 1976. Philadelphia: 
Saunders. $24. 


Tras is the second edition of an important book dealing with all 
aspects of repair of tissues. It provides an excellent and balanced 
view of current knowledge but has the most infuriating (at least 
to me) omission of references in the text, leaving suggestions 
for further reading at the end of each chapter as the sole means 
of obtaining further information. For this reason it will be 
criticized by the research worker and yet presumably it is a 
book designed for the specialist. 

There is much good advice on repair of different tissues 
but the book is rather bulky for those who prefer succinct 
instructions, Not for the personal book shelf but certainly for 
the library. l 

C. G. CLARK 


Postgastrectomy Syndromes. Problems in Clinical 
Surgery, Vol. XX 


Frederic L. Bushkin and Edward R. Woodward. 235 x 160 mim. 


Major 


Tais is an excellent multi-author monograph from the Florida 
College of Medicine which deals in detail with the pathogenesis 
and management of the varied problems that afflict some 
patients after gastric surgery. The title is misleadingly restrictive 
in that postvagotomy syndromes are considered as well as 
those after gastrectomy. 

Anyone seeking a descriptive account for these man-made 
disorders will find this volume thoughtful, mature in outlook 
and reasonably comprehensive. It is a pity, however, that the 
authors did not think to include discussion on the general 
management of this most difficult group of patients. One 
blessing is the almost complete absence of comparative statistics 
to rehearse yet again the arguments for and against the different 
operations for ulcer. With so many books on gastric surgery 
and its after-effects already available, it is rather difficult to find 
justification for yet another-—even one of high quality. If, as I 
believe, current and future advances in anti-secretory drugs are 
going to diminish the need for elective duodenal ulcer surgery 
to negligible levels, it seems quite likely that books on this 
subject will quite soon become of historical interest rather than 
of immediate professional and practical value-—a depressing 
thought for some of us! Despite its undoubted calibre, I cannot 
see this particular contribution enduring any more or less 
successfully than {ts many competitors. 

A. G. COX 


Clinical Paediatric Sargery—-Diagnosis and Management 
Edited P. G. Jones. Second edition, 235x 153 mm. Pp. 586- 
xiv. Hlustrated. 1976, Oxford: Blackwell Scientific. £10-00. 


Tuis is the second edition of a book originally published in 
1970 as part of the centenary celebration of the Royal Children’s 
Hospital of Melbourne, and the senior author and editor. 
Peter Jones, who has personally written about one-third of it, 
must be congratulated on its success and on this new edition. 

There have been many changes in emphasis in paediatric 
surgery since the first edition and some chapters have been 
partly or completely rewritten. The attitude to some new modes 
of investigation is perhaps cautious. 

Although the organization of the chapters is mixed, some 
being systematic, such as oesophageal atresia and anorectal 
anomalies, and others on signs or symptoms, such as Vomiting 
in the first month, and The child with ‘wetting’, the arrangement 
within the chapters is consistent and systematic, the information 
is well organized and set out and this is a helpful book. 

The illustrations are good. so is the index and there is a list 
of recommended reading at the end of each chapter. This book 
is aimed primarily at the senior medical student to whom it can 
be strongly recommended. It may also be of much use to the 
general surgeon faced with paediatric problems. 

A. W, WILKINSON 
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On the Shoulders of Giants 
J. H. Boyes, 230x 1355 mm. Pp. 
Philadelphia: Lippincott. £16-00. 


Turis scholarly and admirably produced book deals with those 
who, over the centuries, have contributed to the surgery of the 
hand. It takes the form of biographical sketches, each supple- 
mented by a portrait and facsimile of the title page or text of 
the subject’s important contribution. 

The author has interpreted the term ‘hand surgery’ freely 
and has included not only surgeons, but anatomists, pathologists 
and neurologists or anyone who has influenced this subject. 

Chronologically the litany of great names starts with Wirtz 
and Lapeyronie and passes through the era of Camper, 
Heberden, Cooper, Colles and Bell to Dupuytren, Duchenne, 
Little and those whose working life extended into this century. 
Among the more recent surgeons there is a concise appreciation 
of the contributions of such men as Robert Jones, Bunnell, 
Gilles, Mayer and Mason, but the author is at pains to empha- 
size the broad general approach to his subject and, though not 
using the term ‘regional surgery’, he is at pains to avoid de- 
scribing hand surgery as a limited specialty. 

Only one woman features in the sketches—Augusta 
Klumpke, who was born in San Francisco, moved to Lausanne 
and became the first woman to become an intern and extern in 
Paris when, at the age of 26, she published her celebrated work. 
She later married Déjerine. 

Some of those described lived an academic life with little 
fluctuation in their careers, but others had a more adventurous 
existence. John Reissberg Wolfe, who gave his name to the 
full-thickness skin graft and who is not to be confused with 
Julius Wolf of bone growth fame, was born in Breslau and at 
the age of 26 went to Glasgow where he became tutor in 
Hebrew to the Free Church. He published a Hebrew Grammar 
before qualifying in medicine. He then spent 2 years in Salonika 
before studying ophthalmology in Paris as well as serving in 
Garibaldi’s army for a time. The appeal of Scotland brought 
him to Aberdeen for 5 years before he returned to Glasgow to 
work at the Royal Eve Infirmary where he published a massive 
tome on disease of the eye. At the age of 65 he was made 
professor at St Mungo’s, but left to practise in Melbourne for 
some years before retiring finally to Glasgow! 

One can only be grateful to the author for bringing together 
so many fascinating and anecdotal details of some of the 
famous names in medicine. 


222+-xii. MMlustrated. 1976. 


SIR THOMAS HOLMES SELLORS 


Operative Surgery 

General editors Charies Rob and Rodney Smith. Third edition. 
275x 220 mm. Pp. 354. Illustrated. 1976. London: Butterworths. 
£25-00. 


In the past two editions of this well-known work the field of 
ear, nose and throat surgery has been encompassed in one 
volume. However, advances in the field of otology during the 
past six years have necessitated an expansion of this subject 
and the present editor has very sensibly enlisted the help of 
well-known international authorities to write on operations 
that they themselves have, to a large extent, pioneered. 

In his introduction, the editor indicates that each author has 
been given almost complete freedom to express his own ideas, 
which is commendable, but unfortunately there does appear to 
be some duplication and overlap in the subject matter. How- 
ever, this does not detract from the overall fine quality of this 
work. 

The chapter on surgical approaches to the middle ear and 
mastoid is sound, but one doubts the necessity for introducing 
this, for what is stated by the author here is amply repeated 
later by other contributors. Our North American colleagues 
may regard some of the writing as a little curious; for example, 
when advice is given on removing a foreign body from the ear, 
it is suggested that if the foreign body is inanimate, the object 
should be killed by chloroform and then syringed, using normal 
saline at ‘blood heat’. The blunt end ofa fine hairpin is suggested 


as a means of removing a foreign body. I doubt whether there 
is any necessity to include such advice in a work of this nature. 

A chapter is devoted entirely to the simple procedure of 
myringotomy, and although it is soundly written one wonders 
whether it is somewhat of a waste of paper to introduce a 
diagram of a myringotome almost 12 cm in length and also of 
a simple sucker of a similar length. If the student in training 
could not recognize these simple instruments, then I doubt 
whether he should be allowed to perform this minor procedure. 
In the same chapter, it would have been useful to have had 
some advice on the long term management of the ‘glue ear’ 
and a note should perhaps have been added on the plethora of 
tubes available and an outline of the advantages and disadvan- 
tages of the various types. 

The editor has written a good chapter on stapedectomy and 
it is well illustrated. Outstanding chapters have also been 
written on the combined approach tympanoplasty, the use of 
homografts and the translabyrinthine and middle fossa 
approaches to the internal auditory meatus. 

Undoubtedly, this is a major contribution to the series of 
Operative Surgery and the editor should be congratulated on 
covering his difficult task so well. Rationalization in the format 
of the chapters will undoubtedly occur in future editions but 
this should not detract from the value of this present excellent 
work. 

D. GARFIELD DAVIES 


Principles for First Aid for the Injured 

H. Proctor and P. S. London. Third edition. 215% 135 mm. 
Pp, 284+-xiv. Illustrated. 1977. London: Butterworths. £6-25 
cased, 


In 1973 more than 16 000 people in England and Wales died in 
accidents, the majority on the roads or in their homes. There 
were more than 82000 seriously injured victims of road 
accidents, 692 deaths at work and about a quarter of a million 
notifiable industrial accidents. Against this enormous back- 
drop of trauma, it is obvious that a great deal can be achieved 
in the way of relief of suffering as well as saving of life by the 
effective training of first aid workers of all types—from the 
professional ambulance man to the boy scout. Principles for 
First Aid for the injured was first published in 1962 as a textbook 
for medical men in the first aid movement and for senior non- 
medical teachers and practitioners in this field. The third 
edition brings it completely up to date fer those who are 
concerned with instructional courses in first aid. As well as the 
usual sections on fractures, head injuries, burns etc., there are 
useful chapters on organization and on the transportation of 
the injured. This book remains a tribute to its source of origin, 
the Birmingham Accident Hospital, and can be recommended 
to those concerned with the modern teaching of first aid. 

H. ELLIS 


Diseases of the Liver and Biliary Tract. Standardization of 
Nomenclature, Diagnostic Criteria and Diagnostic Methodology 
Edited Carroll M. Leevy, Hans Popper and Sheila Sherlock. 
230% 150 mm. Pp. 212-+-xiv. 1976. Washington: The John E. 
Fogarty International Center. 34.90. 


SPONSORED by the John E. Fogarty International Center for 
Advanced Study in Health Services and the International 
Association for the Study of the Liver, this slim volume, 
prepared by an international team of experts, sets out an 
agreed nomenclature for diseases of the liver and biliary tract. 
For each condition the definition and clinical and pathological 
criteria are given succinctly, together with aetiological criteria 
and rejected nomenclature where appropriate. The aim of this 
book is to provide an internationally accepted uniformity in 
the nomenclature of these diseases, and as such it should 
fulfil a useful purpose, especially in conditions such as the 
various types of hepatitis and cirrhosis where confusion has 
arisen from the use of different terms to describe the same 
condition. A book for reference libraries and the expert in this 
field, not for the general reader. 


L. P, LE QUESNE 


a 


SUTURE PLACEMENT 





ademark 


CONTROLLING BOX) 


The ability to en i $ 
the passage of a needle 
through tissue is of 
particular importance in 
the placement of gastro- 
intestinal sutures. 
Realising this, ETHICON* 
developed a needle the 
penetration of which was 
not only substantially 
improved, but significantly 

SE smoother than previous 
needles of thist type. A a aa in the body 
design of the needle also improved stability in the 
needle holder. These factors now offer the surgeon a 


dramatic increase in the The Instron testing machine | This shadowaraph high 
ability to control suture ee, per sR se S h buone ss the point 


leather. 


placement and are of special 
advantage when suturing 

deep or confined anatomical | 
areas. 


MEETING THE CHALLENGE 
Suture requirements and | 

wound closure techniques are FORCE EXERTED NEW OLD 

constantly subject to reevaluation OOTO eee TETE ENS 

and change. At ETHICON we are very much a part of this 

process and welcome the challenge it offers. We put our 

considerable research, development and manufacturing 

resources to work to produce still better needle designs and 

suture materials. 





FIHICON 


SERVICE TO SURGERY 








© ETHICON Ltd., 1976 ETHICON LTD., Bankhead Avenue, Edinburgh EH11 4HE, Scotland 


no other wo 


-is big enough fo 





Printed in Great Britain by John Wright and Sons Lid, at The Stonebridge Press, Bristol BS45NU 








Fybranta in diverticular disease 


In a recent clinical trial published in the British 
Medical Journal* a comparison was made between 
three forms of treatment for patients with sympto- 
matic diverticular disease. The authors concluded 
from this study that Fybranta Tablets are more 
effective than a high-residue diet or a bulking agent. 


Fybranta did not merely improve the symptoms, the 
paper states that Fybranta also normalized the 
pathophysiological changes which diverticular 
disease brings about. 


60% ofthe patients were entirely symptom free after 
only one month on the Fybranta regime. In addition, 
in all patients stool weight increased significantly; 
transit time was reduced by nearly a half and intra- 
colonic pressure was reduced to within normal limits. 


Fybranta tablets are easily carried when the patient 
cannot eat at home. Chewed with a drink, they sup- 
ply a day's cereal fibre in a highly acceptable form. 
Each tablet contains: Bran 2g. 

*Brit med J (1976) 1, 989-990, 
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Further experience in clinical 
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2 Recurrence 

A group of duodenal ulcer 
patients was followed for periods of 
up to 6 months after completing 4-6 
weeks ‘Tagamet treatment, 
Preliminary results show that the 
incidence of relapse was no greater 
than in a similargroup whe had 
healed their ulcers on i placebo." 2i 
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3 Maintenance 
377 chronic duodenal ulcer 
patients, who had healed their ulcers 
after 4-6 weeks treatment were 
entered into controlled, double-blind 
maintenance trais. They were 
maintained on Tagamet or placebo 
therapy, at areduced dosage, for. 
periods of up to 8 months. Results 
from these ongoing studies have 
shown that only 3.7% of the ‘Tagamet 
group relapsed" compared with 
42.1% of the group who were 
maintained on placebo. 
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Until recently, a diagnosis of malignant melanoma was regarded as a death sentence. This need no longer be 
the case, however, if the condition is diagnosed and treated quickly. 


The doctor seeing a patient who may have malignant melanoma must solve several problems, the first being 
the considerable one of obtaining an accurate diagnosis. The clinical presentation and pathology of the disease 
are therefore dealt with in detail. The next problem is to decide which treatment is most appropriate. The 
writer here describes one particular method of treatment of which he has experience and the results which 
have been obtained. If the initial treatment fails, however, the doctor must deal with the problems of 
recurrent or possibly incurable disease. The management of such cases, including the care of the dying 
patient, is covered in detail. 


The contents of this book are soundly based on the writers’ extensive experience of malignant melanoma. 
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... You can insist on Hollister’ appliances 


You know that a critical part of postoperative 
stoma care is getting the patient to adapt mentally. 
If this fails, the surgical effort is poorly rewarded 
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normal life. A leaky, uncomfortable or cumbersome 
appliance can cause endless problems — right from 
the beginning. 
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Small bowel ischaemia and infarction in young women 
taking oral contraceptives and progestational agents 
M. HOYLE, A. KENNEDY, A. L. PRIOR AND G. E. THOMAS#* 


SUMMARY 

Case histories of three young women who suffered 
small howel infarction associated with oral contra- 
ceptives and progestational agents are presented. Two 
infarctions were due to superior mesenteric artery 
thrombosis and one to superior mesenteric vein throm- 
bosis. All of these patients were of blood group A and 
smokers, factors which are known to predispese to 
vascular thrombosis. A study was made of 18 additional 
cases reported in the literature. It was found that 
many of these cases presented with a history of 
symptoms of 2 weeks or more and at operation some 
of the cases appeared to be reversible. One case was 
reported where apparent reversion of the process of 
vascular thrombosis occurred after cessation of the 
oral contraceptive. 


Case reports 

Case 1: K.H, a 27-year-old housewife with 4 children, 
presented on 8 July 1972 with a 24-hour history of abdominal 
pain and vomiting. This patient had been taking an oral 
contraceptive for 24 years and was a heavy smoker. On 
examination, she was obese and febrile with abdominal 
tenderness, most marked on the right side. Her white cell 
count was 20 000/mm' and her blood group was A Rh positive. 
She deteriorated over the next 2 days and at laparotomy a 
105-cm length of necrotic small intestine was résected and an 
appendicectomy performed. The superior mésenteric artery 
could be felt pulsating. Three days later a second laparotomy 
was performed and gangrenous bowel, consisting of caecum, 
ileum and most of the remaining jejunum, was resected. Her 
postoperative fibrinogen degradation products were 40 ug/dl 
and her fibrinogen level was 700 mg/dl. Heparin was given 
but after 3 days a faecal fistula developed requiring a third 
operation for its closure and the drainage of a right subphrenic 
abscess. The faecal fistula reoccurred 24h later and for 
19 days she was managed conservatively. A fourth operation 
with a minimal resection of small intestine was required to 
close the fistula. The patient made a steady recovery in spite 
of poor intestinal absorption with only 25cm of jejunum 
remaining. 

Macroscopic examination of the first resected specimen 
showed a 105-cm length of jejunum with three obvious areas 
of necrosis. On either side of these areas the bowel wall was 
intensely congested. Microscopic examination showed con- 
gestion and oedema of the submucosa with extensive areas of 
necrosis of the mucosa. There were a large number of arterioles 
in the submucosa occluded by fibrin thrombi. Similarly, 
sections from the mesentery showed vascular congestion with 
many small arterioles blocked by fibrin thrombi. Only 
occasional venous thrombi were seen. 
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Subsequent resected specimens showed similar changes 
(Fig. 1), most of the thrombosed blood vessels being small 
arterioles and branches of the superior mesenteric artery. 


Case 2: J. B., aged 42, was a housewife with a 19-year-old son. 
She presented with a 7-month history of abdominal pain, 
diarrhoea and rectal bleeding. This patient had been taking a 
progestational agent.for 34 years and smoked 60 cigarettes a 
day. The progestational agent prescribed for menorrhagia was 
stopped with the onset of her bowel symptoms, 7 months 
before her admission for investigation on 12 May 1973, Over 
the following week she became progressively worse with fever 
and severe abdominal pain. Abdominal radiography during a 
severe exacerbation of the pain showed gas under the dia- 
phragm (Figs. 2, 3). Her white cell count was 19 000/mm? and 
her blood group was A Rh positive. At the first laparotomy, 
the ileum, caecum and ascending colon were inflamed and con- 
gested. There were three perforations of the small intestine and 
an abscess around the gallbladder. A right hemicolectomy was 
done, the jejunal perforations oversewn and the abscess near 
the gallbladder drained. Her recovery was complicated by a 
staphylococcal septicaemia which was cured with antibiotics. 
Ten days after the operation rectal bleeding occurred; the 
fibrinogen degradation products were 240 ug/di and the 
fibrinogen level was 436 mg/dl. Heparin was given but after 
7 days a faecal and a biliary fistula appeared. At the second 
laparotomy on 20 July 1973 a cholecystectomy was done, 
intestinal adhesions were divided and a small faecal fistula 
at the site of the intestinal anastomosis was oversewn. Two 
days later the faecal fistula reoccurred, and at the third 
laparotomy a necrotic segment of jejunum was resected and 
three further jejunal perforations were oversewn. The faecal 
fistula reoccurred after 2 more days. The patient's platelet 
count had now risen from its original level of 360 000/mm® to 
739 000/mm* and the peripheral blood film showed Howell 
Jolly bodies. Following a month of conservative management 
a fourth laparotomy was performed. A minimal resection at 
the site of the anastomosis was required to close one fistula 
and a perforation of the jejunum was oversewn to close the 
second fistula. She died on the third postoperative day and a 
post-morten examination was performed. 

Macroscopic examination of the first specimen showed 
that it consisted of 30 cm of ileum and 14 cm of caecum and 
ascending colon. There were two perforations of the ileal 
specimen with a serosal exudate and congestion of the mucosa 
nearby. Microscopic examination showed fibrin thrombi in 
the vessels of the lamina propria. These produced scattered 
areas of ulceration of the mucosa and submucosa resulting in 
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Fig. 1. Photomicrograph of the second specimen taken 
from the first patient. This shows thrombosis in two small 
mesenteric arteries. 





Fig. 2. Supine abdominal radiograph of Case 2 taken 
preoperatively. This shows moderate distension of the 
stomach, small intestine and caecum. 


the two perforations. Throughout the entire specimen there 
was congestion of the submucosal blood vessels and in some 
areas of the colon adjacent to the congested blood vessels 
there were submucosal collections of foreign body giant cells, 
suggesting earlier lesions which had healed. 

Examination of the gallbladder, removed at the second 
operation, showed chronic cholecystitis with fibrosis and 
vascular congestion. The specimen removed at the third 
operation was a 27-cm length of jejunum. There was a marked 
serosal exudate and a single pinhead-sized perforation in the 
antimesenteric border. Microscopic examination showed 
lesions similar to those seen in the ileum removed with the 
first specimen. No fresh lesions were found in the specimen 


removed at the fourth operation and there was evidence of 


healing, shown by epithelial regeneration and blood vessels 
showing recanalization. 





Fig. 3. Erect abdominal radiograph of Case 2 taken 
preoperatively. This shows gas under both lobes of the 
diaphragm and fluid levels in loops of small intestine. 





Fig. 4. Resected specimen from Case 3. This shows 
congestion and haemorrhagic infarction of the small 
intestine due to thrombosis of the superior mesenteric vein. 


At post-mortem examination the superior mesenteric 
artery was seen to be occluded by an organizing thrombus, 
the spleen was small and contracted and weighed 25 g and 
there was thrombosis of the left inominate vein. Death was 
due to generalized peritonitis from a leaking anastomosis. 


Case 3: D.S., a 24-year-old housewife, presented with a 
10-day history of epigastric and back pain. She had been 
vomiting for 2 days but was not constipated. The patient had 
been taking an oral contraceptive for 18 months and smoked 


moderately. On examination, she was obese, her blood 
pressure was 160/100 mmHg and she had ill-defined central 
abdominal tenderness and normal bowel sounds. Her white 
cell count was 12 000/mm* and her blood group was A Rh 
positive. She failed to improve after 24h of conservative 
management and a laparotomy was performed. Free fluid was 
present in the peritoneal cavity with venous infarction of the 
small intestine. One hundred centimetres of jejunum and 
30cm of ileum were removed. Her postoperative recovery 
was slow and complicated by hypertension and a 10-day 
episode of pyrexia. She now has reduced intestinal absorption 
with two or three loose bowel motions a day. 

Macroscopic examination showed 130 cm of small intestine 
with massive venous infarction. The mesenteric veins were 
thrombosed (Fig. 4). Microscopic examination showed exten- 
sive haemorrhagic necrosis of the small intestine. The walls of 
the mesenteric veins were normal and the lumina were occluded 
by thrombi. There was no arterial disease. 


Discussion 

The first case of mesenteric venous thrombosis in a 
patient taking an oral contraceptive was reported by 
Reed and Coon in 1963. The patient was a 37-year- 
old woman who had been taking an oral contraceptive 
containing mestranol 0-75 mg and norethynodrel 
5mg for 2 months. She presented with a massive 
small intestinal infarction and died owing to post- 
Operative anuria following resection of the small 
intestine. Since then 12 more cases have been 
reported. The first case of mesenteric artery throm- 
bosis in a young woman taking an oral contraceptive 
was reported by Brennan et al. in 1968, and in the 
same year, Welin and Persson described a case of 
coeliac artery thrombosis in a young woman taking 
an oral contraceptive. 

Transient ischaemic colitis has also been reported 
in young women taking oral contraceptives. The 
first two cases were documented by Kilpatrick et al. 
in 1968, and since then more cases have been described 
by Hurwitz et al. (1970) and Cotton and Lea Thomas 
(1971). The patients were young women without any 
known predisposing vascular disorders who were 
taking an oral contraceptive. They presented with 
abdominal pain and bloodstained diarrhoea. Barium 
enema examinations in these patients showed changes 
of ischaemic colitis, such as narrowing of a segment 
of colon and thumb-printing of the mucosa. Subse- 
quent barium enema examinations showed a com- 
plete return to normal after cessation of the contra- 
ceptive and this confirmed the diagnosis. 

By studying the 21 reported cases we have compiled 
a table correlating age, contraceptive or progesta- 
tional agent, major vascular lesion, operation and 
comments on the result (Table D). From this table it 
can be seen that 9 of the women had been taking 
0-5 mg of oestrogen in the agent while the remaining 
12 patients had been taking a higher dose of oestrogen. 
Twelve women had taken the agent for a year or 
more while only 2 had suffered the vascular throm- 
bosis during the first cycle. The mortality and 
morbidity were poor, 50 per cent of the cases died 
and 50 per cent required two or more operations 
resulting in the removal of most of the small intestine. 
Arterial thrombosis carried nearly twice the mortality 
of venous thrombosis but was only half as common. 

The pathology and pathogenesis of the vascular 
lesions in these patients are important. In our 3 
cases there were other factors predisposing to throm- 
bosis besides the oral contraceptives or progestational 
agents. All of our patients were blood group A Rh 
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positive (shown to predispose to thrombosis by Jick 
et al., 1969; Fagerhol et al., 1971; Mourant et al., 
1971), all were smokers, two were obese, one was 
hypertensive and one had a small spleen with 
associated thrombocythaemia. The association with 
hypertension and blood group A was also com- 
mented on by Lowry et al. (1969), one of their two 
cases being hypertensive and both being blood group 
A. Hypertensive patients may be predisposed to 
bowel ischaemia as a result of vasoconstriction. 
Deloyers (1970) reported a case in which two con- 
secutive colonic strictures occurred and he related 
them to the toxic effects of ephedrine taken for 
asthma. Our first two cases showed an increased 
production of fibrinogen degradation products post- 


operatively with a requirement for heparin to lower — 


these and prevent further necrosis. Brennan et al. 
(1968) found postoperative intravascular coagulation 
in their second patient and Ruoff and Ranson (1973) 
documented persistent postoperative hypercoagula- 
tion on two occasions in their first patient. When 
Table I is examined it can be seen that 5 of the 
patients required two or more resections with one 
death and 4 of the 6 patients who had postoperative 
anticoagulants survived. These results are better than 
the 50 per cent overall survival rate and suggest that 
there was a predisposing tendency to thrombosis in 
those patients that responded to treatment. 

Effective preventive treatment might be possible in 
many cases. Six of the patients presented with a 
history of abdominal pain of 2-weeks’ duration or 
more and at laparotomy 4 of the patients had no 
lesion, apparent reversible blanching of the bowel 
wall or nodular venous thrombosis without small 
intestinal infarction. Nothmann et al. (1973) diagnosed 
small intestinal ischaemia on a barium meal follow- 
through, and after stopping the oral contraceptive 
his patient recovered. All but two of the patients in 
the series in Table I went on to eventual infarction 
of the small intestine. Haematological investigations 
and H fibrinogen uptake studies unfortunately were 
not used to predict the risk or to show the presence 
of thrombosis in the patients. The result of Noth- 
mann’s case shows that early barium contrast studies 
and possibly angiography could ensure that a defini- 
tive diagnosis be made early enough in some cases 
for withdrawal of the contraceptive and commence- 
ment of anticoagulants to be effective in avoiding 
resection. 
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Computer-aided diagnosis of lower abdominal 


pain in women 


G. L. WALMSLEY, D. H. WILSON, A. A. GUNN, D. JENKINS, 
JANE C. HORROCKS AND F. T. DE DOMBAL* 


SUMMARY 

This paper describes the use of a system of computer- 
aided diagnosis in an unselected, prospective survey of 
393 women suffering from lower abdominal pain of less 
than I week's duration. An accurate diagnosis was 
made by clinicians at first patient contact in 68-5 per 
cent of the group of patients. The computer’s diagnostic 
prediction (based on the same data) matched the final 
diagnosis in 81-6 per cent of the patients. During this 
survey a marked improvement in diagnostic accuracy 
was observed amongst the junier clinicians. It is 
suggested that this is because of the discipline of data 
collection imposed and the intermittent feedback 
received, and also that this educational aspect of 
computer usage may be of wider benefit. 


PREVIOUS studies in a general surgical department 
(de Dombal et al., 1974) have shown that an accurate 
computer-aided diagnosis can be made in up to 90 per 
cent of patients who present with acute abdominal 
pain of less than 1 week’s duration. However, few 
patients with abdominal pain initially come to a 
department of surgery and hence the previous studies 
were only of limited value in a wider context. In 
particular, lower abdominal pain in a woman 
constitutes an especially difficult problem. Most 
practitioners faced with a woman suffering from 
acute lower abdominal pain would find a diagnostic 
classification restricted to gastro-intestinal problems 
of little use. Indeed, our own original system (de 
Dombal et al.. 1974) was in practice shown to have 
only a limited value in an emergency department 
(Wilson et al., 1977) for ‘non-intestinal’ cases. 

With this in mind we have expanded our original 
system (which dealt with gastro-intestinal diseases) 
by reviewing the clinical presentation of 650 women 
with lower abdominal pain (Walmsley, 1977) to form 
a larger one which (by considering gynaecological and 
urological diseases also) would be of more practical 
benefit in routine clinical practice outside the specialist 
surgical department. The data were then fed into a 
small desk-top computer and used to diagnose acute 
lower abdominal pain in a further 393 women. We 
then compared the diagnostic performance of the 
computer-aided system with that of the practising 
clinicians. These findings form the basis of the 
present report. 


Patients and methods 

The 393 females studied all presented to hospital as emergencies 
with abdominal pain of less than 1 week’s duration. Most (286 
out of 393-—-72-8 per cent) came to the Leeds General Infirmary, 
smaller groups to St James’s Hospital in Leeds (34) and to 
Bangour Hospital, Broxburn, near Edinburgh (73). The cases 
formed an unselected prospective and, as far as possible, 
consecutive series. Case material from more than one hospital 
was included because we were aware (Wilson et al., 1975) of the 
possibility that geographical variation may invalidate the 
results of any computer-aided diagnostic study. 


After admission each patient was seen by a junior doctor 
(with from 1 to 4 years’ surgical experience). In the course of 
their interview and examination clinicians provided data for 
the computer system using a special form devised for the 
purpose. This varied slightly from hospital to hospital 
depending on the precise preference of the individual clinicians. 
A specimen is shown in Fig. 1. 

The data were coded and entered into a computer-aided 
system which compared each new patient with 650 other 
similar cases by a Bayesian analysis; the probabilities used in 
the computer system were derived from a prior analysis of 
650 women with lower abdominal pain (Walmsley, 1977). 
Turn-round time for each individual case (from data entry to 
printout) was less than 5 min and the computer system 
produced a printout and diagnostic probability at the end of 
this time. A sample is shown in Fig. 2. The computer's predic- 
tion and the clinician’s diagnosis were both recorded and each 
patient was subsequently followed up until a ‘final’ diagnosis 
became apparent. After each patient’s data had been analysed 
by the computer it was immediately erased from the files and 
the patient’s name was never entered into the computer system, 
which was thus more secure in terms of information misuse 
than current forms of case record. 

The computer used was a small desk-top system involving a 
WANG 700C computer/calculator (cost approximately £6000). 
The software and programs employed were devised and created 
by one of us (J. C. H.). Details of the system have been given 
elsewhere (Horrocks, 1974). 


Diagnostic criteria 

Table F shows the composition of the series of women by 
disease category. In nearly half of the patients no positive 
pathological diagnosis was made and these patients were 
labelled as suffering from ‘non-specific abdominal pain’. This 
category includes (a) patients who came to negative laparo- 
tomy, (b) patients whose pain settled down so rapidly that they 
went home almost immediately after admission or {© patients 
who did not need to be admitted to hospital. The majority 
subsequently underwent negative investigations and it is at 
least reasonably certain that they did not have any of the more 
serious conditions listed in Table I (Shepherd, 1972). Criteria 
for the remaining diagnoses have been discussed in more 
detail elsewhere (de Dombal et al., 1974). 

Most other diagnoses were established after surgical inter- 
vention and pathological examination of an excised specimen. 
All diagnoses of appendicitis were established in this fashion, 
as were the vast majority of gynaecological diagnoses. Approxi- 
mately half of the patients with salpingitis came to operation 
or laparoscopy and in the remainder the diagnosis was made by 
high vaginal swab culture as well as rapid response to appro- 
priate therapy. Diagnosis of incomplete abortion was on the 
basis of histopathological reports and curettage findings and 
that of urinary tract infection on the basis of midstream urine 
specimens. The evidence for a diagnosis of renal calculus was 
usually based on operative findings, though in a few cases where 
the stone was passed spontaneously, typical radiological 
findings were accepted. 


Results 

Clinician’s diagnosis 

Table II compares the clinician’s initial diagnosis with 
the final diagnosis for each of the 393 patients. In 271 





* The General Infirmary and St James's (University) Hospital, 
Leeds, and Bangour General Hospital, Broxburn, Edinburgh. 
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Fig. 1. Specimen form indicating the method of data collection in the present study. 







(68-5 per cent of the whole group) the initial clinical Computer prediction 
diagnosis was correct. As Table I] also shows, there is Table IH compares the computer’s prediction (based 
a tendency on the part of the clinicians towards ‘over- on the same data as those elicited by the clinicians) 
diagnosis’. For example, whilst 14 patients with (sub- with the final diagnosis which was eventually 
sequently proved) appendicitis were not initially established. The former matched the latter in 320 of- 
diagnosed, 32 patients were initially thought to be the patients (81-6 per cent of the total). Of the 81 
suffering from appendicitis and therefore underwent patients with acute appendicitis, the computer failed 
negative laparotomy. to diagnose only 5 patients. 
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Table I: DISTRIBUTION OF SERIES BY DISEASE 


G. L. Walmsley et al. 





No. of 
Disease category women vA 

Non-specific abdominal pain* 187 47-6 
Appendicitis gi 20-6 
Salpingitis 53 13-5 
Urinary tract infection 47 12-0 
Ovarian cyst 16 4l 
Ectopic pregnancy l 5 1:3 
Incomplete abortion 4 1-0 
Total 393 100-0 
* For discussion of this category see text. 
Table Il: COMPARISON OF INITIAL CLINICAL 
DIAGNOSIS WITH FINAL DIAGNOSIS IN 393 
WOMEN 

Final Initial diagnosis Other/ 


diagnosis Ectopic OC Appx. Abort. Salp. UTI NSAP ? 


Ectopic 2 a ao l l _ 1 
oc < T I 3 rove _ 5 
Appx. me esl o a a g 3 8 
Abort. — a 4 $i, ty ae hese 
Salp. 2 2 5 aa 21 1 al. BD 
UTI — we 4 — —~ 37 5 i 
NSAP | | 2322 — _ 8 133 12 





Ectopic, Ectopic pregnancy; OC, ovarian cyst; Appx., acute 
appendicitis; Abort., abortion; Salp., salpingitis; UTI, 
urinary tract infection ; NSAP, non-specific abdominal pain. 


Table HI: COMPARISON OF COMPUTER-AIDED 
DIAGNOSTIC PREDICTION WITH FINAL DIAGNOSIS 
IN 393 WOMEN 

Final Computer-aided prediction 
diagnosis Ectopic OC Appx. Abort. Salp. UTI NSAP 


Ectopic 4 om — _ 1 -—- -l 
0c ł li l o, em 2 _— 1 
Appx. — l 76 —— 2 — 2 
Abort. oe — — 3 ] _ _ 
Salp. 3 1 4 a 4] 2 2 
UTI a a n _ 2 41 4 
NSAP _ 7 22 _ 4 10 144 
Sa APN a a a a aa OD 
For abbreviations see Table H, 
Table IV: COMPARISON OF INITIAL CLINICAL 
DECISION WITH OPTIMAL DECISION * 
Initial decision 
Admit Admit Admit  Observe/ 

Optimal decision surg. gynaecol. urol. send home 
Admit surg. 80 ——- 1 —— 
Admit gynaecol. 34 42 — 2 
Admit urol. 26 1 20 _ 
Observe/send home 157 — — 30 


* Optimal decision, that which would have been made with 
hindsight. 


Table V: COMPARISON OF COMPUTER-AIDED 
‘BEST’ DECISION PREDICTION WITH OPTIMAL 
DECISION 

Computer-aided ‘best’ decision 


Admit Admit Admit  Observe/ 

Optimal decision surg. gynaecol. urol. send home 
Admit surg. 76 3 Six 2 
Admit gynaecol. — 5 68 2 3 
Admit urol. —— 2 4} 4 
Observe/send home 22 1] 10 144 





Case ref - - - - 


Aged 30-39 
Site at onset — LLO 
Site present — lower half 
Radiates to shoulder 
Progress of pain -— worse 
Duration 12 hours 
Type onset — constant 
Type present — constant 
Aggrav. factor — movement 
No relieving factors 
No nausea 
No vomiting 
Normal appetite 
Constipation 
Micturition —- no symptoms 
Periods regular 

LMP overdue 
Abnormal bleeding — slight 
Faintness 
Yellow discharge 
No similar pain 
No prev. abd. surgery 


Pale 
Afebrile 
No abd. scar 
Tenderness — lower half 
No rebound tenderness 
Guarding 
Vag. Exam: 
Tender right 
Bulky uterus 


Ectopic Ovarian Appx Incom Salp. UTI Nonsap 
99.91 .00 .00 00 .O8 .00 .00 


Fig. 2. Sample of printout from the desk-top AE 
system (from data shown in Fig. 1). 


Effect upon decision making 

It can be argued that the real problem in the immediate 
management of such patients has very little to do with 
precision of diagnosis. Often in an emergency room 
the more pressing task is to identify the area of the 
patient’s problem so that she can be referred to the 
correct specialist surgical service. We have, therefore, 
analysed the consequences for decision making of the 
data set out in the previous tables: the results are 
outlined in Tables IV, V. 

Almost every patient with a general surgical 
problem was in practice admitted under the care of a 
general surgical service (Table IV). This is reassuring, 
but the price of this ‘pickup rate’ is also high. Some 
34 patients with gynaecological problems, 26 patients 
with urological problems and 157 patients with no 
discernible surgical disease at all were also admitted 
under the general surgical services of the hospitals 
studied. 

As regards the value of the computer's prediction 
in decision-making terms (Table V), we have made the 
assumption that where the computer predicts ‘no 
specific disease’ this implies a decision to observe or 
send the patient home. The computer would thus have 
recommended admission to the surgical wards for 76 
of the 81 patients who actually needed operation, and 
to this extent its performance is less reassuring than 
that of the clinicians. However, had the emergency 
staff in question been basing their decision on the 
computer’s prediction, far fewer cases with gynaeco- 
logical, urological or non-surgical disease would have 





been admitted under the general surgeons. Overall, 
the computer-aided system made a decision concern- 
ing immediate treatment which (viewed with hindsight) 
could be regarded as correct in 329 cases. In retro- 
spect (with the same hindsight) the unaided clinicians 
made the same correct decision in only 172 of these 
patients. 


Geographical variation 

Finally, we compared the results from the different 
centres participating. The findings were very similar 
and the overall final diagnostic accuracy (after 
familiarization and feedback) strictly comparable—at 
around 70 per cent for clinicians and 80 per cent for 
the computer in the centres concerned. This illustrates 
(for what it is worth with the rather small numbers 
involved) that very little geographical bias seems to 
exist in these studies. 


Discussion 

The results indicate that the computer may have some 
kind of role to play in clinical diagnosis in the emer- 
gency department. Therefore, as Lusted (1968) has 
commented, talk of ‘computers actually doing 
diagnosis’ or of ‘computer diagnosis’ at the present 
time is not helpful. In particular, decision making is 
best left to the clinician, and we certainly do not 
advocate that contact between doctor and patient in 
an emergency environment should be replaced by 
some sort of automated system. 

However, there is clearly a wealth of information 
made available by patients at interview and exami- 
nation which currently is not appreciated and acted 
upon by the junior hospital doctor. The understandable 
temptation in an emergency is to admit all patients 
under the general surgical service ‘to be on the safe 
side’, but this has its drawbacks. Additional cases are 
presented to a busy surgical service and, on occasion, 
patients admitted under the general surgical service 
with gynaecological or urological problems proceed to 
negative laparotomy. It is possible to speculate (and 
so far it is only speculation) that had these patients 
been admitted under the gynaecological or urological 
service a more appropriate form of management would 
have been instituted by that specialist service. 

It may well be that at some indeterminate time in 
the future, decision making aided by the computer 
will have a more direct part to play. For the time 
being, however, there does seem to be a role for a 
simple computer-aided system as part of postgraduate 
education. In this role the computer is used to analyse 
the data collected by the clinician and subsequently 
to provide ‘pointers’ and reminders—in the hope that 
he may then improve his own diagnostic and decision- 
making performance. In this respect, as discussed 
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elsewhere (Gunn, 1976; Wilson et al., 1977), in the 
emergency departments studied the diagnostic per- 
formance levels of junior clinicians improved quite 
markedly during the period of this trial. We feel it is 
reasonable to speculate that the discipline of filling 
in the forms shown in Fig. 1 and the feedback which 
some of the junior clinicians received might be at 
least partially responsible for this improvement. 

The other point which emerges from this series of 
studies concerns the methods employed. This is not 
the first study in computer-aided diagnosis of gynae- 
cological disorders; however, previous attempts (e.g. 
Neurath et al., 1969) have been less successful—and 


indeed our own initial results (Wilson et al., 1977) — a 
were much less satisfactory than those reported here... R 
It is worth investigating some possible reasons for | - 


this. We believe that it is largely the result of the 
degree of preparation (involving the careful collation ae 
of data from 650 women) before this study was begun. . 


Thus, the computer was able to analyse detailed 
experience from a large group of patients which would © 


take any individual years to collect. This may well 
have been responsible for its relatively high diagnostic 

accuracy. Details of the clinical data from the 650 
women will be published elsewhere (Walmsley, 1977). 
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Successful treatment of early cancer of the liver 
and portal hypertension in patients presenting 


with bleeding oesophageal varices 
MICHIO KOBAYASHI, KIYOSHI INOKUCHI, NAOFUMI NAGASUE, 


MOTONORI SAKU AND ATSUSHI IWAKI* 


SUMMARY 

A small hepatoma was diagnosed by selective arterio- 
graphy in 2 patients admitted for treatment of bleeding 
oesophageal varices. In both cases, hepatoma and 
variceal lesions were successfully treated. In the first 
case, left gastric vena caval shunt and local excision of 
the hepatoma were performed. In the second case, 
distal splenorenal shunt and local excision of the tumour 
were carried out. Although a combination of hepatoma 
and oesophageal varices may be an embarrassing 
problem, both lesions can be remedied provided that 
hepatoma is diagnosed at an early stage. It is stressed 
that arteriography is of value in assessment. 


Many clinical and pathological investigations have 
suggested that several types of liver cirrhosis are 
frequently accompanied by liver cell carcinoma 
(hepatoma) and that cirrhosis of the liver may be a 
precancerous state. We have long been treating 
patients with oesophageal varices, mostly due to 
cirrhosis (Inokuchi et al., 1975), and are now finding 
that hepatoma sometimes occurs in patients in whom 
variceal haemorrhage has been successfully controlled. 
We now look for early hepatoma in patients present- 
ing with symptoms and signs of portal hypertension. 
The combination of oesophageal varices and hepatoma 
is a difficult but important problem which has so far 
received little attention in the literature. 

This paper reports 2 patients in whom oesophageal 
varices and hepatoma diagnosed at an early stage 
were both successfully treated, and stresses the 
necessity of early detection of hepatoma in such cases. 


Case reports 

Case 1: This 40-year-old male experienced sudden haema- 
temesis followed by tarry stools and he required transfusion of 
2000 ml of whole blood. Upper gastro-intestinal series revealed 
oesophageal varices. Physical examination showed moderate 
splenomegaly. Neither hepatomegaly nor ascites were observed. 
Hepatic scintigraphy demonstrated splenomegaly. No space- 
occupying lesions were shown in the liver. Coeliac arterio- 
graphy showed findings similar to the hepatic scans but a small 
tumour was found in the dome of the right lobe (Fig. 1). The 
angiographic diagnosis was primary liver cancer (hepatoma). 
The preoperative serum alpha-fetoprotein level was 2420 ng/ml 
by radioimmunoassay. Preoperative liver function was as 
follows: SGOT 38, BSP (in 30 min) 22:0 per cent, ICG (in 
15 min) 34-6 per cent. Since a dilated left gastric vein was 
found in the venous phase of coeliac arteriography, left gastric 
vena caval shunt combined with splenectomy was performed 
as a treatment of oesophageal varices. The portal pressure 
during surgery was 270 mmH,O. A small (2:0 x 3-1 x 2-7 cm) 
hepatoma was easily found and successfully excised. The 
histological diagnosis was liver cell carcinoma of trabecular 
pattern. The liver showed evidence of portal cirrhosis (see Fig. 
3 a). The postoperative course was uneventful. The serum 
AFP level dropped rapidly and was 106 ng/ml on day 24 post- 
operatively. The patient has been well for 14 years after surgery 
with normal AFP levels. The oesophageal varices are no 
longer evident. 





Fig. 1. Preoperative coeliac arteriography in Case 1. Arrow 
indicates tumour stain. 





Fig. 2. Preoperative coeliac arteriography in Case 2. Arrow 
indicates a faint, small stain of the tumour. 


Case 2: This 57-year-old male had experienced two episodes of 
melaena before admission. In May 1976 he had massive 
haematemesis. His haemoglobin was 4:2 g/dl and 5000 ml of 
whole blood was transfused over 3 days. Barium studies 
demonstrated marked oesophagogastric varices. Physical 
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Fig. 3. Histological sections of the tumours in Cases 1 and 2. (HE. x 138.) Both sections show liver cell carcinoma of 


trabecular pattern. 


examination revealed a slight enlargement of the liver. Hepatic 
scan with *™Tc showed a cirrhotic pattern but no space- 
occupying lesions were noted. However, coeliac arteriography 
showed a small tumour at the lateral aspect of the right lobe 
(Fig. 2). Angiographic features of the tumour were compatible 
with those of primary liver cancer. The serum AFP level was 
negative (6 ng/ml) in this patient. Preoperative liver functions 
were as follows: SGOT 69, BSP (in 30 min) 10-0 per cent, ICG 
(in 15 min) 11-1 per cent. Since splenoportography during 
laparotomy demonstrated marked cephalad collaterals through 
the short gastric veins, a distal splenorenal shunt was carried 
out. The portal pressure was 250mmH,O. A very small 
hepatoma (1:2 x 1-4 x 1-8 cm) was found at the lateral aspect of 
the right lobe and this was excised without difficulty. The 
histological diagnosis was almost the same as that of Case 1 
(Fig. 3b). The postoperative course was uneventful and barium 
studies on discharge showed smaller varices than seen pre- 
operatively. 


Discussion 

With the aid of advanced roentgenologic techniques 
and the measurement of serum alpha-fetoprotein 
(AFP) levels, the diagnosis of hepatoma (liver cell 
carcinoma) has become more precise. However, AFP 
may be negative in 20-50 per cent of patients with 
liver cell carcinoma (O’Conor et al., 1970; Purves et 
al., 1970; Ong and Chan, 1976), and this is especially 
likely if a very small tumour is present (McIntire et al., 
1976). Hepatic scintigraphy is not accurate enough to 
detect hepatoma at an early stage since a tumour must 
be more than 2 cm in diameter to provide a defect. 
This is particularly true in a patient with concurrent 


cirrhosis of the liver, where scintigraphy may be 
misleading. 

On the other hand, it is acknowledged that hepatic 
angiography is an accurate diagnostic method 
(Tonami et al., 1975), although it is to some extent 
dependent on the vascularity of the tumour. Neverthe- 
less, small tumours can be detected (Nagasue et al., 
1976) as is clearly shown by the cases reported here. 

In treating patients with oesophageal varices, we 
routinely perform coeliac and superior mesenteric 
arteriography in order to allow early detection of a 
possible hepatoma. A patient with both hepatoma and 
oesophageal varices is usually considered extremely 
difficult to treat. However, these 2 cases demonstrate 
that satisfactory treatment of both lesions is possible, 
provided that the tumour is diagnosed at an early 
stage. The most effective and reliable investigation in 
our cases was selective arteriography and this examina- 
tion should be performed in cirrhotic patients as part 
of the investigative protocol, especially if operation is 
planned. 
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Renal autotransplantation in the treatment of 


hypertension and uraemia due to renal artery stenosis 
R. C. WORTH, R. WILKINSON, R. M. R. TAYLOR AND M. J. FARR* 


SUMMARY 

Four cases of renovascular hypertension cured or 
improved by renal autotransplantation are described. 
In one case correction of renal ischaemia resulted in an 
improvement of renal funetion. Previous reports of 
this technique are reviewed and the limitations of the 
more standard operation of saphenous vein bypass 
graft are discussed. 


THE value of surgical relief of renal artery stenosis is 
now well established (DeBakey et al., 1964; Poutasse, 
1964; Ernst et al., 1972; Foster et al., 1975). However, 
even in centres where operations for this purpose are 
performed regularly there are technical problems in 
about 20 per cent of cases subjected to the usual 
procedure of autogenous saphenous vein graft 
(Ernst et al., 1972; Foster et al., 1975). Furthermore, 
this operation is technically difficult, especially on the 
right side where the renal artery hes behind the vena 
cava. Alternative techniques have, therefore, been 
advocated, including direct reanastomosis of the 
renal artery to the aorta, arterial autograft (Wylie et 
al., 1969) and recently there have been an increasing 
number of reports of renal autotransplantation into 
the false pelvis of the same or opposite side. 

Autotransplantation of the kidney for renal artery 
stenosis was first performed in 1964 (Ota et al., 1967), 
and by 1972 there were reports of 14 such operations 
(Martinez-Pineiro and Sicilia, 1972). With increasing 
experience in homotransplantation, the autotransplant 
presents fewer technical problems to many surgeons 
than other methods. Nevertheless, reports of its use 
remain few (Belzer et al., 1974; Faure, 1974; Clunie 
et al., 1975). 

The purpose of this paper is to report our experience 
with four patients treated by autotransplantation for 
renal artery stenosis. We also wish to confirm the 
value of surgery in renal artery stenosis complicated 
by moderate uraemia. As long ago as 1964 Simon and 
del Greco reported improvement in renal function as 
well as in blood pressure control following renal 
revascularization, and there have been several recent 
reports confirming this (Kaufman, 1973; Sheil et al., 
1973; Smith et al., 1974; Clunie et al., 1975). 


Methods 

Plasma renin activity (PRA) was measured by the radio- 
immunoassay of angiotensin I using a modification of the 
method of Haber (Haber et al., 1969). Renal vein renin studies 
were performed using bilateral catheterization with sampling 
before and at intervals after the stimulation of renin secretion 
by the intravenous injection of diazoxide. 

The kidney was removed by the standard lateral approach, 
taking particular care to dissect a considerable length of ureter 
and to avoid damage to its blood supply from the renal artery. 
The renal artery and the renal vein were dissected in such a 
way as to secure an adequate length for the subsequent trans- 
plantation. The kidney was removed and cooled by immersion 
in iced saline and by flushing the organ with a solution of 
mannitol at 4 °C. The kidney was then preserved and assessed 
by continuous perfusion on the Gambro renal preservation 


machine. It was thus possible to ensure that an adequate flow 
through the kidney could be achieved. 

The nephrectomy incision was closed, the patient was 
turned to the supine position and the iliac vessels approached 
extraperitoneally in the opposite iliac fossa. The renal vein was 
anastomosed end to side to the external iliac vein in each case. 
The renal artery was anastomosed end to end to the internal 
iliac artery in two cases, but in the other two it was necessary 
to anastomose renal artery end to side to external iliac artery 
because of occlusion of the internal iliac artery due to atheroma. 


Case reports 

Case 1: A. Y., a 43-year-old man with a history of dermatitis 
and gout for 15 years, presented in March 1975 with headaches, 
dyspnoea on exertion and nocturia. Blood pressure was 190/130 
having been said to be normal 2 months earlier. The optic 
fundi showed only arteriovenous nipping, there were no abdo- 
minal bruits and the femoral pulses were not diminished. An 
intravenous pyelogram (IVP) revealed a small left kidney 
with delayed excretion and renal arteriography showed 
stenosis at the origin of the left renal artery (Fig. 1). The ratio 
of renal vein PRA levels (left : right) in the unstimulated state 
was 67:1 and after diazoxide stimulation 3-1: 1. Serum 
urate was 0°52 mmol/l, creatinine 150 umol/l, endogenous 
creatinine clearance 981/24h and Cr EDTA clearance 
127 1/24 h. 

Autotransplantation of the left kidney to the right iliac fossa 
was performed and the transplanted kidney functioned 
immediately at operation. IVP on the eleventh postoperative 
day showed normal structure and function. At 5 months after 
operation the blood pressure was 130/80 in a supine position 
and 160/90 standing. At 12 months the blood pressure had 
risen without treatment to 160/110 supine and 170/110 standing. 


Case 2: M. B., a housewife aged 25 years, was found to be 
hypertensive at routine examination while taking an oral 
contraceptive. Her blood pressure was 200/130, a soft systolic 
bruit was audible in the epigastrium to the right of the mid- 
line, the fundi were normal and the femoral pulses were not 
diminished. 

Serum creatinine was 100 pmol/l. IVP and isotope reno- 
gram showed delayed uptake and excretion on the right. An 
arteriogram demonstrated right renal artery stenosis (Fig. 2). 
The ratio of right : left renal vein PRA was 1:1 in the 
unstimulated state and 5-3 : 1 5 min after diazoxide stimulation. 

The right kidney was transplanted to the left iliac fossa and 
IVP at 10 days showed good function. The blood pressure was 
normal 8 months postoperatively without therapy. 


Case 3: W. J. K., a man aged 54, presented in August 1976 with 
morning headache of 3 months’ duration and blurring of vision 
and vomiting for 2 weeks. His blood pressure was 260/140, 
the optic disc margins were blurred, the femoral pulses were 
not diminished and there was no renal artery bruit. Serum 
creatinine was 130 wmol/l. IVP showed delayed excretion and 
hyperconcentration on the left with some reduction in renal 
length (left 1i-Scm, right 12cm). An isotope renogram 
indicated severe reduction in function on the left, while trans- 
femoral renal arteriography revealed a tight stenosis of the left 
renal artery 0-5 cm from its origin (Fig. 3). The ratio of left : 
right renal vein PRA was 6-3 : 1 in the unstimulated state and 
13 : | after diazoxide stimulation. 
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ment of Surgery, University of Newcastle upon Tyne. M. J. 
Farr, Department of Medicine, Hull Royal Infirmary. 
Correspondence to: R. M. R. Taylor. 
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Fig. 1. Case 1. Selective renal arteriogram showing stenosis 
at the origin of the left renal artery and post-stenotic 
dilatation. 





Fig. 2. Case 2. Renal arteriogram showing a normal vessel 
on the left and irregularity and stenosis of the proximal 
portion of the right renal artery, indicating fibromuscular 
dysplasia. 


The left kidney was transplanted to the right iliac fossa after 
2 hours of cold pulsatile perfusion storage. It did not function 
initially, but an isotope renogram subsequently showed 
normal function. Blood pressure was normal (130/80) post- 
operatively and remained so without treatment at 3 months. 


Case 4: J. D., a 57-year old man, was found to be hypertensive 
(220/120) in October 1973, having had angina of effort for 10 
years and intermittent claudication for 2 years. In October 
1974 his blood pressure had risen to 220/130 despite regular 
medication; there were signs of left ventricular failure and for 
the first time an epigastric bruit was heard. There was moderate 
renal failure (serum creatinine 330 umol/l). IVP revealed a 
small, probably non-functioning right kidney (9 cm long) and 
a normal left kidney (13-5 cm). Renal vein PRA on the left 
side was 7umoll-min- before diazoxide stimulation 
(4-6 umol l-t min-* on the right) and 69 umoll- min“ 
following diazoxide (46 umol 1—* min“ on the right). It was 
considered on the basis of these results that the small right 
kidney was not the cause of his hypertension and no further 
investigation was undertaken at that time. 

Intensive medical treatment was continued, but troublesome 
diarrhoea occurred with methyldopa and prazosin and he 





Fig. 3. Case 3. Renal arteriogram showing a tight stenosis 
of the left renal artery with poor filling beyond the 
stenosis. 





Fig. 4. Case 4. Renal arteriogram showing complete 
occlusion of the right and tight stenosis of the left renal 
artery with atheroma of the aorta. 


developed a rapid tachycardia of 130/min with heart failure 
when given oral diazoxide. 

In view of the failure of medical therapy a renal arteriogram 
was performed. This demonstrated complete occlusion of the 
right renal artery with a tight stenosis at the origin of the left, 
as well as atheroma of the aorta and internal iliac arteries 
(Fig. 4). 

In July 1975 autotransplantation of the left kidney into the 
right iliac fossa was performed. The kidney was perfused and 
cooled with mannitol following removal and functioned in 
theatre following reanastomosis. 

Although the kidney functioned immediately after trans- 
plantation, the postoperative course was complicated by 1 
week of oliguria requiring haemodialysis. On discharge renal 
function was better than we had recorded at any stage pre- 
operatively (plasma creatinine 120 mol/l). His blood pressure 
was 170/90 without treatment. 

Renal function began to deteriorate approximately 4 months 
after operation and the serum creatinine level reached 456 
umol/l in March 1976, although the blood pressure remained 
well controlled. An intravenous urogram revealed a degree of 
hydronephrosis due to stenosis at the lower end of the ureter. 
The patient was admitted for reimplantation of the ureter, but 
unfortunately suffered a myocardial infarction and died before 
being subjected to surgery. The stenosis of the ureter and 
patency of the arterial anastomosis were confirmed at autopsy. 


Discussion 

We decided to adopt autotransplantation in the 
treatment of renal artery stenosis because of the high 
reported incidence of operative failure using other 
techniques. Of 75 saphenous vein grafts reported by 
Ernst, 6 became occluded, 5 stenosed and in 5 
aneurysmal dilatation of the graft occurred (Ernst 
et al., 1972). In the American cooperative study of 
renovascular hypertension (Foster et al., 1975) the 
operative failure rate varied in different participating 


centres from 18 to 45 per cent. While this may be an 
over-pessimistic estimate, being based on those 
patients consenting to repeat angiography following 
surgery and, therefore, perhaps weighted with 
patients remaining hypertensive, it nevertheless 
suggests a serious failure rate. In contrast, the reported 
incidence of renal artery stenosis in recipients of renal 
transplants is lower, varying between 3 and 12 per 
cent (Doyle et al., 1975; Lindsey et al, 1975). Other 
surgical complications are also relatively rare in 
transplant patients. Marx experienced urological 
complications in only 3-5 per cent of patients (Marx 
et al., 1974), although in a collective review of the 
experience of several centres this type of complication 
was reported in 14 per cent of renal transplant 
recipients (Weil et al., 1971). Renal artery occlusion 
has been reported after up to 8 per cent of allografts 
(Hall et al., 1976), but usually occurs in kidneys 
which are ischaemic and non-viable from the outset 
and should not be a problem in autotransplantation. 
Since urological complications are thought to be due, 
at least in part, to ureteral rejection and to immuno- 
suppressive therapy, they too should be Jess frequent 
with autotransplants. 

Further advantages of autotransplantation are that 
it is technically easier than the saphenous vein bypass 
graft, especially on the right side (Clunie et al., 1975), 
and in cases where there is atheroma of the aorta it 
allows selection of the best available vessel for the 
arterial anastomosis. In 2 of our patients (Cases 3 and 
4) there was widespread atheroma which made the 
ability to choose the best vessel very important. 

There have not yet been sufficient reported cases of 
autotransplantation to permit a reliable assessment 
of the complication rate associated with this pro- 
cedure, but in all 10 patients treated in this way by 
Clunie, hypertension was cured or improved and no 
surgical complications were reported (Clunie et al., 
1975). In our patients blood pressure returned to 
normal in 2 and dramatically improved in the other 2. 
The only technical problem was the late development 
of ureteric stenosis in Case 4. 

The natural history of renal artery stenosis with 
respect to renal function is uncertain, and it would be 
premature to advise surgery in the patient with normal 
function if this was not indicated for the control of 
hypertension. However, in patients with established 
impairment of renal function and renal artery 
stenosis the situation is different. There is now an 
increasing number of reports of improvement in 
renal function following successful surgery (Simon 
and del Greco, 1964; Kaufman, 1973; Sheil et al., 
1973: Smith et al., 1974; Clunie et al., 1975), although 
the number of patients involved remains small. We 
would add Case 4 from our series to those whose 
renal function was improved by surgery and support 
Clunie’s plea for full renal investigation in patients 
with hypertension and deterioration of renal function. 
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An evaluation of viability tests of human 


cadaveric kidneys 


V. K. MODGILL, P. A. WIGGINS, L L. ROSENBERG, C. S. HUMPHREY 


AND G. R. GILES” 


SUMMARY 

Cadaveric kidneys are sometimes unsuitable for 
transplantation because of possible ischaemic damage. 
The advent of perfusion preservation machines has 
enabled evaluation of perfusion characteristics and 
perfusate changes of organs prior to transplantation. 
This study has evaluated the changes in perfusate pH, 
lacate dehydrogenase, lactate and free fatty acid 
utilization in an attempt to identify those kidneys with 
ischaemic damage. 

In this investigation no single factor was discrimina- 
tory and it was not possible to predict with any degree 
of certainty those kidneys liable to delayed function 
or to non-function. 


THe success of renal transplantation is dependent 
upon many factors but none is more important than 
the source and viability of the donor kidney. In the 
United Kingdom the majority of kidneys trans- 
planted are from non-heart-beating cadaveric sources 
and are thus more liable to ischaemic damage during 
the agonal period. This period of warm ischaemia, 
which is often as long as 60min, is presumably 
responsible for the failure of the kidney to achieve 
immediate function after transplantation and is 
associated with acute tubular necrosis. Immediately 
after removal from the cadaver, the kidneys are 
flushed with a cold solution of either extracellular or 
intracellular composition and then transported in 
ice-packed boxes to the recipient, adding a further 
period of delay known as the period of cold ischaemia. 

With the emphasis on the distribution of organs 
to improve histocompatibility matching, transplant 
surgeons often receive kidneys which have been taken 
from the donor some 8-12 h previously. The clinical 
question faced at this point is whether the kidney has 
been irreversibly damaged by both warm and cold 
ischaemia and may thus be one of the 17-3 per cent of 
cadaveric kidneys which never function (Nelson and 
Tovey, 1974). Alternatively, the damaged organ may 
have delayed function necessitating prolonged post- 
operative dialysis which is associated with a poorer 
prognosis (Johnson et al., 1973). 

With the development of organ preservation by 
perfusion, the opportunity exists to assess the viability 
of the kidney prior to transplantation. The advantages 
to the patient and to the surgical services of avoiding 
an unsuccessful operation are obvious. 

In this study we report the investigation of 32 
human kidneys. The viability of the kidneys was 
assessed by perfusion characteristics, lactate and 
lactic dehydrogenase release, cation ratio in cortical 
biopsies, free fatty acid levels in the perfusate and 
perfusate pH change at 1 h. After this assessment all 
kidneys, irrespective of the findings, were consecu- 
tively transplanted into appropriate recipients. The 
study examines the subsequent early function of 
these kidneys and relates the function to the viability 
assessments. 


Patients and methods 

Human kidneys were removed from cadaveric donors after 
cardiac arrest had been certified. The kidneys were flushed 
with either Perfudex (Pharmacia Ltd) (27 kidneys) or with. 
Collins’ C4 solution or a similar type (5 kidneys). The period 
of warm ischaemia before perfusion with cold solution ranged 
from 5 to 120 min. The majority of the donors had received 
heparin, diuretics, steroids and antibiotics during the agona! 
period. After cooling, the kidneys were all placed in plastic 
bags with cold perfusate and stored on ice in insulated con- 
tainers until transport to our laboratory. Kidneys removed 
locally inevitably had a shorter period of cold ischaemia prior 
to perfusion (mean 115-+-41 min) than those transported from 
more distant centres (368 -- 103 min}. 

Upon receipt of the kidney the organ was dissected free 
from excess fat and connective tissue under ice-cold saline and 
the renal artery was cannulated. A small biopsy was taken 
from the renal cortex and divided for subsequent histological 
examination and for estimation of the potassium : sodium 
ratio in the tissue (see below), 

The kidney was perfused in a Gambro PF 3A pertusion 
circuit which had been primed with exactly 400 mi of plasma 
protein fraction plus 100 ml of water containing KHCO* 
15 mmol/l, MgC! 2 mmol/l, glucose 150 mg/100 ml, 40 units of 
soluble insulin, 100 mg of hydrocortisone and 500mg of 
ampicillin at 8°C (Johnson et al., 1972). Flow through the 
organ was adjusted so that the pressures remained below 
50 mmHg and slowly increased so as to achieve flow rates of 
approximately I ml g> min, The kidney remained on the 
perfusion machine until subsequent transplantation. 

Irrespective of the perfusion characteristics and viability 
assessments the kidneys were removed from the machine 
when the iliac vessels of the recipient had been prepared and 
were then transplanted by the standard technique. After 
transplantation, urine output and serum urea, creatinine and 
electrolytes were measured daily. Immediate function of the 
kidney was assumed when the patient needed no further 
dialysis or the serum creatinine on the fourteenth day was less 
than 200 umol/l without dialysis. Delayed function was 
measured to the postoperative day when the serum creatinine 
fell by 100 umol/! or more without dialysis and non-function 
was diagnosed if the patient failed to achieve freedom from 
dialysis. 

The kidneys were weighed immediately prior to perfusion. 
Viability assessments were carried out on the cortical biopsy 
specimen and on 10-mi samples of perfusate removed from 
the circuit exactly 1 h after initiation of perfusion. The follow- 
ing estimations were performed. 

1. Organ flow, measured as mi g min~ and resistance as 


Perfusion pressure 


(R= 1333). 


Renal blood flow ` 


2. pH change. Prior to the introduction of the kidney into 
the circuit and 1h after perfusion, the pH of the perfusate 
was measured on fresh samples using an Astrup Blood Micro 
System (BMS,) (Radiometer, Copenhagen). The difference 
between the two estimations indicated the change in pH 
during the first hour of perfusion. 

3. Perfusate lactate concentration was determined on I-ml 
samples which were placed in glass tubes containing 2 ml of 
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perchloric acid at 4 °C. Lactate levels were determined using 
the Boehringer Lactate Biochemica Combination Test Kit. 
The results are expressed in mg/100 ml of perfusate. 

4. Perfusate lactic dehydrogenase concentrations. Samples 
of perfusate were frozen at —20 °C until testing. Estimations 
were carried out on 0-1 ml perfusate samples using a Boehringer 
LDH Combination Test Kit and results are expressed as 
units/l of perfusate. 

5. Free fatty acid (FFA) concentration was estimated in the 
perfusate before and | h after perfusion using a Boehringer 
Biochemica Test Kit for non-esterified fatty acid and results 
are expressed as a percentage change from basal values. 

6. Cation ratio in cortical biopsies (20 kidneys). Biopsies 
were analysed for potassium and sodium content after drying 
according to the methods described by Flear and Florence 
(1961) and modified by Selis and McLoughlin (1973). The 
results are expressed as ratios of potassium : sodium. 

All statistical evaluations were derived from the Mann- 
Whitney U test. 


Results 
Of the 32 consecutive patients receiving the preserved 
kidneys, only 11 needed further significant periods of 
haemodialysis. The remaining 21 patients had 
immediate function of the graft sufficient to improve 
their uraemic state. 

Of the 11 patients with delayed transplant function, 
2 patients never had satisfactory renal function but 
the remaining 9 kidneys all subsequently functioned 
sufficiently well to enable dialysis to be withheld. 
The delay in function ranged from 5 to 31 days (mean 
11-8 + 7-9), 


Warm ischaemia prior to cooling 

The mean duration of warm ischaemia in the kidneys 
which functioned immediately was 13-7+8-9 min 
(range 5-25 min) compared with 35:94 27-6 min 
(range 5-120 min) in those with delayed function. 
The differences between these two groups were statis- 
tically significant (U max. = 153, P<0-001). The 
period of warm ischaemia for the two kidneys which 
never functioned was 15 min and 75 min respectively. 


Cold ischaemia prior to perfusion 

The mean duration of cold ischaemia prior to per- 
fusion was 189-7+140 min for those kidneys with 
immediate function (range 30-454) and 278 + 143 min 
(range 110 to 120) for those with delayed function: 
the difference between: these two groups was not 
significant (P > 0-2). Similarly, there was no significant 
difference in the total ischaemic period, being 683 + 276 
min for those with immediate function and 650+ 157 
min for those with delayed function. The total 
duration of ischaemia for the 2 non-functioning 
kidneys was 395 and 1600 min respectively. 


Perfusion time 

The mean perfusion time of those kidneys with 
immediate function was 474+ 278 min and of those 
with delayed function 315+ 155 min. This difference 
© was not statistically significant (P > 0-1). 


Perfusion characteristics at 1 h of perfusion 
_ The mean flow at 1 h in those kidneys with immediate 
function was 0-81 + 0-19 ml g-t min-! compared with 
0-79+0-2 ml gmin in kidneys with functional 
delay. There is clearly no difference in these values 
but it is notable that the lowest flow recorded, at 
0-34 ml g`? min~', was in one of the non-functioning 
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kidneys. The other kidney, however, was perfused 
at 0-58 mi g min, which is within the normal 
range. 

When the perfusion rate is expressed in terms of 
vascular resistance, the immediate function group 
had mean values of 533+399dyns-'cm™ and 
those kidneys with delayed function were assessed 
at 533+399 dyn s-'cm-*. The 2 non-functioning 
kidneys had values of 986 and 719 dyn s~ cm 
respectively. 


PH change 1 h after perfusion 

For those kidneys with immediate function, the 
mean fall in pH 1h after perfusion was 0-15 + 0-07, 
and for those kidneys with delayed function it 


averaged 0-19 + 0-07 (U max. = 143, P>0-2) (Fig. 1). 2 


There is considerable overlap between the two groups 
and the assessment is clearly not discriminatory. The 
change in pH in the non-functioning kidneys was 
0-35 and 0-06 respectively. 


Lactate concentration in the perfusate 1 h after 
perfusion 

The mean lactate concentration of the perfusate in the 
immediate function group was 17-68 + 7-52 mg/100 ml 
or 0-13 + 0-07 mg/100 mi~ g and that in the delayed 
function group was 17-98 + 5-94 mg/100 ml or 0-13 + 
0-04 mg/100 ml“! g`? (Fig. 2). The differences in the 
two groups expressed in either manner were clearly 
not statistically significant. 


Lactate dehydrogenase release 

The lactate dehydrogenase concentration was 199 + 
138 u/l in the kidneys with immediate function and 
435 +274 u/l in the delayed function group. This 
difference achieved statistical significance (U max. = 
219, P< 0-001). If account was taken of kidney weight, 
the mean LDH concentration was 1-64 + 1-5 mu ml} 
g` in the immediate function group compared with 
31422 mu mig in those with delayed function 
(U max. = 211, P<0-001) (Fig. 3). 


FFA change Ih after perfusion . 

In the 21 kidneys with immediate function there were 
13 negative values, i.e. there was utilization of FFA 
from the perfusate. The mean value was —7-1 per 
cent (range ~ 0-1 to — 22 per cent). The other 8 values 
in this group showed a positive change with a mean 
of +10 per cent (range +4 per cent to +26 per cent). 
Similarly, in the delayed function group there were 
4 negative values, with a mean of —5-1 per cent 
(range — 2-4 per cent to — 8-2 per cent), and 7 positive 
values, with a mean of + 20°69 per cent (range +10 
per cent to +50 per cent) (Fig. 4). 


Cation ratio in cortical biopsies 

The mean cation ratio in 14 kidneys with immediate 
function was 3-1 + 1-2 (range 1-3--5-2), which compares 
with a mean value of 39410 (range 2-4-5-3) in 
those 6 kidneys tested which showed delayed function. 
Unfortunately biopsies were not taken from the 
2 kidneys which failed to function. 


Discussion 

It is common practice in the United Kingdom for 
kidneys to be removed from a cadaveric donor after 
cardiac arrest has occurred. Under conditions of 
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Fig. 1. The fall in perfusate pH after 1 h of perfusion. 


organ donation in which ventilatory support is with- 
drawn, cardiac arrest may not occur for 20 or 30 min. 
During this period, the kidneys are perfused with 
blood of low oxygen content and at low pressure, so 
that agonal damage is inevitable. After the kidneys 
have been removed and cooled they are usually 
transplanted locally within a few hours or transported 
to other recipients in the UK who are well matched 
as judged by the tissue typing. By the time that the 
distant transplant team has received the kidney, it is 
often 8 h or more since the organ was removed. The 
surgeon is faced with the decision whether to trans- 
plant an organ which may have severe or even 
irrecoverable ischaemic damage and which may be 
one of the 17 per cent of kidneys in this country which 
never function after transplantation. Another large 
group of kidneys function only after delay, presumably 
owing to acute tubular necrosis. This situation creates 
an additional difficulty during the first few weeks after 
transplantation, for the detection of rejection largely 
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Fig. 2. The rise in perfusate lactate concentration after I h 
of perfusion. 


depends upon deterioration patterns in renal function 
and thus undetected immunological damage may 
occur. There is clearly some advantage in an assess- 
ment of the kidney prior to transplantation which will 
indicate those kidneys with severe ischaemic damage 
and those in which delay in function is to be expected. 

The methods available for organ viability assess- 
ment are largely dependent upon the organ preserva- 
tion technique employed by the transplant team. 
Those groups who prefer simple cooling with various 
preservation fluids are limited to an analysis of renal 
biopsies of the whole organ, whilst those teams who 
use organ perfusion have the opportunity to observe 
the ease with which perfusion occurs and to measure 
metabolites washed out from the kidney. 

Studies of renal morphology recorded by light and 
electron microscopy have no practical role in the 
assessment of kidney viability immediately prior to 
transplantation. However, biopsy material may be 
used in other ways. The tetrazolin bromide test 
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Fig. 3. The rise in perfusate LDH after | h of perfusion. 


described by Terasaki et al. (1967) assesses the 
functional integrity of cellular respiratory enzymes. 
Though the test is rapid to perform, the results are 
seldom clear cut and the test has not found widespread 
acceptance. Hardie et al. (1973) and Couch et al. 
(1967) used the ability of viable cells to maintain a 
cell membrane or redox potential and a normal cell 
surface pH as a means of assessing whole organ 
viability. Though there is considerable evidence that 
a falling surface pH indicates necrosis, there does 
not seem to be a reported correlation between sub- 
sequent function of human grafts and redox potential 
measurements. 

More recently, the ability of intact cells to preserve 
the normal ionic concentration of intracellular 
potassium and sodium has been evaluated as a test 
of organ viability (Sells and McLoughlin, 1973). 
These workers demonstrated that the ratio of 
potassium : sodium in canine renal biopsies declines 
with the increasing duration of cold storage and 
found that a ratio of 3-5 was necessary for immediate 
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Fig. 4. The change in FFA concentration after 1 h of 
perfusion. A percentage decrease indicates substrate 
utilization and an increase suggests breakdown of renal 
lipid products. 


function after preservation for 24h and that no 

kidney in the non-function group had a cation ratio 
of greater than 0-5. In this study the measurements of 
cation ratio of the human renal biopsies were per- 
formed after varying periods of warm and cold 
ischaemia but always before perfusion. We found no 
correlation between the duration of ischaemia and 
the cation ratio. Furthermore, the mean cation ratio 
in the group of kidneys with delayed function (mean 
3-9+1-0) was higher than that found in biopsies 
from kidneys with immediate function (mean 3-1+ 
1-2). Unfortunately biopsies were not taken from the 
two kidneys which failed to function at all, but the 
wide overlap of values between those kidneys with 
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delayed and immediate function suggests that the test 
does not have the same degree of discrimination as 
found in the animal model. The more recent test of *I- 
iodohippurate incorporation into renal slices reported 
by Williams et al. (1976) may make this approach a 
more sensitive indicator of organ viability. 

Periods of both warm and cold ischaemia lead to 
anaerobic metabolism and to the accumulation of 
acid radicles and other metabolites within the organ. 
During the first hour of perfusion these acidic 
metabolites are flushed from the kidney and are then 
detectable in the perfusate. Johnson et al. (1973) used 
the fall in perfusate pH and the rise in perfusate 
pCO, to assess the degree of anaerobic glycolysis and 
related it to subsequent function after transplantation. 
In our study the mean pH fall (0:15 +0-07) and rise 
in pCO, was lower in those kidneys with immediate 
function than in those with delay, but there was 
considerable overlap within the two groups. The 
value of this type of approach appears to be em- 
phasized by a fall in pH of 0:35 in one of the kidneys 
which failed to function at all. However, it is equally 
interesting that one of the kidneys with immediate 
function had a similar fall in pH and clearly should 
not have been discarded on this basis. Baxby et al. 
(1974) demonstrated increased levels of perfusate 
lactate in association with delayed or non-functioning 
human kidneys. In their study, which is not strictly 
comparable with the present one, lactate levels of 
21 mg/100 ml or more were found in kidneys which 
had delayed function and values below 19 mg/100 ml 
were almost always associated with immediate func- 
tion. In this study we have not been able to find such 
a discriminatory level of perfusate lactate, even 
accounting for the difference in perfusate volume and 
taking into account the weight of the kidney. In this 
regard we agree with the report of Stephenson et al. 
(1975). Furthermore, the lactate values in the per- 
fusate in our two non-functioning kidneys were 
relatively low at 11-9 and 10-2 mg/100 ml respectively. 

The release of cytoplasmic enzymes on death of the 
cell has been used by many groups to indicate organ 
viability (Belzer et al., 1968; Abouna et al., 1974; 
Stephenson et al., 1975). Like Johnson et al. (1973), 
we found that kidneys with immediate function had a 
significantly lower lactic dehydrogenase release than 
those with delayed function. The overlap in values 
was considerable and lacked definite cut off points, 
but one of the non-functioning kidneys had the 
highest LDH of all, the other one having one of the 
lowest values. If the criteria of organ acceptance 
were to depend upon the upper limit of LDH release 
from immediately functioning kidneys, 3 kidneys 
would have been discarded, 2 unnecessarily. Using a 
similar criterion of LDH release from kidneys with 
delayed function, 2 kidneys would have been dis- 
carded, 1 unnecessarily, and the other totally non- 
functioning kidney would not have been detected. 

It is known that free fatty acids are the preferred 
substance for energy production by the kidney under 
hypothermic conditions. Thus, Huang et al. (1971) 
found that the hypothermically perfused dog kidney 
lost a part of its endogenous lipid and perfusion with 
albumin-bound oleate reduced this loss. Abouna et 
al. (1974), investigating canine kidneys, found a 
correlation between the accumulation of FFA with 
perfusate and the subsequent autograft failure. In 
this study 13 of the 21 kidneys which functioned 


immediately appeared to utilize FFA in the perfusate 
whereas 7 of 11 kidneys with delayed function 
seemed to release lipids into the perfusate. In 1 non- 
functioning kidney the value increased by 38 per 
cent, indicating release of lipids, whereas in the other 
non-functioning kidney there was slight utilization 
(0-6 per cent). Clearly the handling of FFA or lipid 
release is not sufficiently distinctive to forecast 
accurately subsequent graft function. 

The ability of the preserved kidney to accept flows 
of 1 ml gmin at perfusion pressure of less than 
60 mmHg has been a widely applied criterion of 
organ suitability for transplantation (Belzer et al., 
1968; Stephenson et al., 1975). Organs have been 
summarily discarded when spasm of the renal vessels 
or oedema of the kidneys have prevented this criterion 
from being satisfied. It is our experience that flow is 
commonly low at the onset of perfusion but may be 
gradually increased by small increments during the 
first hour. The flow rates at 1 h in the kidneys with 
immediate function were no different from those 
with delayed function, nor was there any difference 
in the calculated vascular resistance. Taking the 
criterion for discard reported by Baxby et al. (1974) 
of 0-5 mlg-tmin- we would have discarded 2 
kidneys unnecessarily, though 1 of the 2 non- 
functioning grafts would have been correctly refused. 
However, this criterion would not have predicted the 
non-function of the other kidney. 

This study has investigated the value of a number of 
viability tests on perfused human renal tissue and is 
distinctive in so much that all organs have been 
transplanted irrespective of the findings and none was 
discarded. Though the evidence of cell damage as 
judged by intracellular enzyme release, anaerobic 
glycolysis and vascular resistance has shown trends 
which would indicate ischaemic damage to the kidney, 
none has given an absolute indication of irreversible 
cell damage. It seems more appropriate at this stage 
to rely on the historical detail of the cadaveric donor 
and the type and duration of the agonal period prior 
to cooling in judging whether a kidney may be safely 
transplanted. 
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Foam elastomer dressing in the management of open 


granulating wounds: experience with 250 patients 
R.A. B. WOOD, R.H.P. WILLIAMS AND L. E. HUGHES* 


SUMMARY 

Our experience in the use of a silicone foam elastomer 
in the dressing of granulating wounds is described in a 
series of 250 patients. Among the types of wound treated 
were a pilonidal sinus, abdominal, perianal and peri- 
neal wounds, bed sores and diabetic gangrene of the 
foot. The technique has marked advantages over con- 
ventional packing of wounds in relation to patient 
comfort and saving of nursing time in hospital, and 
can eliminate the need for district nursing care in the 
domiciliary situation. Details of preparation, appli- 
cation and surgical management are given. 


GRANULATING wounds are common in general 
surgical practice. Good management of the wound 
depends on adequate surgical drainage, general 
cleanliness by the patient and careful daily dressings 
by a nurse. It is this latter procedure which causes the 
patient discomfort and may disrupt the outer layer of 
fibroblasts and capillary loops as they adhere to the 
dressing. An ideal dressing for a granulating wound 
would be non-adherent, non-allergenic, slightly 
absorbent and would allow air into the wound. 
Polymerized silicone foam elastomer approaches this 
ideal and its use has been shown in a comparative 
study (Wood and Hughes, 1975) to be of benefit in the 
management of the wounds following laying open of 
pilonidal sinuses. Patient comfort is markedly 
increased, wound dressings by nursing staff are 
eliminated or significantly reduced and the patient is 
able to return to work during the healing period. 

The success of this technique has led to the estab- 
lishment of a granulating wound clinic at the University 
Hospital of Wales where an average of 4 new cases is 
seen each week. This paper summarizes the current 
experience of the clinic with pilonidal sinus wounds 
and describes five other situations where granulating 
wounds have been successfully treated by a similar 
techaique. Careful attention to detail is essential 
for success with this method, and hence specific 
aspects of the method in each clinical situation are 
described, 


Results 

The results in the six major groups are summarized in 
Table I. In all situations this method has rapidly 
gained acceptance and preference over conventional 
packing by both patients and nursing staff. 

Eighteen patients defaulted from follow-up before 
healing was completed and sound healing occurred in 
98 per cent of the remaining 232 cases. Four of 5 
failures were due to incomplete surgery for anal 
fistula; the remaining patient developed repeated 
breakdown of a pilonidal sinus wound (there was 
indirect evidence that this may have been self induced). 

The general technique and the progression of wound 
healing are illustrated in Figs. 1-4, which show the 
application of the dressing to a large wound resulting 
from excision of a recurrent pilonidal sinus. The wound 
healed in 129 days but the patient was able to remain 


at work as a painter and decorator for all but 2 weeks 
of this time. 

Examples from two other groups are shown in 
Figs. 5 and 6: slow-healing wounds following excision 
of gangrenous toes and sloughing tendons during 
conservative operations for diabetic gangrene (Fig. 5); 
and breakdown of abdominal wounds as seen parti- 
cularly in malignancies (Fig. 6). The technique is of 
special value for the latter group, allowing them to 
spend as much as possible of their remaining life at 
home. Application of the elastomer dressing to bed 
sores has given the advantages of patient comfort, 
ease of cleaning and minimal trauma to healing 
granulations. Our experience is largely with younger 
patients with multiple sclerosis and healing was 
satisfactory when normal nursing procedures were 
assiduously carried out. 

The sole complication seen in this series has occurred 
in a female patient provided with an elastomer stent 
for a perineal wound following proctocolectomy for 
ulcerative colitis. Some weeks later a profuse vaginal 
discharge led to an examination under anaesthetic. A 
small fistula between the perineal cavity and the 
vagina was demonstrated. Although the cause of the 
fistula was not certain, it appeared that it arose from 
pressure necrosis at the posterior vaginal wall caused 
by the elastomer mould, aggravated by a forward- 
directed coccyx. The fistula was closed surgically and 
the perineal wound subsequently closed slowly but 
uneventfully. 


Technique 

Although the attractiveness of this technique lies 
partly in its simplicity, careful attention to detail is 
important if optimal results are to be obtained. 


Constitution of the elastomer i 
The material used is Dow Corning silicone (X7-9100) 
with catalyst. At the start of each session the elastomer, 
supplied in 1 ib tins, must be thoroughly stirred with 
a wooden spatula. During even a short period of 
storage a thick caramel-like sludge will collect at the 
bottom of the tin and must be evenly incorporated into 
the rest of the mixture to ensure a reproducible result 
and a soft pliable stent. The materials should be 
stored in a cool place but allowed to reach room 
temperature before use so that the setting time of the 
foam is not inconveniently prolonged. 

When handling the unpolymerized elastomer and 
catalyst non-sterile plastic gloves should be worn to 
guard against any long term skin sensitization of the 
physician (sensitization of the patients has not been 
seen). The viscous elastomer is drawn up in a 10-ml 
syringe and 0-6 ml of the catalyst in a 2-ml syringe. 
These quantities or similar proportions are mixed in a 
small container with a wooden spatula. After 15s 
vigorous stirring to ensure uniform cell structure in the 
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Fig. 1. A large open granulating wound following excision 
of lateral sinuses. 
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Fig. 2. The foam stent in position retained by Micropore 
tape. 
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Fig. 3. The wound is fully healed 129 days postoperatively. 
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Fig. 4. A collection of the stents changed weekly in the same 
patient. 


Table I: RESULTS OF USE OF ELASTOMER DRESSING IN SIX TYPES OF WOUND 


Mean Time stent 
No. of age used (d) 
Condition patients (yr) Mean Range 
Pilonidal sinus 143 25 25 7-42 
Granulating perianal 26 42 21 4-30 
wounds 
Perineal wound 22 51 61-5 29-178 
(rectal excision) 
Conservative surgery 7 66 34 14-94 
for diabetic foot 
Sacral bed sores 12 46 43 10-56 
Abdominal wall 30 42 26 9-38 


wound breakdown 


Time to 
complete 
healing (d) No. of 
Mean Range defaulters Known failures to heal 
56 28-153 12 1 Wound kept open by patient? 
46 9-84 5 4 Reoperation: fistulous track 
overlooked at initial opera- 
tion 
152 48-483 0 
69 26-163 0 1 89-year-old patient died before 
healing complete 
88 42-340 0 0 
44 12-168 3 0 





finished stent, the elastomer is delivered into the 
wound. It will expand to four times its own volume, 
filling the wound and setting to a soft foam in about 
3 min. The mixture should be allowed to flow freely 
when poured into the wound. It should not be scraped 
out of the mixing container as this may disrupt the 
entrapment of hydrogen gas causing a hard spot in the 
foam stent. It is possible to obtain some leeway in 
setting time by varying the catalyst concentration 
without noticeably affecting the consistency of the 
stent. If the elastomer is too hard, it will be uncom- 
fortable for the patient and may delay healing or lead 
to complications from pressure necrosis. The consis- 
tency must always be checked to ensure that it is 
uniformly soft and spongy. 


General technique of application to the wound 

The wound to be treated by the elastomer stent should 
be one which would be considered a good surgical 
wound if it were treated by conventional packing. 
Where a stent is to be used electively after surgery, the 
surgical excision should be planned with this in mind, 
and it is our routine practice to pack the wound with a 
flavine-soaked gauze roll for 3 or 4 days so that a firm- 
walled cavity is produced. 

When ready for a stent, the wound is cleaned and 
the wound edge shaved so that the elastomer does not 
become enmeshed in any hair. With open wounds, 
the constituted elastomer is simply poured into the 
cavity; with a deep wound, it is put into a bladder 
syringe and delivered to the depths of the wound. 
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chronic lymphatic leukaemia. 


Any untoward protuberance of the stent may be 
trimmed with ‘clean’ scissors. By marking the external 
surface of the stent with a ballpoint pen, the patient is 
able to orientate it correctly when he replaces it in the 
granulating wound after bathing. This requires little 
practice before he is able to replace the stent unaided. 

The patient is instructed to remove the foam 
dressing and take a salt bath twice daily. The stent is 
washed under cold running water and soaked for 
10 min in aqueous hibitane 1/200 solution in order to 
retain its soft pliancy. The wound is inspected at a 
weekly follow-up clinic, when a new stent is moulded 
and the wound edges shaved again as necessary. Care 
is taken that no pockets with impaired drainage are 
allowed to develop. 


Variations in technique for specific types of wound 
Perianal wounds: To apply the foam elastomer 
dressing the patient lies on the buttock which contains 





Fig. 7. Recommended position for elastomer application in a 
patient with an excised rectal fistula. 
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Fig. 8. Lateral view of a sinogram showing the position of the 
coccyx and the sacral hollow. 


the fistulous tract or cavity (Fig. 7). The constituted 
elastomer is poured into a 10-ml syringe with the 
plunger removed. The plunger is replaced and the 
elastomer expressed from the syringe into the rectal 
end of the fistula wound. The polythene package 
containing the syringe is retained so that, as finger 
and thumb of one hand keep the skin edges of the 
tract separated, the other hand holds the polythene 
syringe packet over the setting elastomer. This helps 
to produce a compact and smooth-surfaced elastomer 
dressing. 

Perineal wounds following rectal excision: The silicone 
sponge method of treatment is applicable to perineal 
wounds following rectal excision for cancer or 
inflammatory bowel disease provided that the perineal 
wound is superficial. This is determined by explora- 
tion under anaesthetic or by an accurate sinogram 
using a Foley catheter with a distended balloon. 
The cavity on sinography, with X-rays taken antero- 
posteriorly and laterally, may show the wound to 
have a deep extension anterior to the sacrum, with a 
narrowed communication as it passes through the 
levator ani at the level of the coccyx (Fig. 8). The 





lal al al al sl 


Fig. 9. A stent for a superficial perineal wound, showing the 
handle for ease of management in the first few days after 
application of the stent. 


technique of dressing the perineum with foam elasto- 
mer is only applicable to the pyramidal superficial 
wound after the deep extension has been obliterated 
with conventional packing. The sponge is made with 
a large ‘handle’ (Fig. 9) so that the patient may more 
easily remove the dressing from his perineum (Fig. 10). 
After 3 or 4 days, the handle can be cut off, making 
sitting more comfortable. 


Discussion 

The advantages of this technique are twofold: 
increased patient comfort and decreased nursing care. 
So great are these two advantages that they alone 
justify its use, provided that there are no serious 
disadvantages, and no such disadvantages have been 
demonstrated in this series of 250 patients. Added 
benefits, such as allowing patients to continue work 
throughout the healing period, have been noted. 
It should be stressed, however, that the method as 
described is only a significant improvement over the 
conventional packing technique and it does not 
diminish the need for careful surgical planning of 
wounds and meticulous (though less frequent) 
observation of the wound to prevent bridging and 
pocketing. The introduction of a method involving a 
foreign substance being put into a wound by a non- 
sterile technique is bound to be treated with suspicion. 
However, it is common clinical experience that pro- 
vided a wound is open and drainage absolutely free, 
infection is not a problem. In this situation the 
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Fig. 10. The stent plus handle in place in the same patient. 


elastomer mould is an ideal dressing, maintaining 
constant drainage. Provided frequent removal and 
bathing are practised and pocketing of the wound 
prevented, no problem with persisting infection has 
been seen in this series. 

The silicone foam used in this technique has had a 
long life of clinical use. It is non-toxic (Yeakel, 1968) 
and has been found in a large series to be non-carci- 
nogenic (de Cholnoky, 1970). The primary elastomer, 
the catalyst and the polymerized foam have been put 
into the peritoneal cavity of dogs for periods of up to 
18 months without serious toxic effect (Dow Corning). 

Clinical impressions and results of incompletely 
controlled studies have strongly suggested that the 
technique leads to faster healing than conventional 
packing. This will be proved only by a formally 
controlled trial, which is at present being conducted. 
Meanwhile, we consider that the proved advantages 
to patient and nursing staff are so great that any 
change in the rate of healing, for better or worse, is of 
lesser practical significance. 
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latrogenic injury to the phrenic nerve in 


infants and young children 
A. J. MEARNS# 


SUMMARY 

Five cases of iatrogenic phrenic nerve injury in infants 
are presented. The difficulties of diagnosis and treatment 
are outlined and reference made to the possible sites of 
injury. The necessity for early recognition of the injury, 
and its prompt relief if indicated, are stressed. 


EVENTRATION of the diaphragm is one of the more 
uncommon causes of respiratory distress in infancy. 
A congenital eventration of the diaphragm shows little 
or no development of the muscle components and 
there remains only a membrane separating the 
abdominal from the pleural cavity. Acquired even- 
tration is the result of phrenic nerve damage and is 
often related to birth trauma (Bishop and Koop, 
1958). In such circumstances, the muscular element of 
the diaphragm is normal initially although it moves 
paradoxically. It is the paradoxical movement of the 
paralysed diaphragm which causes the respiratory 
dysfunction, and the higher position may predispose 
to volvulus of the stomach. Radiological observation 
clarifies the problem, but the use of positive pressure 
ventilation in resuscitation frequently means that the 
child does not have a chest X-ray until the immediate 
respiratory distress has been treated. With positive 
pressure ventilation the diaphragm resumes a normal 
position and the correct diagnosis is not obvious. 

It has been our experience that the diagnosis is often 
delayed, and we would suggest from our observations 
that the clue to diagnosis is an X-ray or screening off 
the ventilator. Our experience with 5 infants who 
suffered iatrogenic eventration of the diaphragm 
indicates that a wider knowledge is required of the 
problems and management of this condition. 


Case reports 

Case 1: A baby girl of 371 kg (8 Ib 3 oz) was born with a 
swelling in the neck and suffering from dyspnoea with cyanotic 
attacks. She was transferred to the neonatal surgical unit 8 
hours after delivery. Thoracic inlet obstruction was diagnosed. 
Chest X-ray showed a large superior mediastinal tumour, which 
a Ryle’s tube in the oesophagus showed to be anterior to the 
oesophagus. There was evidence of superior vena caval 
obstruction and tracheal compression. At exploratory opera- 
tion through a right thoracotomy a large, benign teratomous 
mass was removed after a difficult dissection. There was a 
cardiac arrest on the table but the patient was resuscitated 
very quickly, 

The initial course of recovery was good and there was no 
evidence of any chest complications. The patient was trans- 
ferred to her referring unit and was then discharged home. 
Four weeks later she was readmitted to hospital, having had 
several respiratory tract infections within the brief period 
since discharge. A routine X-ray of the chest showed her to 
have an elevation of the right hemidiaphragm and screening 
demonstrated that the right hemidiaphragm moved para- 
doxically. 

She was treated with antibiotics and physiotherapy and was 
observed over a period of months. Although she suffered from 
intermittent respiratory infections, these were controlled with 
conservative medical treatment. 


Case 2: A full term infant weighing 2-75 kg (61b 1 oz) was 
transferred to the neonatal surgical unit with presenting 


symptoms of tracheo-oesophageal fistula when 12 hours 
old. 

On exploration there was a 34-cm gap between the two ends 
of the oesophagus, and the patient was treated with a primary 
gastrostomy and oesophagostomy. On admission a systolic 
murmur over the precordium was noted; a ventricular septal 
defect was later confirmed at angiography. He suffered from 
severe recurrent congestive cardiac failure during the following 
months, but this responded to medical therapy. 

At age 10 months the first stage of the colon transplant was 
performed. Whilst bringing the colon through the roof of the 
left thoracic inlet to the left side of the neck, extensive bleeding 
occurred. Diathermy was required to control this. 

Postoperatively we were unable to wean the child off the 
ventilator, and after 7 days phrenic nerve injury was suspected. 
Subsequent screening confirmed this and the child had a 
plication of the left hemidiaphragm, coming off the ventilator 
the following day without difficulty. He had no further 
respiratory problems. Indeed 4 months later he passed through 
the second stage (anastomosis in the neck of the oesophagus 
to the colon transplant) without difficulty. 

The ventricular septal defect seemed of little consequence. 
He had few symptoms and it was felt unnecessary to attempt 
operative correction as it seemed to be closing spontaneously. 


Case 3: A full term, normal delivery infant weighing 2:27 kg 
(51b), dyspnoeic and cyanotic at birth, was referred to the 
cardiac unit when 4 days old. Gross cyanosis with congestive 
cardiac failure suggested a diagnosis of transposition of the 
great vessels, confirmed by venous angiogram. A Rashkind 
procedure was performed. The child had a difficult post- 
operative course at first, with a chest infection, recurrent 
hypoglycaemia and metabolic acidosis. At the age of 3 months 
cardiac catheterization was repeated. The intra-atrial defect 
was limited and it was decided to perform a total correction. 
A Mustard’s procedure was carried out without difficulty, 
using a pericardial baffle. 

The child made a good postoperative recovery at first, coming 
off the ventilator after 2 days, but there was a persistent 
problem of collapse of the left lung, although the child did not | 
require further ventilation. Screening showed that movements 
of the left hemidiaphragm were weak but not paradoxical, 
although the lett hemidiaphragm was elevated. It was felt that 
the child had probably suffered some damage to the phrenic 
nerve but that it was incomplete. 

During the following weeks, although the child had frequent 
episodes of pulmonary collapse, usually of the left lung, he 
improved with antibiotics and physiotherapy. Three months 
postoperatively the diaphragm was still elevated but the child 
appeared to be doing well. 


Case 4: A male infant weighing 2:13 kg (4 Ib 11 oz) and of 36 
weeks’ gestation (forceps delivery) presented with dyspnoea 
and was referred at the age of 3 weeks to the cardiothoracic 
unit. A diagnosis of ventricular septal defect with respiratory 
infection was made and a right heart catheter confirmed these 
observations. The pulmonary artery systolic pressure was 
55 mmHg. After banding the pulmonary artery the pulmonary 
arterial systolic pressure was 20 mmHg; right ventricular 
systolic pressure was 50 mmHg. Postoperatively he required 
ventilation for 5 days before he could be weaned off the 
ventilator, using a continuous positive airways pressure 
system. Chest X-ray after 7 days showed an elevated left hemi- 
diaphragm. He struggled on with continuing problems in the 
left lung until after 18 days he collapsed and was reintubated 
and reventilated. Chest X-ray showed a collapsed left lung and 
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a greatly dilated stomach (Fig. 1). He settled down after 
gastric aspiration and was extubated after 4 days. Ten days 
later, he suffered a similar incident requiring vigorous resuscita- 
tion. A barium meal showed a volvulus of the stomach (Fig. 2). 
We repaired the volvulus through a transverse laparotomy, 
using gastropexy. Further collapse of the left lung occurred 5 
days later and the child was again reintubated and ventilated. 

Screening showed paradoxical movement of the left hemi- 

diaphragm. The left hemidiaphragm was plicated and the child 
had no further incidents of major respiratory distress. We 
proceeded to second stage closure of the ventricular septal 
defect and debanding at the age of 3 years. He tolerated this 
procedure without incident and there were no untoward 
respiratory problems. 
Case 5: A full term, normal delivery female infant was trans- 
ferred to the cardiothoracic unit at 1 day old with central 
cyanosis which worsened on crying. A diagnosis of supra- 
cardiac total anomalous pulmonary venous drainage was 
confirmed at cardiac catheterization. 

At 2 weeks old a total correction under deep hypothermia 
was performed. The atrium was anastomosed to the posterior 
transverse conduit. The child required ventilation for 14 days 
and was maintained by vigorous physiotherapy. The left 
hemidiaphragm was raised on chest X-ray, but on screening 
moved slightly but not paradoxically. Repeated periods of 
collapse of the left lower lobe were managed with physio- 
therapy and antibiotics over the next 2 months but the dia- 
phragm was not plicated. 


Discussion 

The mechanics of respiration in the infant and 
newborn are different from those of the adult. At 
birth the angle of the superior aperture is horizontal, 
i.e. the first thoracic vertebra and the upper border of 
the manubrium sterni are at the same level. With 
growth, the manubrium sterni descends several 
centimetres below the first thoracic vertebra (Engel, 
1947). This descent does not start until the infant is 
6 months old and is not complete until the age of 
10 years. In the infant the costal arc is flat and does 
not increase in size and curvature in the first few 
months, then it increases rapidly after 6 months to 
reach the normal shape at 2 years (Engel, 1947). These 
phenomena dictate that the diaphragm is the vital 
motive force for spontaneous respiration in the infant. 

On screening of the normal infant, the left hemi- 
diaphragm moves more than the right; this is probably 
due to the splinting effect of the liver. 

The phrenic nerve is at risk in all intrathoracic 
operations. In our experience, damage was sustained 
at the inlet and in the area of the left atrial appendage. 
The phrenic nerve is also at risk during operations on 
the great vessels, e.g. the shunting procedures, and 
when dealing with anomalous vessels. When a piece of 
pericardium is taken for a patch or baffle, phrenic 
nerve injury is also a possibility. 

In 2 of our cases, difficulty occurred at the thoracic 
inlet during dissection and the nerve was irreparably 
damaged. At median sternotomy the phrenic nerve is 
not obvious except when the pericardium is being 
resected for prosthetic material. Another area at risk 
is the junction of the anterior aspect of the left 
pulmonary artery and pericardium; this is dissected to 
improve access to the pulmonary trunk, particularly 
when banding the pulmonary artery. 

Jewett and Thompson (1964) feel that phrenic 
nerve injury requires early identification and early 
plication as soon as the diagnosis is established. They 
feel that it is a potentially fatal condition and suggest 
that if phrenic nerve injury is suspected at operation 
nerve stimulation should be used to identify the 
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Iatrogenic injury to phrenic nerve 





Fig. 1. (Case 4.) Shows elevated left hemidiaphragm with 
gross gastric distension. There is an endotracheal tube in situ 
and there is evidence of right upper lobe consolidation. 





Fig. 2. (Case 4.) Barium study showing organo-axial volvulus 
of stomach and elevation of the left hemidiaphragm. 


problem, and immediate plication is recommended if 
injury is confirmed. Bishop and Koop (1958) had 4 
cases of birth trauma; they plicated 3 and the unplicated 
case died. 
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Our experience suggests that phrenic nerve injury 
can be complete or incomplete. In Jewett and 
Thompson's experience of 2 right and 1 left phrenic 
nerve injuries, both right and left hemidiaphragms 
were plicated. Their case of excision of the right upper 
lobe for pneumatocoel after staphylococcal pneumonia 
initially had a benign course but was then troubled by 
persistent chest infection and they found plication of 
the right hemidiaphragm to be necessary. The loss of 
the right upper lobe reduced lung function and the 
child was less able to tolerate the loss of its right 
phrenic nerve. 

However, if the right hemidiaphragm moves 
paradoxically plication is not imperative. 

In Case 1 we feel that phrenic nerve damage must 
have been complete; indeed the right hemidiaphragm 
moved paradoxically. It was possible to manage the 
patient conservatively. Two of our cases, Cases 3 and 
5, probably had incomplete phrenic nerve damage. In 
both cases the left hemidiaphragm was elevated but 
did not move paradoxically. These patients, although 
having stormy postoperative courses, survived with the 
use of conservative methods. 

Eventration of the diaphragm is an important 
predisposing cause of volvulus of the stomach (Tanner, 
1968). Indeed, had we been aware of this in Case 4, we 
would have screened the diaphragm and plicated the 
left hemidiaphragm as the elective treatment of the 
volvulus (Fig. 2). 

The effective resuscitation of our patients and the 
use of positive pressure ventilation made the early 
recognition of phrenic nerve injury difficult. Our 
experience suggested that a chest X-ray must be 
taken with the child off the ventilator and that 
screening should be done whilst the child is breathing 
spontaneously. We feel that these investigations must 
be considered early in the management of all prolonged 
respiratory problems after intrathoracic operations in 





infants. Paradoxical movement of the left hemi- 
diaphragm is a positive indication for plication 
(Bishop and Koop, 1958; Jewett and T hompson, 
1964). Plication should be considered for other patients 
with elevation of the left hemidiaphragm if the 
respiratory problems are intractable. We believe that 
it is wise to plicate the left hemidiaphragm, if the 
phrenic nerve is thought to be injured, at thoracotomy. 
If it is possible to test phrenic nerve function by a 
nerve stimulator, this should be performed to provide 
confirmatory evidence. 


Conclusion 

Phrenic nerve injury as a cause of acute respiratory 
distress in infants after intrathoracic operations 
requires early diagnosis and assessment for its relief. 
A high index of suspicion is necessary and appropriate 
X-rays need to be taken with the child breathing 
spontaneously; diaphragm screening and chest 
X-ray are vital for its recognition. Volvulus of the 
stomach may be a sign of eventration and not the 
primary pathology. 
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A significant advance in 
the management of septic shock 


The high risk of toxic reactions is often 
the reason for delaying the introduction of 
catecholamine therapy in septic shock. With 
the availability of Intropin (dopamine HCI), 
however, this situation has changed. Not only 
does Intropin significantly increase cardiac 
output and vital organ perfusion, it does so 
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with few undesirable side effects. To quote 
from a recent symposium:* 

“dopamine is probably the safest of the 
inotropic agents to start with...” 

“._. inotropic support with dopamine would 
constitute part of the routine management of 
the patient with septic shock.” 
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Effects of structural configuration of prosthetic 
aortic valves upon coronary blood flow 


HANI N. SABBAH, EDWARD F. BLICK, AND PAUL D. STEIN* 


SUMMARY 

This study was performed in order to determine the 
effects of the structural configuration of prosthetic 
aortic valves upon coronary blood flow. A pulse- 
duplicating system was utilized to which a rigid model of 
the root of the aorta and the left artery were attached. 
A stented normal human valve, stented porcine valve, 
pivoting disc valve, tilting dise valve and a caged ball 
valve were tested at simulated resting conditions. The 
results showed that the pulse configuration and propor- 
tions of coronary flow that were systolic and diastolic 
changed with various valves. There was no significant 
reduction of the mean simulated coronary flow with the 
porcine valve or disc valves. Coronary flow was aug- 
mented with the caged ball valve. These differences were 
interpreted as being due to several fluid dynamic 
phenomena. These were piston effects, inertia of 
reversed blood flow, torque and the effects resulting 
from the unique pressure distribution on each valve. 


THE functional state of the aortic valve is known to 
affect coronary blood flow (Bellhouse and Bellhouse, 
1968). The effect of various types of aortic prosthetic 
valve upon coronary flow has not been explored in the 
past. This investigation was undertaken to determine 
the effects of the structural configuration of commonly 
used types of aortic valve upon coronary flow. The 
interpretation of the results, although conjectural in 
nature, provides an explanation of the possible 
mechanisms involved from the viewpoint of fluid 
dynamics. 


Methods 

Studies were performed with a pulse-duplicating system, 
utilizing a model of the root of the aorta to which was attached 
a simulated coronary artery and in which various valves were 
inserted. The effects upon coronary flow of a stented normal 
human aortic valve, a stented normal porcine valve, a caged 
ball valve and two forms of disc valve were investigated. All 
the valves utilized had an internal diameter of 24-25 mm, 
except the ball valve, the largest internal diameter available 
being 20mm. The dimensions, brand names and model 
numbers of these valves are given in Table I. 


Table I: DETAILS OF AORTIC VALVES TESTED 


Orifice 
diameter 
Type Model Source (mm) 
Human aoe Cadaver 25 
Porcine 242 Hancock Laboratories 25 
Inc., Anaheim, Ca 
Pivoting Lillehei-Kaster Medical Incorporated, 25 
disc 25058 Minneapolis, Mn 
Tilting  Biörk-Shiley Shiley Laboratories 24 
disc XAP 116 Inc., Santa Ana, Ca 
Caged Starr-Edwards Edwards Laboratories 20 
ball 2300 Inc., Santa Ana, Ca 


The pulse-duplicating system, modified from a;comparable~.._ 


system utilized by others (Olin, 1971), consisted ofa rigid’ model 


of the left ventricle and root of the aorta through which’isotonic = 


saline was made to flow. Attached to the aortic test chamber 
was a simulated coronary circulatory system (Fig. 1). In series 
with the aorta, there were a compression chamber, corrugated 
rubber tubing, laminar resistor and reservoir. Flow was 


produced by a pulsatile pump (Model No. 1432, Harvard. Aes 


Apparatus Co., Millis, Mass.). The maximum stroke volume ~ 
and pump rate were such that only data simulating resting. 
conditions were obtained. The dimensions of the root of the. 
aorta were based upon tracings of aortograms of normal. 


subjects and were within the range measured by others. > 


(Swanson and Clark, 1974) (Fig. 2). A rigid model of the left 
ventricle was attached proximal to the aortic valve. The outfiow 
tract was tapered and the ventricular chamber was fabricated. 
in the form of an ellipsoid with a minor axis of 4-5 cm and a 
major axis of 10:5 cm. 

The ostium of the coronary artery was placed close to the 
sinus ridge; the diameter of the ostium was 0-3 cm. The usual 
location of the coronary ostium varies between the ridge and 
the midpoint of the sinus (Bellhouse and Bellhouse, 1968). _ 
Flow in the simulated coronary artery was measured with an 
electromagnetic flow transducer (Biotronex Laboratories Inc., 
Silver Spring, Md) and was adjusted at 2-8 ml/beat during 
studies of the stented human valve. Systolic flaw was adjusted 
at 26 per cent of total coronary flow in order to simulate 
resting conditions with a normal valve (Gregg and Fisher, 
1963; Khouri et al., 1965). Flow in the simulated coronary 
artery in the presence of a stented normal human valve was 
set at levels which were higher than average but comparable 
with levels of flow that would be expected at rest in the left 
coronary artery of a large adult male (Gorlin, 1970), Once a 
proper coronary flow was established with the human valve, 
the coronary resistance was maintained at constant values 
during studies with the other valves. 

Aortic pressure was measured along the midline of the axial 
stream of flow through a 15-gauge needle attached directly to a 
P23Db transducer (Statham Instruments Inc., Oxnard, Ca). 
Aortic flow was measured with a cannulating electromagnetic 
flow transducer (Carolina Medical Electronics, King, NC), 
located just distal to the valve testing chamber. 

The magnitude of systolic pressure was controlled by varying 
the fluid level in the compression chamber. The level of diastolic 
pressure was controlled by varying the adjustable clamp distal 
to the compression chamber. The laminar resistor (synthetic 
sponges enclosed within a Plexiglas chamber) and the corru- 
gated rubber tubing permitted control of the resistance and 
compliance of the simulated arterial system. The size of the 
laminar resistor and the length of the corrugated tubing were 
adjusted with the stented human valve to achieve configura- 
tions of pressure and flow which were comparable with those 
seen in patients. Pressure was maintained throughout the 
entire study at systolic levels of 1204-1 mmHg and diastolic 
levels of 85+ 1 mmHg. Pressures and flows were recorded on 
an eight-channel photographic recorder (Electronics for Medi- 
cine, White Plains, NY). The stroke volume was maintained 
at 70 ml/stroke with a pump rate of 69-:2 beats/min. The 
entire study was repeated three times on different days. The 
relative magnitudes of mean coronary flow were comparable, 
although the aortic pressure and coronary resistance were 
different on different days. The data presented are from the 
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Fig. 1, Diagrammatic illustration of the flow system (not to scale). Inset shows a retrace of 


aortic pressure and flow (ml/s) with a leafiet valve. 
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Fig. 2. Diagram to scale of the root of a simulated aorta 
showing the dimensions of the coronary artery and its 
position relative to the sinus of Valsalva. 


last day of study. Each measurement represents the mean of 
five consecutive beats. 


Results / 

The pulsatile characteristics of the simulated coronary 
flow were comparable with those known to occur in 
laboratory animals. Total coronary flow was com- 
parable with flow measured in the left coronary artery 
of patients (Table IH, Fig. 3). 


Coronary flow in the presence of a stented normal 
porcine valve was similar to coronary flow in the 
presence of a stented normal human valve (Table II, 
Fig. 3). Mean coronary flow with the caged ball valve 
was higher than that with the stented human valve or- 
stented porcine valve (Table H). Mean coronary flow 
with the disc valves was approximately the same 
as flow with the stented human valve. The systolic 
duration was increased with the disc valves, causing a 
higher systolic flow and a somewhat lower diastolic 
flow (Table H, Fig. 3). A sharper onset of diastolic 
coronary flow occurred with the disc valves than with 
the leaflet valves; this probably represented the fact 
that the compliance of the normal leaflets diminished 
the initial driving pressure which produces diastolic 
coronary flow. The rigid discs, however, being non- 
compliant, caused a rapid onset of diastolic coronary 
flow. 

Flow in the simulated coronary artery was affected 
by the direction of opening of the disc valves (Table II). 
Whenever the disc valves opened toward the coronary 
ostium, systolic coronary flow was greater than when 
the disc valve opened away from the coronary ostium. 
The relative differences due to the direction of opening 
were comparable with both valves. During diastole, a 
reverse effect was noted. Diastolic coronary flow was 
reduced when the disc valves opened toward the 
coronary ostium. Comparable reductions were noted 
with both valves. The absolute value of systolic 
coronary flow was higher and the absolute value of 
diastolic coronary flow was lower with the Lillehei— 
Kaster valve than with the Bjérk-Shiley valve, 
irrespective of the direction of opening. This may be 
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Fig. 3. Original tracings of simulated coronary flow (ml/min) in the presence of the various 
valves utilized in this study. Coronary flow during diastole was shaded in the presence of the 
human valve. With each valve, systole occurred with the onset of a second small peak, which 
appeared to represent a piston effect of the valves. The onset of systole and of diastole 

were determined from aortic pressiire tracings. 
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Table 11: CORONARY ARTERY FLOW DATA FOR ALL AORTIC VALVES TESTED 














Mean Mean 
Mean Mean Mean systolic diastolic 
Mean systolic diastolic coronary coronary coronary Systolic Diastolic 
coronary coronary coronary flow flow flow (% of % of 
flow flow flow (% difference (4 difference (% difference total total 
{mi/min) (ml/min) (ml/min) from human) from human) fromhuman) flow) flow) 
Human 193 48 145 _ = — 26 74 
Porcine 186 48 138 —4 0 —§ 26 74 
Lillehei~Kaster* 200 69 131 +4 +43 — 10 35 65 
(opening away from 
coronary artery) 
Lillehei-Kaster* 193 76 117 0 -+57 -19 39 6] 
(opening toward 
coronary artery) 
Bjork—Shiley 200 62 138 +4 -4-29 —§ 31 69 
(opening away from 
coronary artery) 
Bjérk—Shiley 193 69 124 0 +43 —14 35 65 
(opening toward 
coronary artery) 
Caged bail 228 76 152 +18 + $7 HS 34 66 





* Disc opening toward coronary artery illustrated in Fig. 4&(b); disc opening away from coronary artery illustrated in Fig. 6{a) 





a 
Fig. 4. Diagram of a leaflet valve (a) and a disc valve (b), 
showing the position of the valve and flow lines during the 
initial phase of opening. Postulated flow lines are based upon 
flow patterns shown by others (Olin, 1971; Weiting et al., 
1969). The flow lines show the motion of the valve in the 
direction of the moving boundary (i.e. the leaflet or disc). 
Fluid is pushed by the boundary toward the ostium of the 
coronary artery and is effectively forced through the vessel 
as if by a piston. Note that the disc valve, as illustrated here, 
is positioned so that it opens toward the ostium of the 
coronary artery. 


related to the larger angle of opening and the larger 
size of the disc of the Lillehei-Kaster valve. 

Coronary flow per stroke was augmented in the 
presence of a caged ball valve. This augmentation was 
due primarily to an increased systolic component of 
coronary flow (Table II, Fig. 3). 

In all non-leaflet vaives tested, there was a promi- 
nent increase in the systolic component of flow associ- 
ated with only a minor change in the diastolic flow 
(Table II). 


Discussion 

Comparisons of various prosthetic valves with the 
stented normal human valve were made in order to 
achieve objective differences that relate to the struc- 
ture of prosthetic valves. The porcine heterograft 


valve had a larger stent than the human valve. 
Myocardial supporting tissue protruded into the 
lumen of the valvular ring, possibly causing some 
functional differences (Sands et al., 1969). Because of 
this anatomical variation and the lengths of the leaflets, 
which were shorter than the human leaflets, the porcine 
heterograft valve was anatomically somewhat dis- 
similar to the stented human valve. This may have 
caused minor differences in coronary flow. 

With the onset of ventricular ejection, and during 
the rapidly rising period of aortic pressure, forward 
coronary flow in dogs initially and rapidly increases 
in the coronary artery. It then decreases promptly to 
new intermediate levels late in systole. With the onset 
of isometric relaxation, coronary flow increases 
significantly, peaking at early diastole and then 
declining progressively (Gregg and Fisher, 1963). 
Similar patterns were observed in this study. Such a 
similarity suggests that the pattern of flow may be 
largely related to mechanical factors. 

In disc valves, effects of a piston-like action, 
closing torque and effects of the inertia of blood 
during reversed flow would seem to cause the relative 
magnitude of systolic and diastolic flow to differ from 
that seen with leafiet valves. With disc valves, when 
they open toward the coronary artery, there is a 
slightly higher initial systolic flow than that observed 
with such valves opening away from the coronary 
artery. This appears to represent a piston effect 
caused by the disc moving toward the ostium of the 
artery (Fig. 4). During the steady state period of 
systole, no significant differences of coronary flow 
were observed between the leaflet valves and the disc 
valves. 

Closure of the disc valves was delayed relative to the 
leaflet valves, presumably owing to the time required 
for the development of sufficient torque necessary for 
closure. In contradistinction, the mechanism of 
closure of leaflet valves is dependent upon captured 
vortices within the sinuses of Valsalva (Bellhouse and 
Bellhouse, 1969). Disc valves which open with greater 
opening angles have a longer duration of systole and a 
shorter duration of disastole than disc valves which 
have smaller opening angles. (The Lillehei-Kaster 
valve opens approximately 80°; the Bjork—Shiley 











Fig. 6. Diagrammatic illustration of postulated flow lines 
showing the effects of inertia of the blood flow, which 
augments coronary flow when the direction of opening of 

the disc is away from the coronary artery. With reversed 

flow and the valve positioned in this direction, the inertia of 
the blood causes continuing flow through the coronary artery. 
a, Onset of closure; 6, just after closure. 


valve opens approximately 60°.) This is due to the 
fact that with large angles of opening the disc is 
nearly parallel to the centreline of flow and a longer 
period of time is required to develop sufficient torque 
for closure during the very early portions of reversed 
flow. Since diastolic flow is dependent upon the 
duration of diastole, diastolic flow diminishes as the 
diastolic period is shortened. Since the Bjérk—Shiley 
valve opens 20° less than the Lillehei-Kaster valve, 
torque sufficient for closure develops sooner with 
reversed flow and diastole is longer, thereby causing a 
higher diastolic flow (Fig. 5). 
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Fig. 5. Diagrammatic illustration of the postulated 
distribution of pressures on the disc of a pivoting disc valve 
(a) and a tilting disc valve (b) at the onset of closure. 

The relation of the distribution of pressures to the maximal 
angle of opening is shown. With smaller angles of opening, 
higher pressures are generated along the upper surface of the 
disc. The magnitude of the pressure vectors are for 
demonstration only and do not indicate measured values. 
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Fig. 7. Diagrammatic illustration of the distribution of 
pressures in the vicinity of the ball of a caged ball valve. 
Pressure distribution is based upon velocity distribution 
around a sphere (Parker et al., 1969). There is a higher static 
pressure at the distal end of the sphere than at its midpoint. 
This elevated pressure causes a higher driving pressure which 
causes higher coronary flow when the ostium of the 
coronary artery is located near the ridge of the sinus of 
Valsalva (position 1). if the ostium of the coronary artery 
were located at the midpoint of the sinus of Valsalva, 
coronary flow would be diminished, owing to lower static 
pressure at this site (position 2). It should be noted that the 
magnitude of the pressure vectors is for demonstration of 
principles and does not indicate measured values. 
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Higher rates of flow were noted during diastole with 
disc valves when the disc moves away from the coro- 
nary ostium. Under such circumstances the direction 
of closure of the disc was toward the coronary artery. 
Therefore, as closure was initiated, the flow of blood 
was directed toward the ostium of the coronary artery 
and the inertia of the blood caused the flow to continue 
through the vessel (Fig. 6). When the disc faced in the 
opposite direction, however, the inertia of the blood 
caused flow to be directed away from the coronary 
artery. 

The initial period of systolic flow was markedly 
accentuated with the caged ball valve, and this 
appeared to be due to a jet of blood directed toward 
the ostium of the coronary artery during the early 
period of ejection, possibly due to some piston effect. 
Systolic flow may also have been augmented by higher 
pressures developed distal to the ball during systole. 
As flow approaches the rear of the sphere, the effective 
cross-sectional area would increase; such a change of 
the effective cross-sectional area would cause a 
reduction of velocity and an increase in pressure at this 
site (Parker et al., 1969). This pressure would be 
higher than in the midstream distal to the normal 
valve and would increase coronary flow. However, it 
should be noted that if the position of the ostium of 
the coronary artery were in the middle of the sinus 
of Valsalva, then coronary flow would probably be 
reduced due to a lower static pressure near that 
portion of the ball (Fig. 7). 

In conclusion, variations in the pulse configuration 
and the proportion of coronary flow that occurred 
during systole and diastole were noted with various 
prosthetic valves. At the pump rate and aortic flow 
rate studied, which corresponded to resting conditions, 
mean simulated coronary flow did not fall below 
normal with the stented porcine valve and with the 





disc valves. Mean coronary flow was augmented with 
the caged ball valve. 
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A case of multiple trauma following a 


motor cycle accident 

D. G. FERGUSON* 

SUMMARY 

This paper reports a fractured femur, jejunal laceration 
and a torn aorta in a young man who appeared 


reasonably well on admission to hospital. The diagnostic 
problems and treatment of this case are discussed. 


Case report 

A 24-year-old man was admitted in July 1976 following an 
accident in which he ran into a parked car on a 90 ce motor 
cycle. 

On admission he was conscious; there was an obvious 
fracture of the left femur and a laceration on his nose: he had 
no other marks on his body. His pulse was 110/min and 
blood pressure 110/65 mmHg. 

On examination of the chest nothing abnormal was found, 
the abdomen was slightly tender but there was no rebound 
tenderness and bowel sounds were present. The patient’s left 
leg was placed in a Thomas’s splint. 

X-rays of the skull, neck, chest, abdomen and left femur 
were carried out. A mid-shaft fracture of the left femur was 
confirmed and the chest X-ray showed a widened mediastinum 
(Fig. 1) but no evidence of fractured ribs or pneumothorax. 
Two hours after admission the patient’s blood pressure 
dropped to 85/50 mmHg with a pulse rate of 100/min and 
2 units of blood brought this up to 120/70 mmHg with a pulse 
rate of 116/min. His cardiovascular system and thorax were 
again examined. Blood pressure and pulse remained stable, 
there were two heart sounds and no murmurs. All pulses were 
present and equal. Air entry was equal on both sides of the 
chest and there was no pain on springing the sternum. 

On further examination of the abdomen, bowel sounds 
were now absent but there was still no rebound tenderness. 
The chest X-ray was repeated with the patient sitting up and 
straight to the X-ray tube (Fig. 2). This again showed widening 
of the mediastinum and also gas under the right hemi- 
diaphragm. There was considerable suspicion of an aortic 
injury, but definite evidence of abdominal injury. As his 
cardiovascular state remained stable laparotomy was carried 
out. The findings were a jejunal tear half way along the 
jejunum, two serosal tears in the caecum and bruising of the 
duodenum. The jejunal tear was treated by resection and 

end-to-end anastomosis. The left femur was reduced and 
' reset in the Thomas’s splint at this time. Throughout surgery, 
the patient's blood pressure remained at 110/systolic mmHg. 

When the patient returned to the recovery ward a repeat 
chest X-ray (Fig. 3) was carried out. This showed an increased 
opacity at the left apex, which was presumed to be blood 
tracking over the apex of the lung. His mediastinal shadow 
had not altered. 

An aortogram was carried out using bilateral catheterization 
of his femoral arteries and simultaneous manual injection of 
the contrast medium. This was done in the absence of a 
mechanical injector. The aortogram (Fig. 4) showed an aortic 
tear distal to the left subclavian artery, with a false aneurysm 
confined to the mediastinum and no leakage of blood into the 
pleural cavity. 

A left posterolateral thoracotomy through the fourth 
intercostal space was carried out. A little free blood was found 
in the thoracic cavity with no pulmonary contusion. There 
was a haematoma surrounding the aortic arch and extending 
down to the mid-point of the descending aorta; there was also 
a haematoma around the proximal part of the ascending 
aorta. The right femoral artery had been cannulated with a 
size 18 cannula prior to the thoracotomy and a bypass was 
then established between this and the left atrium using a 
pump, with the patient heparinized. The aorta was mobilized 
and cross clamped and the haematoma explored. This revealed 


the aorta to be torn transversely at the level of the ligamentum 
arteriosum. The tear extended for one-third of its circum- 
ference. An 8-cm length of aorta was excised at the site of the 
injury, on account of the degree of aortic contusion, and 
replaced by a 20-mm woven Dacron graft. Seven days later 
the patient had his left femur plated and has continued to 
make satisfactory progress over the following 7 months. 


Discussion 

This case demonstrates problems in the diagnostic and 
subsequent management of multiple trauma. The 
type of injury gave an indication as to the possibility 
of multiple trauma having occurred. 

Routine examination on admission gave only one 
positive diagnosis, a fractured left femur. X-rays of 
the abdomen, chest, skull, neck and femur were 
carried out, but as the patient had had his left leg 
placed in a Thomas’s splint in casualty prior to X-ray, 
there was a tendency to X-ray him in the supine 
position. Supine X-rays of an abdomen in a case of 
trauma will fail to reveal free gas from a perforated 
hollow viscus. A supine chest X-ray (Fig. 1) may also 
be deceptive. An anteroposterior film magnifies the 
structures in the anterior thorax and so the heart and 
mediastinum appear larger than in the routine 
posteroanterior film. The X-ray tube, for mechanical 
reasons, is close to the patient, again magnifying the 
mediastinum. The diaphragm is pushed up by the 
abdominal structures, which shortens and widens the 
mediastinum and also reduces the size of the lung 
fields. Any rotation of the patient again appears to 
widen the mediastinum. If there is any blood in the 
thorax it pools posteriorly, obscuring the lung fields 
and giving no indication as to the amount that is 
present. 

In this case the initial chest X-ray showed a widened 
mediastinum and the abdominal X-ray appeared 
normal. When the X-ray was taken with the patient 
in a sitting position and set straight to the X-ray 
tube, and the distance from the patient to X-ray tube 
was increased to about 2 m, this gave clearer definition 
of the chest (Fig. 2), demonstrating mediastinal 
widening but no evidence of fractured ribs, pulmonary 
contusion, pneumothorax or free intrathoracic blood. 
There was free gas under the right hemidiaphragm. 

The widening of the mediastinum with blurring of 
the aortic arch and tracheal deviation to the right 
was very suspicious of a false aneurysm surrounding 
an aortic tear, though the patient had none of the 
typical clinical findings such as hypertension in the 
upper extremities, unequal pulses or bruits, Medi- 
astinal widening can be produced by a substernal 
haematoma which resolves spontaneously in a few 
days. The problem was complicated by the fact that 
there was evidence of a torn hollow viscus but the 
extent of the intra-abdominal injury was unknown. 

In multiple trauma, when the specific diagnoses 
are made, a decision must be made as to the order of 
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Fig. 1. Supine chest X-ray of the patient on admission. 
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Fig. 2. Repeat chest X-ray with the patient sitting up. 


management. In this case there were two potentially 
fatal injuries. As there was definite evidence of a 
ruptured intra-abdominal hollow viscus and the 
patient’s cardiovascular state remained stable, abdo- 
minal surgery was undertaken, with the possibility 
of an aortic tear still being considered. 

The patient maintained a stable blood pressure 
throughout the operation. With the changing 
appearances on chest X-rays taken directly after abdo- 
minal surgery (Fig. 3), aortography was undertaken 
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Fig. 3. Repeat chest X-ray following laparotomy. 


Fig. 4. An aortogram. 


to confirm the diagnosis of an aortic tear and to 
give its exact position (Fig. 4). This examination is 
important in order that the cardiac surgeon can plan 
his operation. 

Injuries to the thoracic aorta have become more 
common with the increase in motorized transport, 
and the occurrence of such injuries in a young patient, 
with an intact chest wall, is a recognized diagnostic 
hazard. In fatal road accidents 10-17 per cent of the 
casualties have aortic injuries; 10-20 per cent of 
aortic injuries survive the initial trauma to reach 
hospital, and of these, up to 80 per cent will die if not 
treated within one hour of admission (Reul et al., 
1974). The cases which come to operation have a 
mortality of about 50 per cent (Sutorius et al., 1973; 
Gazzaniga et al., 1975). The site of aortic injury in 





95 per cent of cases is at or near where the ligamentum 


arteriosum joins the aorta (Symbas et al., 1973). 
Aortic injuries are commonly associated with other 
injuries (Deiraniya and Taylor, 1970; Symbas et al., 

1973; Gazzaniga et al., 1975). The problem of which 
injury to deal with first depends on the degree of 
cardiovascular stability and the severity of the other 
injuries. 
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Surgical management of hyperhidrosis 
T. V. KEAVENY, P. A. M. FITZGERALD, C. DONNELLY 


AND G. D. SHANIK* 


SUMMARY 

Sixty-five patients with severe disabling hyperhidrosis 
were subjected to operation. Eighty-nine sympathec- 
tomies and 42 axillary skin excisions were performed to 
abolish sweating. Almost 90 per cent of these patients 
were extremely satisfied with the outcome of surgery, 
which resulted in a change for the better in their social 
and working lives. When conservative therapy fails, we 
recommend these procedures, which often alleviate this 
most distressing symptom. 


EXCESSIVE sweating is a symptom which often causes 
emotional and social problems for the patient. In 
severe cases sweat drips from the extremities, garments 
are ruined, shoes last only a few months and the feet 
become macerated and subject to constant fungal 
infection. Treatment by psychotherapy, radiation, 
drugs or local applications have proved ineffective in 
most cases (Cloward, 1969; Ellis, 1972). Only surgical 
removal of sympathetic pathways or local excision of 
axillary sweat glands have produced lasting relief 
(Greenhalgh et al., 1971; Hartfall and Jochimsen, 
1972). 

The purpose of this paper is to report our experience 
with the surgical management of patients suffering 
from idiopathic hyperhidrosis. 


Patients and methods 

Between January 1971 and December 1976, 65 patients with 
disabling hyperhidrosis were subjected to surgery. All were 
followed up at the outpatient clinic for a period ranging 
between 3 months and 6 years. Those unable to attend the clinic 
were recently contacted by a postal questionnaire. 

There were 23 males and 42 females, who ranged in age from 
15 to 43 years with a mean age of 26:2 years. A total of 131 
operations was performed and these consisted of 42 bilateral 
cervical sympathectomies, 21 bilateral axillarv skin excisions, 
2 bilateral lumbar sympathectomies and 1 unilateral cervical 
sympathectomy. One patient had bilateral axillary skin 
excisions in addition to a bilateral cervical sympathectomy. 

Twenty-six patients had suffered from the condition since 
childhood, 11 for less than 5 years and 28 for 5-10 years. The 
hands were primarily affected in 43, the feet in 2 and the axilla 
in 20 patients. In the majority, more than one region of the 
body was affected by excessive sweating. The most common 
pairing was the hands and feet followed by the hands and the 
axilla. Four patients had symptoms of vasospasm associated 
with their hyperhidrosis. Prior to surgery all patients were 
investigated to exclude a secondary cause for their condition 
(Keaveny et aL, 1974), 

Cervical sympathectomy was performed through a supra- 
clavicular incision by the method of Telford (1935). Only the 
second and third thoracic ganglia and chain were excised and 
thus a deliberate effort was made to avoid producing a Horner’s 
syndrome. Lumbar sympathectomy was carried out using a 
standard extraperitoneal approach excising the second, third 
and fourth lumbar ganglia and chain. 

An ellipse of axillary skin was removed in those patients 
suffering from axillary hyperhidrosis. General anaesthesia was 
used and the area to be excised was outlined preoperatively 
using Betadine or starch iodine powder, which delineates the 
area of maximum sweating (Davis, 1971). Wound apposition 
was aided by undermining the skin flaps and suction drainage 
was used postoperatively. 


Results 


Sympathectomy 

Forty of 43 patients subjected to a cervical sym- 
pathectomy were completely satisfied with their 
operation. In all of the affected extremities sweating 
was abolished. Three patients were not improved; 2 of 
them had residual vasospasm and acrocyanosis 2 years 
postoperatively and 1 complained of increased facial 
sweating and an ugly scar. Two patients who under- 
went lumbar sympathectomies were asymptomatic 
4 years following surgery. 

Postoperatively, 5 patients developed Horner’s 
syndrome, which in 2 was transient and disappeared 
after a few weeks. Two patients had a small pneu- 
mothorax and 2 developed a chylothorax; these 
conditions resolved without treatment. A further 2 
patients complained of numbness in the vicinity of 
their wounds, which was transient in 1 patient. There 
were 3 wound infections which responded to anti- 
biotics. 


Axillary skin excision 

Fourteen of 21 patients submitted to surgery were 
pleased with the outcome of their operation and 
another patient was improved following re-excision. 
Two patients obtained some relief and 4 were not 
improved. 

Four patients suffered a disruption in one of their 
wounds on removal of the sutures. One wound 
haematoma required aspiration and wound infection 
in 4 patients responded to antibiotic therapy. Two 
patients had transient numbness on the medial aspect 
of the upper arm. Loss of power in the left arm of one 
patient responded to physiotherapy and full function 
was restored after 8 weeks. 


Discussion 

Excessive perspiration is caused by some poorly 
understood stimulation of the sympathetic nervous 
system. Heat, gustatory stimuli and emotional stress 
may result in a marked increase in sweat output, or 
the symptom may be apparently unrelated to these 
factors which stimulate physiological sweat pro- 
duction. In the majority of cases the condition is 
idiopathic and histologically the sweat glands and 
nerves are normal (Monro et al., 1974). 

Sweat glands are of two types—eccrine and apocrine. 
The former are found all over the body and are under 
sympathetic cholinergic neuronal control. Apocrine 
glands are found in the axilla, the areola of the nipple, 
the anogenital zone and the external auditory meatus. 
Approximately 85 per cent of axillary sweat glands are 
located in a small area in the dome of the axilla 
(Hurley and Shelley, 1966). It is thought that hyper- 
activity of the eccrine glands is mainly responsible for 
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the discomfort of both upper and lower extremity 
hyperhidrosis (Hurley and Shelley, 1963; Ellis, 1972). 

The principal disorders which require differentiation 
from primary hyperhidrosis are hyperthyroidism, 
obesity, the menopause, anxiety states, carcinoid 
syndrome and phaeochromocytoma. When the 
sweating is localized, hypothalamic lesions, peripheral 
nerve trauma or peripheral neuritis should be con- 
sidered (Keaveny et al., 1974). 

Surgical ganglionectomy proved successful in 
93 per cent of patients with upper or lower extremity 
hyperhidrosis. Two of 4 patients with associated 
vasospasm were not improved. Since the results of 
sympathectomy in vasospastic disorders are not as 
satisfactory as for hyperhidrosis, these patients can be 
disappointed with the result when residual Raynaud’s 
phenomenon or erythrocyanosis return. It is therefore 
extremely important to differentiate those patients 
in whom vasospasm is the primary. disturbance. 
Occasionally, when upper thoracic ganglionectomies 
are performed, both the hands and feet show decreased 
sweating activity and further treatment is not required. 
The patient will usually not be troubled by the 
presence of increased sweating in other areas since the 
return of thigh and arm sudomotor activity appears 
within 3 months because of readjustment of the 
sympathetic nervous system (Shelley and Florence, 
1960). Serious complications of sympathectomy were 
few in our series and residual Horner’s syndrome in 
3 patients was not troublesome. 

Interruption of sympathetic pathways to the 
eccrine glands of the axilla requires an extensive 
cervicodorsal sympathectomy as far as the fifth 
thoracic sympathetic ganglion. This is extremely 
difficult through a standard supraclavicular approach 
although it is feasible using a transthoracic exposure 
of the sympathetic chain (Hartfall and Jochimsen, 
1972). However, both these procedures are more 
hazardous than simple local excision of the axillary 
sweat glands. 

Large concentrations of active glands may lie 
outside the central axillary area which is excised. These 
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remaining sweat glands may account for the late 
postoperative recurrence of symptoms following 
regeneration of the sympathetic nerve supply. For this 
reason we have started to excise larger areas of 
axillary skin and base the excision in the longitudinal 
or oblique axis of the axilla. This practice has not 
increased the incidence of wound disruption or 
limited shoulder movement as feared by Shelley and 
Hurley (1966). Seventy-one per cent of patients were 
improved following axillary skin excision, in 10 per 
cent a fair result was obtained, while 19 per cent 
claimed that they were no better than before the 
operation. These results are encouraging and we 
recommend this simple procedure for this most 
distressing condition. 
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In vitro studies of gallstone dissolution using bile 


salt solutions and heparinized saline 
I.R. HARDIE, M.K.GREEN, W. BURNETT, D. R. WALLAND 


A. HALL-BROWN* 


SUMMARY 

A controlled in vitro study of gallstone dissolution has 
been carried out using a model designed to simulate the 
in vivo situation in the bile ducts. Sodium taurocholate, 
sodium cholate, heparinized saline and physiological 
saline were infused for 10 days over 81 stones from 32 
patients and changes in weight and structure were 
recorded. The bile salt solutions caused weight loss in 
81-5 and 85:7 per cent respectively of the stones treated, 
but the two saline solutions caused weight gains in 74-5 
and 88 per cent respectively. Fragmentation occurred in 
18-5 per cent of stones treated with sodium taurocholate, 
in 25 per cent of those treated with sodium cholate and 
in 11-8 per cent of those treated with heparinized saline. 
Small stones lost a lower absolute amount of weight 
than large stones but this represented a greater propor- 
tion of their initial weight. 

These investigations confirm the advantages of a 
dynamic in vitro model to study gallstone dissolution. 
Bile salt solutions infused into the bile ducts may clear 
retained stones by causing reduction in stone weight 
or fragmentation or both, but heparinized saline appears 
to be unsuitable for gallstone dissolution. Larger stones 
may require longer periods of infusion. 


RETAINED bile duct calculi following cholecystectomy 
and choledocholithotomy are a significant clinical 
problem, and a number of non-operative techniques 
have been proposed to remove these stones without 
reoperation in order to reduce the morbidity and 
mortality usually associated with this condition. We 
have reported some success with the simple technique 
of saline washout via a T tube (Catt et al., 1974), but 
the 30 per cent of stones not cleared by this technique 
remain a problem group for which other techniques 
are required. 

Successful elimination of retained calculi has been 
reported after the infusion of bile salt solutions (Way 
et al., 1972; Lansford et al., 1974; Toouli et al., 1974) 
or heparinized saline (Gardner, 1975) through a T 
tube placed in the bile duct at the time of choledo- 
chotomy, but the physicochemical] basis for this is not 
understood, and neither the optimal solution nor the 
rate and duration of infusion required have been 
clearly defined. This paper reports a controlled in vitro 
investigation of the dissolution of human gallstones 
by bile salt solutions and by heparinized saline. The 
objective was to establish a sound experimental basis 
for subsequent clinical use of this technique in the 
management of retained biliary calculi. 


Materials and methods 

Gallstones were treated in an in vitro model (Fig. 1) in which 
intermittent refilling and emptying of a tube containing stones 
simulated the in vivo situation in the bile duct. The solution 
under study was infused into the central tube at a controlled 
rate by gravity drip, with the outflow tube positioned to allow 
emptying by syphonage. The temperature was controlled at 
37 °C by enclosing this central tube in a water-jacket through 
which water at this temperature was circulated. 


The bile salt solutions studied were sodium taurocholate and 
sodium cholate. A 200 mM solution of sodium taurocholate 
was prepared by dissolving sodium tauroglycocholate, derived 
from powdered purified ox bile (Koch-Light), in distilled water 
without adjustment of pH. This was infused at the rate of 
100 ml1/24 h. The same infusion rate was used for the 200 mm 
solution of sodium cholate prepared by dissolving the powdered 
sodium salt of cholic acid (Sigma) in a phosphate buffer 
consisting of 250 ml m/5 potassium dihydrogen phosphate and 
174 ml m/5 sodium hydroxide made up to 1000 ml with dis- 
tilled water. Heparinized saline containing 100 000 U heparin/ 
litre physiological saline was infused at the rate of 1 litre/24 h. 
Physiological saline alone, also infused at this rate, was used as 
the control solution. The composition of each solution is 
summarized in Table J. Only fresh solution was infused and 
solutions were not recycled. The infusion rate selected for 
each solution was that which had been used in the several 
published clinical reports. 


Table I: COMPOSITION OF SOLUTIONS USED FOR 
IN VITRO INVESTIGATION OF GALLSTONE 
DISSOLUTION 


Concentra- Nat Ke 
tion PH (mmol/l)  (mmol/i) 
Sodium taurocholate 200 mM 6°16 210 12:5 
Sodium cholate 200 mM T15 124 49 
Heparinized saline 100000 U/I 664 152 0 
Physiological saline 09% 


7-03 152 0 


Table Il: COMPOSITION OF GALLSTONES FROM 
32 PATIENTS 


X-ray Chemical 
crystallography analysis Total 
Cholesterol 12 5 17 
Calcium salts ] 4 5 
Cholesterol and calcium } 6 7 
Bile pigment 0 3 3 


Eighty-one gallstones from 32 patients were treated. Stones 
were obtained aseptically at the time of cholecystectomy and 
stored in dry, sterile containers at 5°C. The composition of 
the stones from 14 patients was determined by X-ray crystallo- 
graphy, while in the remainder it was determined by chemical 
analysis (Table II). Stones were taken at random for treatment 
without specific initial grouping by size, and individual stones 
were treated with one of the solutions used. Twenty-seven 
stones were treated with sodium taurocholate, 28 with sodium 
cholate, 13 with heparinized saline and 9 with saline alone. 
Stones from 7 patients were exposed to all four solutions, while 
stones from a further 4 were treated with all except physiological 
saline and 2 others with all except heparinized saline. Stones 
from 8 patients were exposed to the two bile salt solutions 
only, 4 others to sodium taurocholate alone, 2 to sodium 
cholate alone, | to heparinized saline alone, 2 to one bile salt 
solution and heparinized saline, and 2 to one bile salt solution 
and both saline solutions. 

Progress of dissolution was monitored by weight changes 
and the development of fragmentation. The initial dry weight 
of the stones, determined before commencing infusion of the 
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Fig. 1. Diagram of in vitro model for gallstone dissolution. 
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Fig. 2. Changes in weight (as percentages) observed in 4 
cholesterol stones from one patient. Each stone was treated 
by infusion of one solution for 10 days (see text). Final 
weight changes: sodium taurocholate, 10-5 per cent loss; 
sodium cholate, 21-8 per cent loss; heparinized saline, no 
weight change; physiological saline, 3-6 per cent increase. * 


solution under study, ranged from 19-4 to 735-9 mz with a 
mean weight of 177-34 mg (s.d. 157-35). The stones were 
reweighed on day | of the infusion period to assess the effect 
of wetting on stone weight, and subsequently were weighed 
again on day 7 and day 10, at which time the infusion was 
stopped. The final dry weight was determined on day 14 for 
reference to the initial dry weight in assessing the extent of 
weight loss, both absolutely and in relation to the size of the 
stone. 
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Fig. 3. Changes in weight {as percentages) observed in 3 
calcium stones from one patient. Each stone was treated 

by infusion of one solution for 10 days (see text). F, 
Fragmentation occurred. Final weight changes: sodium. 
taurocholate, 11-4 per cent loss; sodium cholate, 66 per cent 
increase; heparinized saline, 3-9 per cent loss. 
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Fig. 4. Percentage weight changes after 10-day infusion of 
test solutions. F, Fragmentation occurred, 


Results | 

Figs. 2 and 3 illustrate the sequential weight changes 
in representative stones composed predominantly of 
cholesterol and of calcium salts respectively. Fig. 2 
shows the percentage changes in weight observed in 
4 cholesterol stones from one patient after a 10-day 
infusion with sodium taurocholate, sodium cholate, 
heparinized saline or physiological saline respectively. 
Similarly, Fig. 3 shows the changes in 3 calcium salt 
stones from one patient after treatment with sodium - 
taurocholate, sodium cholate or heparinized saline. 
The percentage weight change of each of the 81 stones 
studied is shown in Fig. 4 and the overall results are 
summarized in Table HI. 
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Table HI: WEIGHT GAIN OR LOSS FROM IN VITRO 
GALLSTONE DISSOLUTION 


No. of Weight loss Weight gain 
Solution stones No. Fragmented No. Fragmented 
Sodium 27 22 5 5 0 
taurocholate 
Sodium cholate 28 24 5 4 2 
Heparinized 17 4 2 13 0 
saline 
Physiological 9 2 0 7 0 
saline 





An initial small increase in weight was observed in 
all stones and occurred with all four solutions studied. 
This increase had been reversed by day 7 in most of 
the stones, which subsequently showed a net weight 
loss. Conversely, there was a universal decrease in 
weight during drying after completion of the infusion 
period and this decrease was more marked in stones 
which had fragmented during the infusion. Estima- 
tion of the weight change was therefore based on the 
initial and final stable state dry weights. 

Twenty-two (81:5 per cent) of the stones treated 
with sodium taurocholate lost weight and 5 of these 
fragmented. The weight loss ranged from 0°9 to 84-3 
mg (mean 27-4 mg, s.d. 20-7), representing a percen- 
tage change of between 0-1 and 58-6 per cent. The 
remaining 5 stones all gained weight without frag- 
mentation, the actual change ranging from 0-4 to 
34-2 mg (mean 17-6 mg, s.d. 13-8), which represents 
a change of between 0-4 and 41-9 per cent. 

Of the 28 stones treated with sodium cholate 
solution, 24 (85-7 per cent) lost weight and 5 of these 
fragmented. The weight loss ranged from 1-7 to 
176-3 mg (mean 30-4 mg, s.d. 36-5), representing a 
change of between 2-4 and 91-7 per cent. The remain- 
ing 4 stones gained 3-2 mg (0-8 per cent), 6-1 mg (7:1 
per cent), 14-8 mg (6-6 per cent) and 69-3 mg (17-1 per 
cent) in weight, and the last 2 fragmented. 

In contrast, treatment with heparinized saline 
resulted in only 4 stones (23-5 per cent) losing weight 
while the remaining 13 gained weight. This increase 
ranged from 0-1 to 193 mg (mean 4-4 mg, s.d. 64), 
representing changes of between 0-2 and 10-9 per cent 
in the initial weight. The weight losses of the other 4 
stones were 64 mg (1-8 per cent), 10-2 mg (3-9 per 
cent), 8&1 mg (14-1 per cent) and 12:4 mg (52-5 per 
cent), but the last 2 stones fragmented. 

Similar results were obtained with physiological 
saline. Only 2 stones lost weight, 0-2 mg (0-3 per cent) 
and 9-6 mg (5-3 per cent) respectively, while 7 stones 
gained weight and none fragmented. The weight gain 
ranged from 0-4 to 9-3 mg (mean 2-3 mg, s.d. 3-3), 
representing changes of between 0-2 per cent and 
4-6 per cent of the initial weight. During drying, 
solution was observed to exude from the stones in 
both this group and the heparinized saline group. 

Analysis by the y? method of the proportion of 
stones in each group which lost or gained weight 
revealed no significant difference between the groups 
treated with the bile salt solutions, but showed that 
treatment with each of these solutions resulted in a 
highly significantly greater proportion of stones 
losing weight than in those treated with heparinized 
saline or physiological saline (v= 3, y? = 28-33, 
P<0-0001). There was, however, no significant 
difference in the incidence of development of frag- 
mentation (v= 3, y?= 3-52, 0:30<P<0-20). No 


consistent pattern of weight change was found within 
a set of stones from any individual patient when the 
four solutions tested were used—-one per stone in 
each set (Table IV). 

A further analysis was performed by grouping the 
stones according to size as indicated by their initial dry 
weight. In general terms, the smaller stones lost less 
actual weight, but this loss represented a greater 
percentage change than occurred with larger stones. 
In the sodium taurocholate group (Table V), stones 
weighing less than 100 mg initially lost significantly 
less absolute weight than stones of greater than 200 
mg (v = 2/19, F = 7:60, P<0-01). However, weight 
loss by stones in the small and intermediate size 
ranges was not significantly different. In the sodium 
cholate group (Table VI), a similar pattern was ob- 
served, with stones in both the small and intermediate 
size ranges losing significantly less absolute weight 
than those in the large size range (v = 2/21, F = 7-81, 
P<0-01). Once again, there was no significant differ- 
ence between the small and intermediate ranges. 
Greater variation between stones in the large group 
ied to this group having a greater percentage weight 
change than in the intermediate group, contrary to 
the general trend. 


Discussion 

Although the routine use of peroperative cholangio- 
graphy has reduced the incidence of retained bile 
duct stones (Burnett and Bolton, 1972), calculi may 
still be demonstrated in a significant number of cases 
by postoperative cholangiography (Moller and 
Santavirta, 1972: Way et al., 1972; Mazzariello, 1973; 
Buhrenne, 1974), and non-operative techniques have 
long been sought for the treatment of these stones. 
However, the saline washout and instrumental extrac- 
tion techniques have definite limitations which have 
stimulated renewed interest in stone dissolution by 
T tube infusion. Pribram in 1947 described the use of 
intermittent injections of ether into a common duct 
tube in 51 patients, claiming success in all cases and 
attributing the good results to dissolution of the 
stones. Best et al. (1953) re-evaluated many solvents 
and concluded that chloroform and ether were the 
most potent. However, neither has gained wide 
application because of the respective problems of 
acute toxic hepatitis and severe pain induced by the 
infusion (Madden, 1973). The technique had been 
largely ignored until the recent successful clinical 
reports. 

Critical assessment of this technique has been 
hindered by several problems, including the lack of 
universal success with any single solution, the small 
numbers of patients treated and the dependence on 
cholangiographic appearances which are not always 
easy to interpret. Another difficulty has been the 
relative absence of controlled in vitro studies, the few 
which have been reported (Earnest and Admirand, 
1971; Cheung et al., 1974; Lahana et al., 1974; 
Romero and Butterfield, 1974) having the disadvan- 
tages of using small numbers of stones from a limited 
number of patients and employing a system of static 
immersion without renewal of the solvent. 

The demonstration by Cheung et al. (1974) that 
weight loss could be accelerated significantly when the 
solution was changed on three occasions in 10 days 
confirms the need for accurate reproduction in vitro of 
the in vivo situation, where an intraduct calculus is 
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Tabie IV: PERCENTAGE WEIGHT CHANGES IN SETS OF STONES FROM A SERIES OF 10 PATIENTS 
TREATED WITH VARIOUS SOLUTIONS (EACH STONE TREATED WITH ONE SOLUTION) 
Sodium Heparinized Physiological 
Case No. Stone composition Sodium cholate taurocholate saline saline 
I Cholesterol — 14-3 — 10-5 -+78 43-5 
2 Cholesterol —~ 4G -103 +g -+E6 
3 Cholesterol ~- §]-§ —~33-5 + 10-9 +46 
4 Cholesterol — 21-0 —23-9* — 18 — 
5 Cholesterol, calcium — 35-5 — 20-3 -+09 +1-6 
6 Cholesterol, phosphate, calcium, +69 +4 +94 +5 
bilirubin 
7 Cholesterol, phosphate, trace = — = P 224 -+4 -+02 
bilirubin 
8 Calcium, phosphate +- 6-6* —~ 11-4 —3-9 om 
9 Calcium, bilirubin, phosphate —~2-4* 41-9 14-1 * wee 
10 Bilirubin, phosphate —] -17-9 Q — 53 
* Fragmentation occurred. 
continually exposed to fresh bile. Although continuous Table V: WEIGHT LOSS IN STONES OF 
stirring, employed by Lahana et al. (1974), enhances DIFFERENT SIZE TREATED WITH SODIUM 
exposure to the solvent, the equilibrium at which TAUROCHOLATE FOR 10 DAYS 
saturation with cholesterol occurs and dissolution Aaaa oe 
ceases is likely to be reached more rapidly in this an ee cuta wagnt “weignt 
h oe nitial weight loss loss 
situation. — Stonesize No. Mean sd. Mean sd. ay 
The in vitro model described in this paper provides : : e 
the most accurate simulation yet described of biliary ‘61. e : a < ie ne i A 
dynamics, allowing precise control of the pH, tempera- < 200 9 3160 1053 41:5 235 [44 
ture, mixing and evaporation of solutions. Although  Alistones 2 P63 142-7 274 207 208 


the model differs from the in vitro situation in the 
sense that bile itself was not used, the preparation 
allows accurate observation of the effect of the 
individual solutions. Intermittently at the end of each 
syphonage total immersion in the solutions is inter- 
rupted, but the stone remains coated with solution as 
the chamber fills. The chamber fills once every 60 
minutes, empties by syphonage and then immediately 
begins refilling (see Fig. 1). The time required to 
cover a gallstone with the test solution completely 
ranged from 9 to 19 min depending on the size of the 
stone. 

In the present study, sodium cholate was found to 
be the most effective solution in producing weight 
loss in gallstones. The average weight loss of 25-5 per 
cent with sodium cholate infusion is considerably 
greater than the mean loss of 10-7 per cent reported by 
Cheung et al. (1974) from static immersion. Since 
cholate was the least effective solution in that study, 
it is of considerable interest that in our dynamic in 
vitro model the weight loss from sodium cholate 
infusion approximated that of deoxycholate plus 
lecithin which was the most effective solution in the 
static system. Similarly, the average weight loss of 
20-8 per cent in our series with sodium taurocholate 
infusion compares with 12-8 per cent reported by 
Cheung et al. (1974) using taurodeoxycholate. The 
overall results show a similar favourable comparison 
to other reported series using a static immersion system 
(Earnest and Admirand, 1971; Farrell et al., 1973), 
suggesting the need for some reservation in interpret- 
ing the results of static in vitro experiments. Con- 
versely, the more effective solutions from the static 
testing require evaluation in a dynamic in vitro model. 

Although an overall weight loss occurred in the 
majority of stones treated with bile salt solutions, 
little change in actual stone size was observed. How- 
ever, the development of fragmentation suggests that 
some disruption of the structural composition of the 
stone has occurred which may make the stone softer 





All weights are given in mg. 


Table VI; WEIGHT LOSS IN STONES OF DIFFERENT 
SIZE TREATED WITH SODIUM CHOLATE FOR 10 
DAYS 


Average 
Actual weight weight 

Initial weight loss loss 

Stone size No. Mean s.d. Mean s.d. yA 
< 100 10 50-1 25-8 12-8 7-1] 35-8 
101-200 8 146-2 35-1 21-2 17-2 14-8 
> 200 6 469-6 190-8 720 53-8 237 
All stones 24 186-9 195-2 30-4 36-8 25-5 





AH weights are given in mg. 


and more pliable for passage into the duodenum 
before actually breaking into smaller particles. The 
visible loss of liquid from saline-treated stones during 
drying indicates that the initial weight gain is due to 
simple wetting of the stone, but it may also represent 
adsorption of bile salt on the surface and in the matrix 
of the stone accompanied by water, thereby enhancing 
the possibility of fragmentation. Effective clearance 
of a bile duct stone may therefore be due either to 
slight reduction in size sufficient to allow passage of 
the stone or to passage of smaller particles after 
fragmentation, or both. 

Heparinized saline, on the other hand, failed to 
produce any appreciable weight loss, and the weight 
changes which were observed appeared to be due 
simply to wetting and drying of the stone. There was 
no significant difference between this solution and 
saline alone, but both these solutions had a highly 
significantly smaller effect in producing weight loss 
than each of the two bile salt solutions. The mechan- 
ism of successful clearance of retained biliary calculi 
by heparinized saline in clinical use (Gardner, 1975) 
thus remains unclear. In the absence of any significant 
weight loss, the relatively rapid infusion rate used for 
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heparinized saline suggests that the mechanism may 
be simple hydrostatic washout or other mechanical 
factors, rather than dissolution, and similar conclu- 
sions have been reached by other investigators 
(McCombs et al., 1973; Romero and Butterfield, 
1974). However, Lahana et al. (1974) found a combi- 
nation of heparin with cholic acid to be the most 
effective solution for dissolving human gallstones, 
and it is clear that further investigation of heparin is 
required, 

In this study, stones were not prospectively grouped 
according to size and composition in order to study 
the chosen solvents over as wide a range of stone 
types as possible. However, the results indicate that 
stone size appears to be a significant factor in the 
extent and rate of dissolution produced by infusion 
of bile salt solutions. Smaller stones consistently lost 
less absolute weight than did large stones, but this 
loss represented a much greater proportion of the 
original weight of the respective stones. This has been 
reported previously in both in vitro experiments 
(Cheung et al., 1974) and human feeding trials (Bell 
et al., 1972), and is presumably a reflection of the 
difference in surface area available for exposure to the 
solution. It may therefore be concluded that a 
standardized period of infusion is unlikely to be 
universally applicable. Larger stones will clearly 
require longer periods of exposure to achieve the 
greater proportion of weight loss which may be 
required for passage of the stone into the duodenum. 

Analysis of the composition of the stones treated 
failed to show a consistent pattern of response by 
particular types of stone to the solutions studied. 
However, the behaviour of the stones composed 
purely of calcium salts was of interest. Sodium cholate 
caused weight gain preceding the development of 
fragmentation, while sodium taurocholate caused an 
overall weight loss of 11 per cent after an initial 
marked increase in weight. This contrasts with the 
findings of Thistle and Hofmann (1973) who reported 
that radio-opaque stones were unchanged in size by 
oral feeding of chenodeoxycholate whereas lucent 
stones disappeared, and who thought that the 
calcium salt may have prevented the bile salts from 
gaining access to the cholesterol in the stone. The 
response of pure calcium salt stones in the present in 
vitro study suggests that such a protective effect is 
unlikely. 

However, it is not yet possible to define the optimal 
solution for dissolving a particular type of stone. The 
improved results reported from static immersion of 
stones in bile salts to which lecithin was added 
(Cheung et al., 1974) indicate the need for further 
studies of this solution, while the reports of successful 
clearance of gallbladder stones by oral feeding of 
chenodeoxycholate (Thistle and Hofmann, 1973; 
Schoenfield, 1974) suggest a potential application for 
this solution in direct T tube infusion over bile duct 
stones. Further in vitro testing is therefore being 
undertaken to evaluate these other solutions using a 
wider range of stones. 

In conclusion, these results confirm the advantages 
of using a dynamic in vitro model for the study of 
gallstone dissolution. Both sodium taurocholate and 
sodium cholate cause weight loss from gallstones 
treated by a 10-day period of infusion of the bile salt 
solution, and both these bile salts are more effective 


than heparinized saline which appears to be unsuitable 
for gallstone dissolution. Although large stones lose 
weight more rapidly, the proportion of weight change 
achieved in.a 10-day period is much less than in a 
small stone, indicating that for larger stones a longer- 
period of infusion may be required. Further studies 
in an expanded series may achieve definition of the 
optimal solution for dissolving each stone type and 
so improve the results of this technique for the non- 
operative treatment of retained biliary calculi. In the 
meantime, a sound experimental basis has been 
established for the clinical application of sodium 
cholate and/or sodium taurocholate in this condition. 
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Nipple retraction in duct ectasia 
B. I. REES, i. H. GRAVELLE AND L. E. HUGHES#* 


SUMMARY 
Thirty patients with nipple retraction associated with 
duct ectasia have been studied to determine the clinical 
features of this condition. This association is a common 
one and the similarity of these nipple changes to those 
produced by cancer ts emphasized. While clinical 
evaluation of the nipple changes may give an indication 
of the diagnosis, it is by no means absolute and mammo- 
graphy is advocated in all cases. Combined clinical 
and mammographic assessment will allow confident 
differentiation of the two causes in many cases, and a 
policy for management of nipple retraction is presented. 


MAMMARY duct ectasia is the term used by Haagensen 
(1951) to describe a benign condition of the breast 
characterized by dilatation of the mammary ducts 
with fibrosis and inflammation around the ducts. 
Bloodgood (1923) recognized duct ectasia as a separate 
clinical entity and described it as the ‘varicocele’ 
tumour of the breast. It is frequently associated with 
periductal inflammation and the disease complex has 
been ascribed various names which tend to reflect the 
different stages at which the pathology was described 
(Table 1). 


Table I: NAMES ASCRIBED TO MAMMARY DUCT 
ECTASIA IN EARLY LITERATURE 


Bloodgood (1923): 

Adair (1933): 

Cromar and Docherty (1941): 
Payne et al. (1943): 
Geschickter (1948): Periductal mastitis 
Haagensen (1951): Mammary duct ectasia 
Ingleby and Gershon-Cohen (1960): Secretory disease of breast 


Varicocele tumour 
Plasma cell mastitis 
Comedomastitis 

Mastitis obliterans 


Observations on the incidence of duct ectasia have 
been made by Frantz et al. (1951) in a histological 
„autopsy survey of 224 patients who had not complained 
of breast disease. They found considerable duct ectasia 
in 52 cases (25 per cent), the majority of these being 
postmenopausal women. A similar autopsy study-of 
800 cases by Sandison (1957) revealed some degree of 
duct dilatation in 72 per cent of cases and found that 
11 per cent had gross duct ectasia with very dilated 
and thickened ducts containing yellowish-green 
material ramifying through the fibrofatty parenchyma 
of the organ. Marked ectasia was slightly more 
common in fatty than in fibrous breasts. The maximum 
incidence was in older women (25 per cent of 
Sandison’s cases being in women of over 80 years of 
age). 

Despite this frequency at autopsy, duct ectasia is a 
relatively uncommon cause of clinical symptoms. 
Common symptoms are pain and tenderness, while 
other findings are nipple discharge, nipple retraction, 
abscesses and fistulous tracts. In common with other 
benign breast disease, duct ectasia has been neglected 
in comparison with breast cancer. Surgical textbooks 
usually give brief attention only to duct ectasia and 
do not emphasize the potential mimicry of and close 
resemblance to carcinoma. Comprehensive accounts 
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of duct ectasia have been given by Ingleby and 
Gershon-Cohen (1960) and Haagensen (1971), but in 
spite of nipple retraction due to this condition being 
first described in 1923, the frequency and type of 
nipple retraction occurring in duct ectasia are still not 
widely appreciated. In fact, the frequency may be 
increasing, since Haagensen—-with his vast experience 
of breast disease—reports only 20 cases of nipple 
retraction due to duct ectasia seen at the Columbia 
Presbyterian Hospital, and only 6 of these cases 
presented as nipple retraction in the first instance. 
This paper reports our experience of 30 patients with 
nipple retraction due to duct ectasia seen over a period 
of 34 years. 


Patients 
Thirty new patients presented to the. Cardiff Breast Clinic 
between July 1971 and December 1974 with nipple changes 
which were due to duct ectasia. During the same period, 3000 
new patients were seen in the Breast Clinic, giving an incidence 
of one case of nipple retraction due to duct ectasia per 100 new 
cases seen. As many of the new cases presented with minor 
abnormalities—-such as mastalgia—-which tend to be seen more 
frequently in a ‘specialized’ breast. clinic, the incidence is 
probably considerably higher in a general surgical clinic. The 
diagnosis of duct ectasia was confirmed in all cases of mammo- 
graphy (repeated films at one year) or biopsy or both. The 
symptoms, signs and subsequent management of these patients 
were carefully studied and nipple changes recorded in detail. 
The age range of the patients was 25 to.75 years with a mean 
of 52 years. The duration of retraction extended from 3 months 
to 16 years (Table H). Table IH shows the extent of nipple 
retraction seen in the 30 patients. Two patients were nulliparous 
and of the 28 parous patients, 16 had breast-fed. This incidence 
of parity and breast-feeding does not differ from that of women 
attending the clinic with other diagnoses. 


Table H: DURATION OF NIPPLE RETRACTION 
(30 CASES) 


0-6 mth: 9 
mth- yri 5 
1-2 yr: 1 
2-16 yr: 15 


Table HI: NIPPLE RETRACTION IN DUCT ECTASIA 
No. of patients with retraction: 30 
Partial retraction: 12 
Complete retraction: 18 
Bilateral retraction: 5 
Right breast: il 
Left breast: 14 


Clinical findings 

The earliest change detected is characteristic central 
retraction of the nipple symmetrically placed in 
relation to the nipple and showing a slightly elliptical 
pattern in a horizontal plane (Fig. 1). This nipple 
retraction is easily everted and is frequently associated 
with slight nipple discharge. As retraction becomes 
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Fig. 1. Central retraction of the left nipple and early 
retraction of the right nipple. 


more marked, the whole of the nipple becomes 
withdrawn and eversion may be progressively more 
difficult—though still sometimes possible even in 
advanced cases. The second nipple may show similar 
changes, often lagging months or years behind the 
first in the development of retraction (Fig. 1). Not 
infrequently, early changes are first noted after the 
completion of pregnancy. 


Differential diagnosis 
The most common similar condition seen during the 
period of study was inversion of the nipple, a condition 
of no clinical significance. This may be unilateral or 
bilateral and is distinguished by a history of the 
condition having been present since puberty. There 
seems little doubt that the two conditions have an 
interrelationship, in that inverted nipples commonly 
precede the development of inflammatory complica- 
tions of duct ectasia, particularly when these occur in 
young women. Other benign conditions which may 
simulate retraction due to duct ectasia include pseudo- 
retraction due to oedema from an acute breast abscess 
and late nipple retraction resulting from fibrosis 
associated with a previous breast abscess. In this case 
the retraction is usually asymmetrical. 

In order to assess the relevance of different clinical 
features in the differential diagnosis from cancer, the 
features in those cases proved to be due to duct ectasia 


were compared with those in corresponding cases. 


known to have carcinoma. Retraction is more likely 
to be complete in carcinoma and to be accompanied 
by distortion of the areola when the breast is examined 
in different positions, while central and symmetrical 
retraction—partial or complete—favour a diagnosis 
of duct ectasia. Eversion of the nipple by pressure 
behind the areola is more likely to be possible in duct 
ectasia. However, the clinical characteristics of the 
retraction do not allow positive differentiation 
between the two conditions, since all these features 
may be seen in either disease. When duct ectasia has 
been complicated by subareolar infection, the re- 
traction may cease to be symmetrical and is also 
frequently associated with areolar deformity. 

A long history, more than one year, and particularly 
when no mass is palpable, favours a diagnosis of duct 
ectasia, but a short history of less than one year is not 
uncommon in this condition. Bilateral retraction like- 
wise favours duct ectasia and we have not seen simul- 
taneous bilateral cancer causing retraction of both 
nipples. 

The presence of nipple discharge, particularly the 
typical creamy or greenish type seen in duct ectasia, 


again favours this diagnosis. A serous or blood- 
stained discharge favours papilloma of the duct or a 
carcinoma but may also be seen in duct ectasia. The 
fact that both duct ectasia and cancer are common 
conditions and may coexist is a further factor 
militating against a discharge being of importance in 
reaching a definitive diagnosis. 

Pain is of little help in differential diagnosis. Two- 
thirds of patients in this series had no pain, and in our 
experience only 10 per cent of patients with cancer 
present with pain as a primary symptom. 

A coexisting mass tends to favour the diagnosis of 
cancer but the presence or absence of a mass, or the 
characteristics of a mass, do not allow confident 
diagnosis in the individual case. 

Several cases of pseudoretraction of the nipple due 
to the oedema of inflammatory carcinoma were seen 
during this period, but caused little diagnostic 
problem because of the extensive nature of the 
carcinoma. 


Mammographic findings 

The mammograms of the 30 patients reported showed 
marked dilatation in 24 patients and minor dilatation 
of ducts in 6 patients. Calcification typical of duct 
ectasia was seen in 12 patients, this was unilateral in 8 
and bilateral in 4 patients. Radiographic retraction 
of the nipple was reported in 18 patients. 

The value of mammography in these cases lies in 
demonstrating the underlying condition. Typical 
radiological signs were found in this series. The 
dilated ducts were frequently seen directly as tubular 
densities, sometimes beaded, extending from the base 
of the nipple and fanning out into the breast disc. 
This appearance was best seen in the multiparous 
atrophic fatty, premenopausal and postmenopausal 
breast. In the younger age group and in nulliparous 
women the breast disc is relatively dense radiologically 
and the dilated ducts may be obscured. Dilated ducts 
were sometimes seen in dense breasts as transradiant 
tubular shadows resulting from the high fat content 
of the duct secretions. 

The calcifications seen were smooth and relatively 
coarse, usually rounded but occasionally elongated or 
even branched. These were typical findings in duct 
ectasia. They are commonly within the ducts and 
often may be recognized to be in the lines of the ducts. 
These are due to calcification of duct contents. 
Occasionally the calcifications are periductal in 
position and are then in areas of fat necrosis result- 
ing from previous plasma cell mastitis (periductal 
mastitis). 


Clinical management policy 

As a result of studying these cases, the following 
management policy has been developed. The patient 
is examined carefully with the breasts in different 
positions to characterize the pattern of nipple retrac- 
tion and to assess the features favouring a diagnosis 
of either cancer or duct ectasia. All patients are 
submitted to mammography and for subsequent 
management divided into two groups depending on 
whether or not a lump is palpable. 

Patients with palpable mass: An attempt at aspiration 
is carried out with a syringe and a No. 21 needle. If 
the mass proves to be a cyst, all fluid is withdrawn. 
Provided no residual mass is present and the aspirate 
contains no blood, the patient is then treated as those 


without a palpable mass. Any persisting mass is 
biopsied, irrespective of mammographic findings. 
Subsequent management is determined on the basis 
of combined assessment of mammograms and biopsy. 
Patients without a mass palpable: Those patients who 
have fatty atrophic breasts with negative mammo- 
grams are confidently reassured that they have no 
serious disease and are seen at 4-monthly intervals for 
| year and then discharged. In younger patients with 
mammographically dense breasts, the patients are 
observed at 3-monthly intervals and mammography is 
repeated at 6 months. If no disease has developed by 
12 months, the patients are again discharged. 

Using this policy, no patient in whom a diagnosis 
of duct ectasia was made was subsequently found to 
have cancer. 


Case reports 

Case 1: A 27-year-old housewife with 3 children complained of 
a lump in the right breast which had been present for 10 weeks. 
This had increased in size and was tender. On examination 
there was a 1-5-cm lump deep to the upper right nipple and 
attached to skin; the nipple was completely retracted. Mammo- 
grams showed only the changes of duct ectasia and the patient 
was to be admitted for excision of the lump. However, she did 
not come into hospital and it was 15 months later when she 
next attended. She was now having pain in the right nipple and 
also a clear discharge from it. The lump had increased in size to 
4x3 cm and there was dimpling of the skin accompanying the 
nipple retraction. Mammograms showed duct ectasia and the 
mass (Fig. 2). Aspiration produced 40 ml. of pus-like material 
which was sterile on culture. This aspiration relieved her 
symptoms which had not resumed on follow-up 2 and 8 months 
later. 


Case 2: A 53-year-old nulliparous patient complained of 
retraction of the left nipple, present for 4 months. There had 
been neither tenderness of the breast nor nipple discharge. On 
examination the only abnormality was retraction of the centre 
of the left nipple and early retraction of the right nipple (Fig. 1). 
The nipple retraction was considered to be due to duct ectasia 
and this was confidently confirmed by mammography. The 
patient was reassured. One year later there was no change 
clinically or on repeat mammograms and she was discharged 
from the clinic. 

Case 3: A 25-year-old housewife with 1 child complained of a 
3-year history of milky discharge from the nipple. The discharge 
had been small but occurred on most days. There was no history 
of pain or of lumps in the breast. The only clinical finding was 
central inversion of the left nipple. Fig. 3 compares the right 
and left nipples: a slight milky discharge could be expressed 
from the left nipple. Mammograms showed dilated ducts in 
the left breast. The patient was reassured and was reviewed at 
| year with repeat mammography. As this was clear, the patient 
was discharged. 


Discussion 

The classic view of duct ectasia is that the primary 
abnormality is dilatation of the ducts possibly due to 
a hormonal effect on the smooth muscle of their walls. 
These then fill with secretions and debris which may 
lead to nipple discharge. The stasis gives rise to 
chronic inflammation both within the duct wall and 
in the surrounding periductal tissue, with subsequent 
fibrosis and nipple retraction. Such a sequence of 
events would fit in with our findings regarding nipple 
retraction. Mural fibrosis of the duct wall would 
account for the asymptomatic retraction seen in 
older women, while periductal inflammation would 
lead to the grosser cases of retraction, oedema and a 
mass characteristically seen in the premenopausal 
woman. 
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Fig. 2. Mammogram showing duct ectasia and a mass. 





early central retraction of the left nipple. 


But this classic view has been challenged, particu- 
larly by Dossett (1959), who believes that the primary 
change is periductal inflammation—often slight and 
asymptomatic. The duct dilatation is considered to be 
secondary to inflammation possibly due to obstruction 
of periductal lymphatics and to impaired absorption of 
secretions through the damaged ductal epithelium. 

We do not have sufficient biopsy material from this 
series to support either view, although our early 
findings are consistent with the second viewpoint in 
at least some cases. While such theories may have no 
direct bearing on the clinical problem of nipple 
retraction, they might influence the interpretation of 
mammographic findings. Mammography and xero- 
graphy give a clear representation of many aspects of 
breast disease, including duct ectasia (Evans and 
Gravelle, 1972; Asch and Frey, 1962); it probably 
cannot distinguish between thickened and dilated 
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ducts unless the contents of the dilated duct have so 
high a fat content as to become transluscent. The 
clinical value of mammography lies in excluding 
cancer and confirming duct ‘ectasia’ in cases of nipple 
retraction and is not compromised by failure to 
distinguish between thickened and dilated ducts. 
Further studies correlating radiological and patho- 
logical findings may lead to such a differentiation 
becoming possible. 

On clinical grounds it appears that the central 
retraction of the nipple is the early stage of retraction 
in duct ectasia and may be due to early mural fibrosis. 
This slight retraction will be missed unless the nipple 
is carefully observed. In most cases, retraction tends 
to be slowly progressive until it is complete, 

Misdiagnosis of duct ectasia in the past has led to 
mastectomy. Adair (1933) reported 10 cases of duct 
ectasia, 8 of whom were treated by radical mastec- 
tomy. Haagensen (1971) states ‘that my own distress- 
ing experience of mistaking mammary duct ectasia for 
carcinoma, and the study of reports of other surgeons, 
convinces me that it is impossible to distinguish the 
two diseases by clinical examination’. Our series 
confirms the difficulty in distinguishing duct ectasia 
from carcinoma on clinical grounds alone, but a high 
degree of awareness of the condition and the policy 
recommended here will allow early reassurance of 
most patients and will minimize unnecessary surgical 
exploration. ~ 

It is difficult to determine whether the considerable 
incidence of nipple retraction seen in our clinic is the 
result of a greater awareness of the condition or is due 
to an increase in incidence in recent years. The fact 
that most cases were referred solely because of nipple 
retraction and with a provisional diagnosis of cancer 





suggests that a true increase in incidence may be 
occurring. 
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Congenital oesophagobronchial fistula in the adult 
A. SALEPCIOGLU, H. CEBECI, H.SANER AND T. AKCAL* 


SUMMARY 

A’ case of congenital oesophageobronchial fistula 
presenting in adult life without the more usual accom- 
panying pulmonary infection is presented. The clinical, 
radiographic, morbid anatomical and histological 
Features of this lesion are discussed. 


ANOMALOUS communications between the oesophagus 
and the respiratory system fall into the following 
main categories (Smith, 1970): 

1. Benign 

a. Congenital: (i) Infants, with or without oeso- 
phageal atresia. (ii) Adults, without oesophageal 
atresia. 

b. Acquired: (i) Traumatic. (ii) Inflammatory, 
either tuberculous or as a result of mediastinitis. 

2. Malignant 

a. Bronchial carcinoma, 

b. Oesophageal carcinoma. 

c. Primary or secondary hilar-node metastases. 

Congenital fistulas associated with atresia of the 
oesophagus present in infancy and their diagnosis and 
treatment are established. Most adult communications 
result from carcinoma. Fistulous communications 
between oesophagus and bronchi, through a muscular 
tube, are clearly a rare congenital anomaly and the 
case may reach adult life before the condition is 
recognized, particularly if the communication involves 
the lobar bronchi rather than the main bronchus. All 
27 previously reported cases with this anomaly have 
presented with some kind of pulmonary sepsis, except 
the case reported by Smith (1970), who had no such 
symptoms. The purpose of this paper is to present 
another case of oesophagobronchial fistula in whom 
the symptoms were prolonged bouts of coughing on 
swallowing liquids. 


Case report 

A woman of 37 years was first seen in April 1976 in the Depart- 
ment of Surgery complaining of coughing only on swallowing 
liquids over the past 3 years. She denied any previous 
complaimts. She also had heartburn and epigastric pain occur- 
ring within a few hours of eating a meal. A barium swallow 
showed two oesophageal diverticula localized at the middle 
and lower third of the oesophagus. A fistulous tract was 
communicating between the lower diverticulum and the bron- 
chus of the right lower lobe (Fig. 1). At bronchoscopy, an 
oesophagobronchial communication was identified in the 
bronchus of the dorsal segment of the right lower lobe. A 
bronchogram demonstrated absolutely normal anatomy. At 
oesophagoscopy both diverticula were seen but the orifice of 
the lower diverticulum was too narrow to allow the central 
end of the fistulous communication to be identified. At a 
right posterolateral thoracotomy, a tubular communication 
3—4 cm long was identified between the more distal of the two 
oesophageal diverticula and the bronchus of the dorsal 
segment of the lower lobe. A length of the fistula was removed 
for histological examination. The bronchial end of the fistula 
was repaired and the oesophageal end was closed after removal 
of the diverticulum. The patient made an uneventful recovery. 
Histological examination of the resected fistula showed a 
lining of squamous epithelium and two layers of smooth 
muscle in the wall. 


Discussion 

Oesophagobronchial fistula in the adult has been well 
reviewed and classified by Braimbridge and Keith 
(1965). They found 20 previously published cases to 
which they added 3 of their own. According to these 
authors, four types of congenital fistulas between the 
oesophagus and the lower bronchi can be distin- 
guished. The first (type I) is associated with a wide- 
necked congenital diverticulum of the oesophagus. 
Inflammation or perforation of such a diverticulum 
by a foreign body may result in an acquired oesophago- 
bronchial fistula (Hewitson, 1961). Type I is the 
simplest; a short tract runs directly from the 
oesophagus to the lobar or segmental bronchus. Type 
Ill consists of a fistulous tract connecting the oeso- 
phagus to a cyst in the lobe which in turn com- 
municates with the bronchus. In type IV, the fistula 
runs into a sequestrated segment which is recognized 
by the presence of a systemic arterial supply from the 
aorta. The sequestration connects by one or more 
tracts with the bronchus (Das et al., 1959). Our case 
belongs to type I of this classification. 

The congenital nature of a fistula may be assumed 
if there is no evidence of past or present inflammation 
around the fistulous tract or oesophagus, if there are 
no adherent lymph nodes, and if histological examina- 
tion of the specimen shows both mucosa and muscu- 
laris mucosae (Brunner, 1961). The absence of 
inflammation makes operative dissection simple and 
virtually eliminates a previous inflammatory cause for 
the lesion (Braimbridge and Keith, 1965). In this 
patient there was no evidence of previous inflamma- 
tion around the fistulous tract at operation. Smith's 
(1970) article gave a logical embryological explanation 
as to the origin of these fistulas. At the 5-mm stage of 
the embryo, the tracheal bud which originated from 
the ventral aspect of the primitive foregut rapidly 
elongates caudally and separates from the oesophagus. 
If this attachment of the oesophagus and the trachea 
persists, then an oesophagotracheal fistula will result. 
The eventual site of the fistula in the bronchial tree 
will depend upon the degree of oesophagotracheal 
separation that occurs before caudal elongation of the 
trachea. If rapid growth occurs early the fistula will be 
low in the bronchial tree. An alternative explanation 
is a localized, antenatal intra-uterine infection which 
causes the adherence of the embryonic bronchus and 
oesophagus. In later life, this would manifest itself as 
a fistula. 

These fistulas have been described in the literature 
as usually showing a lining of stratified squamous 
epithelium, as in this case (Berman et al., 1952), 
though epithelial linings of columnar or transitional 
cells have also been described (Davidson, 1956). 

Symptoms often begin only in adult life (Brunner, 
1961), and are due to chronic pulmonary sepsis. 
Cough is the most consistent symptom. Choking on 
swallowing liquids should make the diagnosis obvious, 
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but the symptom which presents is often so mild that 
it is only elicited on questioning (Le Roux and 
Williams, 1968). The diagnosis is most convincingly 
demonstrated by visualization of the fistulous com- 
munication by the ingestion of contrast medium. 
Endoscopy may demonstrate the opening of the 
fistula into the bronchus or into the oesophagus or 
both, but the fistula is usually recognized at its 
bronchial end. Bronchography should be employed in 
every case, even though symptoms do not seem to be 
severe enough to warrant special studies. Such studies 
will outline the diseased pulmonary tissue which must 
be resected at operation (Wychulis et al., 1966). Treat- 
ment is by closure of the fistula alone or by closure 
with excision of permanently damaged segments of 
the lung. For those patients who could not tolerate 
operation, Clerf in 1933 carried out a procedure of 
obliteration of the oesophageal end of the fistula with 
silver nitrate, but the prospects of permanent cure by 
this method are uncertain. 
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Fig. 1. a, Anteroposterior view of the fistulous tract by barium swallow. b, Lateral view of the fistulous tract. 
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Where is your vagotomy incomplete? Observations 


on operative technique 
A.G. JOHNSON AND H. K. BAXTER * 


SUMMARY 

There is a trend in gastric surgery towards more 
selective types of vagotomy but the techniques are 
more difficult and incomplete nerve section may be 
more likely. Using the Grassi intra-operative test of 
mucosal pH, we have studied 50 consecutive patients, 
13 having truncal vagotomy, 9 having bilateral selective 
vagotomy and 28 having proximal gastric vagotomy. 
We have identified four distinct areas of the stomach 
where nerve fibres are likely to be left. Three of these 
can usually be eliminated by careful attention to tech- 
nique, but the fourth—the distal extent of the parietal cell 
mass-—can only be identified by a precise intra-operative 
test; this is relevant to proximal gastric vagotomy but 
not to truncal vagetomy. Unexpected anatomical varia- 
tions of the vagus nerve branches were found in 8 
patients. A precise intra-operative test of residual inner- 
vation is particularly helpful in establishing the technique 
of proximal gastric vagotomy. 


SURGEONS agree that the aim of the operation of 
vagotomy, however selective, is to denervate com- 
pletely the parietal cell mass. They also agree that 
ulcer recurrence after vagotomy is generally due to 
incomplete nerve section. However, not all patients 
with an incomplete vagotomy develop recurrent 
ulcers and there is considerable disagreement about 
the significance of residual innervation of a small 
group of parietal cells. There is also discussion about 
which postoperative tests can be used to detect a high 
risk of recurrence. Although the Hollander test 
is open to criticism and different interpretations, 
Johnston et al. (1967) found that there does seem to 
be a correlation between an early positive Hollander 
test soon after the operation, later recurrent ulcera- 
tion and the finding of significant vagal fibres at 
reoperation, at least after vagotomy and drainage. 
On the other hand, Cowley et al. (1973) found that the 
Hollander test performed soon after operation was 
unreliable and concluded that the only criterion that 
ensured against recurrent ulcer was a reduction in 
postoperative peak acid output of 60 per cent or more, 
even if the insulin test was positive. This implies that 
the vagotomy has been ‘adequate’ if not complete. 
The implication of these tests will be discussed later, 
but careful long term follow-up is the only way of 
assessing the true recurrence rate. However, the 
surgeon does not try to see how many vagal fibres he 
can safely leave behind, and our purpose in this 
paper, given that a complete nerve section is the 
ideal, is to point out where technical problems have 
arisen. 

The new proximal gastric vagotomy—highly 
selective vagotomy (HSV) or parietal cell vagotomy 
(PCV)—~is more difficult and more time-consuming 
than truncal vagotomy and there are more opportuni- 
ties for small fibres to be left. If the technique is not 
meticulous the results will be poor and the great 
disparity between recurrence rates in early reports, 


from 0 per cent up to 5 years (Johnston, 1974) to 20 
per cent at 18 months (Liedberg and Oscarson, 1973), 
may well be due to differences in technique. 


Patients and methods | 
We have used the Grassi intra-operative test (Grassi et al., 
1974) to detect residual innervation of the parietal cells. In this 
test a combined pH/reference electrode (Magonsonde Type 440, 
Ingold AG, Switzerland) is introduced into the stomach 
through a small gastrotomy and the mucosal pH is checked 
before the vagotomy to ensure that the parietal cells are 
secreting normally and the probe is working. It is normal to 
find an initial pH of between 1-5 and 2-5. Anticholinergic drugs 
must not be given with the premedication although H, receptor 
antihistamines, such as Phenergan, are allowed. During the 
vagotomy, an intravenous infusion of pentagastrin (6 ug kg 
h-') is started. After apparent completion of the vagotomy, the 
stomach mucosa is thoroughly washed via the nasogastric tube 
and the gastrotomy to remove all previous secretion. The pH 
probe is then reintroduced and the mucosal pH is tested 
throughout the stomach (Fig. 1). 

A mucosal pH of less than 4-5 indicates residual innervation 
of the parietal cells, as denervation diminishes their sensitivity to 
circulating gastrin (Nyhus, 1974). The test has the advantage 
over other intra-operative tests, such as that of Burge (Burge and 
Vane, 1958), because the residual innervated area can be located 
precisely. This is especially important in the operation of PCV 
where the distal limit of the parietal cells cannot be detected 
visually. 


Table I: DISTANCES FROM PYLORUS OF DISTAL 
DENERVATION 
After residual! 


Initially secretion abolished 


11 
9 
9 

10 

10 
8 

li 
8 

10 
9 
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Distances were measured on the anterior surface | cm in 
from the lesser curve, All measurements are given in cm. 


We have studied in detail 50 consecutive vagotomy patients, 
13 having truncal vagotomy (TV) and drainage, 9 with bilateral 
selective vagotomy (SV) and drainage and 28 with PCV with- 
out drainage. Forty-two patients had duodenal ulcers, 2 had 
chronic gastric ulcers and the remaining 6 had other conditions, 
such as pyloric ulcers or recurrent erosions. 

PCV was only done on patients with no significant scarring 
in the duodenum. We have also recorded whether the patients 
were obese, of average weight or thin, as this may influence 
* Department of Surgery, Charing Cross Hospital, London, 
W6 8RF. 












A, G. Johnson and H. K. Baxter 





Fig. 1. Use of the pH probe to measure mucosal pH at the Fig, 3. The nerve branches causing residual innervation to 
end of the operation. each area. 





Fig. 2. The consistent areas of residual innervation. Fig. 4. Residual innervation on the greater curve of the 
antrum can be abolished by division of gastro-epiploic 
branches. 


the technical problems. The areas of residual innervation were 
plotted on a diagram of the stomach after an apparently 
complete vagotomy and then any residual areas were dener- 
vated. All operations were performed by a consultant surgeon 
and a surgeon in training, working together. 


Results 

In 21 of the 50 patients (42 per cent) there was 
complete parietal cell denervation at the first attempt. 
These included 10 out of the 13 with TV, 2 out of 9 
with SV and 9 out of 28 with PCV. In the remaining 
29 patients there were one or more of four areas of the 
stomach with residual innervation. These four positions 
are shown in Fig, 2. 


Area A 

Nineteen patients had residual innervation in this 
area. Of these, 16 had undergone PCV and 3 SV 
(these will be discussed separately later), Residual 
innervation in this area was not observed after TV. 
Normally the denervation of the lesser curve in PCV 
is started arbitrarily at the first or second branch of the 
vascular ‘crow’s foot’. We found that this did not 
always coincide with the antral parietal cell junction 
(Fig. 3a). Table I shows the initial distance from the 
pylorus that the denervation was started and the final 
distance when the denervation had been completed 
after intra-operative testing. The residual acid- 
secreting area is like a wedge with the largest area on 
the greater curve. Eight patients with PCV had an 
area A as the only area of residual innervation, which 
must be remembered when interpreting the overall 
figures for complete denervation. 


Area B 

This area, a thin strip extending down the posterior 
lesser curve, remained innervated in 10 patients, 3 TV, 
2 SV and 5 PCV. The innervation was due to a thin 
longitudinal fibre closely adherent to the posterior 
lesser curve (Fig. 3b) and seemed to occur in patients 
with abnormal adhesions across the lesser sac from 
the stomach to the pancreas that had to be divided. 


Area C 

The posterior part of the angle of His remained 
innervated in 9 patients, 1 TV, 3 SV and 5 PCV. This 
was due to a posterior fibre passing obliquely across 
the back of the lower oesophagus, a fibre which 
Grassi refers to as the ‘criminal nerve’ (Grassi et al., 
1974) (Fig. 3c). 


Area D 
We were surprised to find this area still innervated in 
9 patients, 4 SV and 5 PCV. The cause was a fibre 
crossing the angle of His from the oesophagus to the 
fundus outside, i.e. lateral to, the usual area of 
dissection of the angle (Fig. 3d). This was especially 
likely to occur if the dissection was only carried as far 
as a sling that was close to the oesophageal wall. 
Sometimes the first short gastric vessels had to be 
divided to eliminate the secretion here. This area was 
not a problem with TV because the dissection is at a 
more proximal level before the nerves have branched. 
Fifteen patients had only one of these areas still 
innervated, 10 had two areas and 4 had three areas 
innervated. Possibly only those 4 with all three 
areas innervated would have produced enough acid 
to cause recurrent ulcers, but that is pure conjecture. 
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Whether the patients were obese, of average weight 
or thin made no difference to whether the initial 
vagotomy was complete nor to which areas were 


still innervated. 


Discussion 

As is to be expected, TV gave the greatest proportion 
of complete denervations, 10 out of 13 being complete 
at the first attempt. It is when the surgeon changes 
from TV to SV or PCV that the technical problems 
arise. Once the problem areas are identified, careful 
attention to techniques can usually achieve complete 
denervation. This applies to areas B, C and D, and 
residual innervation of these areas was far less 
common in the second half of the series. 

The posterior aspect of the stomach and the lower 
oesophagus must be meticulously cleared and the 
dissection carried 3 cm up the oesophagus and 3 cm 
out along the top of the fundus from the angle of His, 
confirming what Hedenstedt et al. (1972) stressed in 
their description of the operation. In fact, with PCV 
we now clear the angle of His as the first step of the 
operation. Area A still presents a problem; for with- 
out a precise test it is impossible to guess where the 
junction is. In 15 out of 28 PCVs we had to take 
the denervation 1-2 cm more down the lesser curve. 
The most distal point was 6cm from the pylorus. 
Whether this strip of innervation is clinically signi- 
ficant will probably depend on individual patients. It 
could explain the high proportion of patients with a 
positive Hollander test at 2-4 years after HSV (PCV) 
(Johnston, 1974). Some of the other residual areas 
could explain the 20 mmol/l of acid that Hollander 
allowed as not significant in terms of recurrence. 

The present patients have been followed for up to 
2 years and there have been no duodenal ulcer 
recurrences. One patient who had a PCV for duodenal 
ulcer developed a very large benign lesser curve 
gastric ulcer which showed no signs of healing on 
conservative therapy. It was probably due to ischaemia 
as the lesser curve was noted to be rather dusky at the 
end of the operation; the patient is well following a 
Billroth I partial gastrectomy. We have not done 
routine postoperative acid secretion tests on these 
patients. There is good recent evidence that a negative 
Grassi test gives no rise in acid after insulin in the 
postoperative period, a 100 per cent reduction in 
basal acid output and a 76 per cent reduction in 
peak acid output to pentagastrin (Shorey et al., 1977). 
It therefore seems to be the best method available for 
checking residual innervation during operation. 


Anatomical variations 

In 8 patients the anatomical arrangement of the nerves 
was unexpected. In 2 patients after truncal vagotomy 
there was a residual area 2 cm in diameter halfway 
down the greater curve. In another patient with PCV 
a similar area was noted and the secretion abolished 
by dividing two branches of the gastro-epiploic 
vessels. In the 3 patients with selective vagotomy in 
whom area A was still innervated, a posterior peri- 
toneal fold coming off the pancreas and sweeping up 
on to the posterior wall of the stomach carried the 
nerves. Presumably they were coming via the coeliac 
branches which are intentionally left intact. In the 
seventh patient who had a PCV a 5-cm area on the 
greater curve opposite the incisura was still secreting 
acid. Taking the denervation more distally down the 
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lesser curve made no difference. Only dividing twọ 
branches from the right gastro-epiploic vessels going 
directly to this area obliterated the acid secretion. 
The eighth patient had a similar, smaller area 7 cm 
from the pylorus. Presumably these nerves were 
coming back via the pyloric branches from the 
hepatic branches (Fig. 4). This variation has been 
previously observed by Rosati et al. (1976). 


Conclusion 

With the more selective vagotomies there are four 
areas on the stomach where residual nerves can be 
easily left. Three of these, the posterior high lesser 
curve, the posterior angle of His and the dome of the 
fundus, can be denervated, in most cases by careful 
attention to technique. The fourth area, at the antral 
body junction, can only be found by using a precise 
intra-operative test such as that used here. In 
addition, anatomical variations of innervation can 
only be detected by such a method. If the distal 
denervation in PCV is continued to within 6 cm of the 
pylorus, it will probably be satisfactory in most cases, 
but care must be taken not to denervate the antrum 
completely if no drainage procedure is to be per- 
formed. A precise test is strongly advised when the 
new vagotomy procedures are initially being used. It 
could be argued that, after adequate experience, the 
test is no longer necessary; but the dual problem of 
the extent of the parietal cells and anatomical varia- 
tions means that the routine use of a precise intra- 
operative test is helpful in the technique of proximal 
gastric vagotomy. 
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Volvulus of the sigmoid colon 
GEORGE A. KHOURY, ROBERT PICKARD AND MICHAEL KNIGHT* 


SUMMARY 

The clinical presentation and treatment of 31 consecu- 
tive patients with sigmoid volvulus are reviewed. Nearly 
half of these patients had a history of mental illness and 
one-third of all patients were chronically constipated. 
The main clinical features of abdominal pain and gross 
abdominal distension had been present for an average 
of 8 days before presentation of the patient to hospital. 
The clinical diagnosis of sigmoid volvulus was not 
difficult but the presence of non-viable bowel was more 
difficult to establish. A silent abdomen was the most 
valuable indication of the presence of gangrenous bowel. 

Conservative measures, including sigmoidoscopy and 
therapeutic barium enema, successfully reduced the 
volvulus in half of the cases so treated. 

In those patients undergoing surgery the procedure 
associated with the lowest mortality was sigmoid 
resection with end-to-end anastomosis. The overall 
mortality was 35 per cent. 


SiGMoip volvulus is not a common disorder; the 
average district hospital in Great Britain and the 
United States admits only one or two cases a year 
(Bolt, 1956). It is, however, an important condition 
because the mortality is still very high—about 30 per 
cent (String and DeCosse, 1971; Arnold and Nance, 
1973) and its incidence appears to be increasing 
(Isaacson and Greer, 1952; Drapanas and Stewart, 
1961). In recent reviews little attention has been paid 
to the complications of the condition and the causes of 
death among patients, particularly in the surgically 
treated group, and this study was undertaken to 
determine these factors with a view to improving 
treatment and prognosis. 


Patients and methods 

Thirty-one consecutive patients with sigmoid volvulus present- 
ing to the St George’s group of hospitals between 1964 and 
1974 were studied. There was an equal sex incidence and all 
patients were of European origin. The average age of the 
female patients was 68 years and of the males 62 years. Ages 
ranged from 22 to 93 years and 20 per cent of all patients were 
over the age of 80 years (Fig. 1). Nearly half had some form of 
mental illness, including chronic depression, schizophrenia and 
senile dementia. One-third of all patients complained of chronic 
constipation of 3 years’ duration or longer. 

Diagnosis was made on the history, clinical presentation and 
on radiological investigations. 

The duration of symptoms before admission averaged 
8 days and ranged between 1 and 30 days. The majority of 
patients presented with generalized abdominal pain, often 
colicky in nature. One-third of all patients complained of 
nausea and vomiting. Other symptoms included anorexia, 
absolute constipation and the discomfort of a distended 
abdomen. Rectal bleeding, although it is known to occur, was 
not a presenting feature in any of the patients. 

On clinical examination the most common finding was 
generalized abdominal distension. Clinical dehydration was 
noted in one-third of all patients and in half of these patients 
the blood urea level was significantly raised. Bowel sounds 
were absent in 8 patients and in 7 of these gangrenous bowel 
was resected at subsequent laparotomy. In this group of 7 
patients with non-viable bowel, signs of peritoneal irritation 
were lacking in 4 and all had a norma! pulse rate preoperatively. 


Plain X-rays of the abdomen were obtained in 27 patients 
and were diagnostic in 20. A barium enema was given to 4 
patients and in all cases was diagnostic. Sigmoid volvulus was 
diagnosed in | patient at autopsy. 


PATIENTS 


NUMBER OF 
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AGE IN YEARS 
Fig. 1. Age distribution of the 31 patients in the series. 
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Fig. 2. Flow chart showing methods used in the treatment of 
31 consecutive patients. 


Results 

The management of this series of patients is sum- 
marized in Fig. 2. All patients were rehydrated with 
intravenous fluids and electrolyte imbalance was 
corrected. A nasogastric tube was passed in all who 
could tolerate the procedure. 

Sigmoidoscopic reduction of the sigmoid volvulus 
was attempted in 7 cases and was successful in 4. No 
further procedure was undertaken in these 4 patients 
and there have been no recurrences in a mean 7-year 
follow-up. The 3 patients in whom sigmoidoscopic 
reduction failed underwent emergency surgery. 





* St George's Hospital, London. 
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Therapeutic barium enema was attempted in 4 cases 
and reduction of the volvulus was effected in 2. One 
of these 2 patients has had no recurrence in the 
2-year follow-up period but the other was admitted 
on three occasions with further torsion and eventually 
required sigmoid colectomy. The 2 patients not 
responding to therapeutic barium enema underwent 
operation, 

Twenty-four patients underwent emergency opera- 
tion to reduce the volvulus. Viability of the bowel was 
assessed in each case and associated pathology 
excluded. 

In 5 patients, all with viable bowel, no fixation or 
resection was carried out after correction of the 
volvulus and 4 subsequently died—3 of renal failure 
and 1 of septicaemia. 

Six patients, including 2 with non-viable bowel, 
underwent resection of the sigmoid colon with end- 
to-end anastomosis. The one death in this group, a 
patient with non-gangrenous bowel, was due to a 
myocardial infarction during the early postoperative 
period. The 5 survivors have been recurrence-free for 
an average of 7 years. 

A Mikulicz procedure was carried out in 10 
patients, including 4 with obvious gangrene of the 
bowel, and 4 of these patients died. One of these 
deaths occurred in a patient with non-viable bowel 
while the other 3 patients all had viable bowel. The 
causes of death in these cases included renal failure 
in 2, myocardial infarction in 1 and septicaemia in 1. 
There were no recurrences of the sigmoid volvulus in 
the survivors. 

Hartman’s operation was considered appropriate 
in 3 patients, 2 with viable colon and 1 with gan- 
grenous bowel who succumbed from renal failure in 
the postoperative period. One of the 2 patients with 
viable bowel also died from septicaemia. The surviving 
patient has had no recurrence, 

One patient in the whole series was admitted in a 
moribund state and died before any definitive therapy 
could be undertaken. 

The overall complication rate was high. Post- 
operative septicaemia occurred in 5 patients, 3 of 
whom died. Fifty per cent of all deaths in this series 
were associated with or directly due to acute renal 
failure and in half of these patients renal function 
had been normal on admission. Renal failure, here 
defined as an elevation of blood urea above 13 mmol/l 
and the reduction of urine output to below 300 ml/ 
24h, most commonly developed on the third post- 
operative day. 

Complications requiring surgical intervention were 
seen in 4 patients and included wound abscess, 
gangrenous omentum, small bowel obstruction due to 
adhesions and caecal volvulus. 

The overall mortality rate was 35 per cent. 


Discussion 
The mortality of 35 per cent in this series of patients 
confirms the work of String and DeCosse (1971) and 
Arnold and Nance (1973) and indicates that sigmoid 
volvulus is still a dangerous condition. In this study, 
however, a review of the clinical features and com- 
plications of the condition suggests that many of 
these deaths are potentially avoidable. 

Delay in diagnosis may be a major factor in the 
high mortality, particularly in the older age group, 
and in this series the average patient had been 


symptomatic for 8 days before presentation. A 
similar observation has been made by Kerry and 
Ransom (1969), who recorded an average delay in 
treatment of 11 days in their 8 patients with gan- 
grenous bowel, and 6 of these died. That 50 per cent 
of our patients gave a history of mental illness and 
were admitted from institutions may provide a 
possible explanation for this excessive delay. Con- 
stipation and vague abdominal pain are common 
features of the institutionalized patient and perhaps 
more vigilance on the part of psychiatrists, geria- 
tricians and general practitioners might reduce this 
period before presentation. 

Once the patient has been admitted to hospital, 
diagnosis is not difficult. The typical distended 
abdomen and characteristic X-ray features are usually 
sufficient to indicate the nature of the obstruction, 
but on occasions a diagnostic barium enema may be 
necessary. The clinical diagnosis of gangrenous bowel, 
however, is more difficult, particularly in the older 
age group who tend to develop sigmoid volvulus. In 
this series over half the patients with non-viable 
bowel showed no evidence of tachycardia or peritoneal 
irritation, although all were noted to have a silent 
abdomen on auscultation. Bowel sounds were present 
in all other patients except one and all of these 
showed viable bowel at subsequent laparotomy, or 
were successfully treated by non-operative measures. 
Thus, auscultation would appear to be a valuable 
aid in determining the presence of gangrenous 
bowel. 

The treatment of patients with sigmoid volvulus 
may be non-operative or operative depending on the 
condition of the patient and the presence or absence 
of gangrenous bowel. 

Non-operative treatment is designed to reduce the 
volvulus from within the distal colonic lumen and 
this can be achieved by passing a well-lubricated 
rectal tube or sigmoidoscope or by means of a barium 
enema. Arnold and Nance (1973) reported a success 
rate of 67 per cent using a therapeutic barium enema 
and 100 per cent using the rectal tube technique, 
although only 5 of their patients were treated in this 
way. In the larger series of Shepherd (1968) the success 
rate for conservative treatment was 88 per cent. 
Initial reduction, however, is often followed by 
recurrence (Kerry and Ransom, 1969). In this series 
a therapeutic barium enema achieved reduction of the 
volvulus in 2 of the 4 patients in whom it was attemp- 
ted and one of these later required surgery for 
recurrence. Sigmoidoscopic reduction was successful 
in 4 of 7 patients and there has been no recurrence in 
these 4 patients. Conservative measures thus seem 
well worth trying, particularly in those patients with 
a short history and audible bowel sounds. 

Previous teaching that non-operative reduction 
should be followed by elective surgery (Wuepper et 
al., 1966) has recently been questioned by Arnold and 
Nance, who noted a considerable mortality from 
elective surgery compared with a low mortality from 
recurrent volvulus (Arnold and Nance, 1973). The 
findings in this series support the more conservative 
approach. 

Patients who are suspected of having non-viable 
bowel, those with recurrences and those in whom 
conservative measures have failed require operative 
reduction of the volvulus under general anaesthesia 
after adequate preoperative preparation. 





The correct surgical procedure after the initial 
reduction of the volvulus has been a matter of debate 
for decades. The choice of technique includes the 
Mikulicz procedure with exteriorization and resection 
of the redundant loop, Hartman’s operation, in which 
an end colostomy is constructed and the distal colon 
closed after resection of the sigmoid colon, or primary 
sigmoid resection with end-to-end anastomosis. The 
associated mortality rates in this small series for 
patients with viable bowel were 50 per cent for the 
Hartman’s operation, 50 per cent for the Mikulicz 
procedure and 25 per cent for the group treated with 
sigmoidectomy and end-to-end anastomosis. Com- 
parable figures for the patients who had gangrenous 
bowel were 100 per cent and 25 per cent with no 
mortality in the 2 patients treated with sigmoidectomy 
and direct anastomosis. 

In general, it would appear that sigmoid resection 
with end-to-end anastomosis is superior to the other 
procedures. However, the numbers in this series are 
small and no absolute conclusions can be drawn. 
There would appear to be no place for surgical reduc- 
tion of the volvulus alone without resection, as 4 of 
5 patients in this series treated in this way eventually 
died. A similar recommendation is made by Shepherd 
(1968) in his review of sigmoid volvulus in the 
Baganda tribe of Uganda. He noted a 42 per cent 
recurrence rate after simple surgical untwisting and 
an operative mortality similar to that in the group of 
patients treated with bowel resection. 

The incidence of postoperative renal failure in this 
series was high; this is especially noteworthy as this 
complication was associated with or responsible for 
50 per cent of the fatalities. In the past little attention 
has been paid to this aspect of the surgically treated 
sigmoid volvulus and it obviously requires further 
investigation, particularly as one-half of these 
patients had normal renal function on admission. 
Several factors must be considered in its aetiology, 
including inadequate hydration, hypotensive episodes 
during surgery, postoperative septicaemia, nephrotoxic 
antibiotics and perhaps renal toxins from ischaemic 
bowel. More attention to pre- and postoperative 
fluid and electrolyte balance would seem to be 
indicated in these patients and careful monitoring 
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of serum and urine electrolytes, central venous 
pressure and urine output is mandatory. Peritoneal 
dialysis and haemodialysis may be required if more 
conservative measures fail. 

Another complication noted with some frequency 
in this series of patients was septicaemia, which 
developed in 5 patients and was fatal in 3. Prophylactic 
antibiotics were not used routinely in the postoperative 
phase in all patients but in view of the high incidence 
of infective complications there may well be a place 
for this measure. 

Finally, the preventive aspects of sigmoid volvulus 
should be further investigated. There is a close 
association between chronic constipation and the 
development of sigmoid volvulus, and in this series 
one-third of all patients gave such a history. A 
review of dietary factors in institutions, particularly 
mental hospitals, may be indicated, and this measure 
alone may significantly reduce the incidence of the 
disease. 
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The clinical significance of pneumatosis cystoides 


intestinalis: a report of 5 cases 
W.O. THOMSON, G. GILLESPIEANDL. H. BLUMGART* 


SUMMARY 

Pneumatosis cystoides intestinalis is an uncommon 
condition characterized by the presence of gas wi thin 
the wall of the bowel. In most cases the clinical course 
is benign and may well be self-limiting, while in others 
the appearance of pneumatosis may indicate the presence 
of bowel ischaemia and necessitate emergency laparo- 
tomy. This paper describes 5 cases which demonstrate 
some of the difficulties in diagnosis and management 
and the improvement which can result from clinical 
awareness of the condition. 


PNEUMATOSIS cystoides intestinalis is a condition of 
uncertain aetiology in which gas accumulates within 
the wall of the bowel. The first descriptions were by 
Du Vernoi (1730) and later by Bang (1876). Koss 
(1952) reviewed 213 recorded cases, yet 22 years later 
only 410 cases had been reported (Shalla! et al., 1974). 
This paper presents 5 cases seen over a period of 15 
years in two Glasgow hospitals. 


Case reports 

Case 1: A 41-year-old woman presented in 1960 with a 4- 
month history of abdominal pain, flatulence, constipation and 
rectal bleeding. She had chronic bronchitis and there was a 
strong family history of colonic cancer. On examination, the 
descending colon was easily palpable but there was no other 
abnormality. Sigmoidoscopy was negative. Results of a barium 
enema examination were suggestive of gross polyposis at the 
splenic flexure and laparotomy was thought to be indicated. 
At operation there was no visible abnormality of the colon, 
but many ‘polyps’ were palpable through the bowel wall from 
the mid-transverse colon to the pelvirectal junction. Accor- 
dingly, colectomy with ileorectal anastomosis was performed. 
Histology, however, showed multiple submucous gas cysts up 
to 3cm in diameter and no polyps. The patient has remained 
symptom-free since operation. 


Case 2: A 57-year-old man presented in 1968 with a 6-week 
history of diarrhoea and mucous discharge per rectum. On 
physical examination there was no abnormality, but on 
sigmoidoscopy ‘polyps’ were seen at 15cm from the anal 
margin. Mucosal biopsies showed mild inflammatory changes 
only. Barium enema examination (Fig. 1) was initially thought 
to show multiple polyposis of the colon and the patient 
was prepared for laparotomy and colonic resection. Immedi- 
ately prior to surgery, however, following radiological review, 
the diagnosis was revised to pneumatosis coli. Accordingly, no 
surgery was undertaken and the patient was treated sympto- 
matically. Three months later a repeat barium enema examina- 
tion showed no significant change, although the patient's 
symptoms had improved markedly. He defaulted from 
follow-up shortly afterwards. 


Case 3: A 72-year-old woman presented in 1969 with a 2- 
month history of passing blood and mucus per rectum, with 
constipation and occasional lower abdominal colic. Physical 
examination was normal but on sigmoidoscopy gas cysts were 
recognized at 20cm from the anal margin. Biopsies showed 
only chronic inflammatory changes. Barium enema examina- 
tion showed gas cysts in the bowel wall from the mid-trans- 
verse colon to the sigmoid colon producing some obstruction 
to the passage of barium. The patient was treated with a mild 
laxative which relieved her symptoms. She died 4 years later of 
ischaemic heart disease. 


Case 4: A 7l-year-old man was admitted in 1974 for trans- 
urethral prostatic resection. He had no alimentary symptoms 
but had severe chronic bronchitis and emphysema. A pre- 
operative chest X-ray (Fig. 2) showed a massive amount of 
free gas under the diaphragm, with downward displacement of 
the liver and interposition of loops of bowel between the liver 
and diaphragm, a radiological ‘sign’ first described over 60 
years ago (Chilaiditi, 1910), There were no clinical features to 
suggest rupture of a hollow viscus and a provisional diagnosis 
of pneumoperitoneum secondary to pneumatosis was made. 
There was no clinical indication for laparotomy. Accordingly, 
transurethral resection of the prostate was performed and the 
patient made an uncomplicated recovery. A subsequent barium 
meal examination showed a chronic duodenal ulcer and a 
normal proximal bowel (the distal small bowel was not 
visualized). Results of a barium enema examination and 
sigmoidoscopy were normal. The patient remained asympto- 
matic for | year, despite persistence of the pneumoperitoneum, 
and then defaulted from follow-up. Although gas cysts had not 
been visualized, the presence of a chronic asymptomatic 
pneumoperitoneum with Chilaiditi’s sign has been reported to 
occur only in pneumatosis (Shoesmith and Crone, 1959). 


Case 5: A 46-year-old man was admitted in 1973 following a 
road traffic accident. He was known to be a chronic alcoholic 
and to have severe chronic bronchitis. There were signs of intra- 
abdominal injury and at laparotomy a tear of the second part of 
the duodenum was found and repaired. His postoperative 
course was complicated by respiratory failure and he developed 
generalized peritonitis and a small bowel fistula. He recovered 
and was discharged from follow-up, but in 1975 he was re- 
admitted with small bowel obstruction. At laparotomy multiple 
adhesions were divided and a loop of ileum 10 cm in length 
was resected. He continued with intermittent obstructive 
episodes and subsequent abdominal X-rays showed the appear- 
ance of gas within the wall of the bowel 4 weeks after opera- 
tion. During this time he became pyrexial and developed peri- 
tonism. At laparotomy there was bowel obstruction as a result 
of adhesions. A striking feature was the presence of multiple 
gas cysts within the adhesions and under the serosal covering 
of the bowel (Fig. 3). In addition, there were three localized 
abscesses, and an adherent loop of ileum 60cm in length re- 
quired resection. The transverse colon was inadvertently 
damaged and was brought out as a colostomy. The patient 
made a good recovery from this operation and a few months 
later his colostomy was closed. At this procedure there were 
no gas cysts in the abdomen. He remains well 1 year later. 


Discussion 
Pneumatosis cystoides intestinalis may affect any part 
of the small or large bowel, may be localized or 
extensive and may occur at any time from infancy to 
old age. Unlike other collections of gas within the 
body which, when sealed off from contact with the 
atmosphere, are gradually reabsorbed into the tissue 
and venous blood, these gas cysts may remain for 
long periods of time. It has been suggested that they 
are replenished at a rate equal to, or greater than, 
that of their reabsorption (Forgacs et al., 1973). 
The origin of the gas has been debated for many 
years. The association of chest disease with pneuma- 
tosis, particularly asthma and chronic bronchitis 
Te ee aN pipet Len Weer en Seance ernie ees. 
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Fig. 1. Barium enema examination showing gas cysts in the 
wall of the sigmoid colon. 


(Doub and Shea, 1960), led to the theory that air 
enters the mediastinum from ruptured pulmonary 
alveoli and subsequently tracks into the retroperi- 
toneal tissues, mesentery and finally into the bowel 
wall (Keyting et al., 1961). A further hypothesis is that 
the cysts are due to gas introduced from the lumen of 
the bowel through a breach in the intestinal mucosa, 
in association with raised intraluminal pressure due to 
obstruction of the alimentary tract (Koss, 1952; Dhall 
et al., 1968). These two views can be reconciled if one 
considers that pulmonary alveolar rupture can be 
produced by raised intrathoracic pressure either by 
coughing or by vomiting as a result of gastro- 
intestinal obstruction (Elliott and Elliott, 1963). 
Pneumatosis has been reported as a complication of 
sigmoidoscopy and biopsy (Marshak et al., 1956), 
when it is presumably due to insufflated air passing 
into the mucosa at the site of biopsy. 

A further explanation for the appearance of intra- 
mural gas is the penetration of the bowel wall by gas- 
forming organisms in conditions in which there is 
bowel necrosis, such as mesenteric infarction (Dodds 
et al., 1976), strangulation (Schorr, 1963) and severe 
enterocolitis of infancy (Stone et al., 1970). 

The clinical importance of pneumatosis intestinalis 
is that it may be misdiagnosed or, if identified correctly, 
its significance may be misinterpreted. There are cases 
reported (Calne, 1959) similar to the first in our series, 
where unnecessary laparotomy and colonic resection 
have been performed because of a mistaken diagnosis 
of colonic polyposis. Many cases with colonic gas 
cysts present with symptoms of large bowel dys- 
function, usually diarrhoea, colicky abdominal pain, 
excessive flatulence and, occasionally, rectal bleeding. 
Resection of the affected segment of colon usually 
relieves the symptoms, but in many cases spontaneous 
relief of symptoms occurs (Shallal et al., 1974), and 
resection is no guarantee of cure (Sames, 1964). 
Indeed, the need for surgery in this form of the disease 
has always been in doubt, and most authors have 
advocated conservative management unless complica- 
tions such as bleeding, obstruction or volvulus occur 
(Shallal et al., 1974). Our second and third cases were 
successfully treated conservatively, although the 
second was saved from laparotomy virtually at the 
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Fig. 2. Chest X-ray showing massive pneumoperitoneum with 
downward displacement of the liver and interposition of 
bowel between liver and diaphragm (Chilaiditi’s sign). 
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last minute when the barium enema examination was 
recognized as showing pneumatosis, not polyposis as 
originally thought. Unnecessary surgery can also be 
performed in patients with pneumatosis presenting 
with pneumoperitoneum (Gompels, 1969). This was 
the mode of presentation in our fourth patient, but 
clinical experience was such that the correct diagnosis 
was made promptly. Recently inhalational oxygen 
therapy has been described (Forgacs et al., 1973); this 
has been shown to cause shrinkage and disappearance 
of the gas cysts and should certainly be attempted 
before surgery is considered. 
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In contrast to situations in which pneumatosis can 
lead to needless laparotomy, its appearance can be of 
serious significance in conditions in which the viability 
of the bowel is threatened. In such cases, pneumatosis 
is thought to be a manifestation of a form of gas 
gangrene of the bowel (Pedersen et al., 1976) and 
emergency laparotomy may be indicated. This was 
the situation in our fifth patient who developed 
pneumatosis in association with intestinal obstruction, 
peritonism and pyrexia. Most cases of this form of 
pneumatosis are seen in neonates with necrotizing 
enterocolitis, often associated with prolonged umbill- 
cal vein cannulation (Leonidas et al., 1976). These 
babies are treated with intravenous fluids and anti- 
biotics with urgent laparotomy if perforation of the 
bowel is shown by the presence of pneumoperitoneum 
or leak of contrast at emergency barium enema 


examination. 


The 5 cases reported illustrate the variety of 
presentations of pneumatosis cystoides intestinalis. 
Good results can be achieved in most cases by con- 
servative means, but in a few surgical treatment is 
necessary. Only clinical awareness of this uncommon 
and interesting disorder can allow a rational approach 
to management. 
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Villous adenoma causing acute appendicitis 


JOHN F. MUNK* 


SUMMARY 

Acute appendicitis is the most common of surgical 
emergencies. However, it is very unusual to find a 
benign neoplastic lesion causing appendicitis. Adenomas 
of the caecum or the appendix are rare and very few 
cases of these associated with appendicular inflammation 
have been described. This report presents a case of acute 
appendicitis with perforation resulting from obstruction 
by an adenoma. The management of the condition is 
discussed. 


THE incidence of villous adenoma of the large bowel 
is about 12 per cent of all colonic adenomas and 
about 84 per cent occur in the sigmoid and rectum. 
In a series of 216 cases of villous adenoma only 4-2 
per cent had lesions in the caecum (Grinnel and Lane, 
1958). Of 146 adenomas of the colon reviewed by 
Goldfarb (1964), only 6 were located in the caecum 
and appendix and another solely in the appendix. In 
the Ochsner Clinic series of 217 cases, only 2 occurred 
in the caecum (Hanley et al., 1971). Similar findings 
have been reported in other series (Liechty and Soper, 
1968; Nicoloff et al., 1968; Welch and Welch, 1976). 

Primary malignant tumours of the vermiform 
appendix are rare and approximately 85 per cent 
of these are carcinoids and 11 per cent are adeno- 
carcinomas (Morson and Dawson, 1974). Villous 
adenomas of the appendix are even more rare, with 
only 42 cases described up until 1976 (Hameed, 1966: 
Vander and Mandell, 1968; Jablokow and Dieter, 
1970; Ho and Rosenman, 1975; Wolff and Ahmed, 
1976). Thus, it is clear that the incidence of adenoma 
A the caecum and especially of the appendix is very 
ow. 

The mode of presentation and clinical features 
resulting from the presence of a villous adenoma 
vary, depending on the site and size of the tumour. 
Tumours in the sigmoid and rectum usually present 
with bleeding and/or diarrhoea which is occasionally 
so profuse that the loss of mucus results in fluid and 
electrolyte disturbances. Tumours of the proximal 
colon are more silent; anaemia, melaena, vague 
abdominal pains, intussusception and an alteration in 
bowel habit have been described. However, there have 
been occasional reports of these tumours causing 
obstruction of the appendix with acute appendicitis. 
This paper describes a patient with a villous adenoma 
of the caecum and appendix presenting with acute 
appendicitis with perforation. 


Case report 
A 66-year-old obese woman presented with central abdominal 
pain commencing 30 hours before admission and shifting to 
the right iliac fossa 10 hours later. This was associated with 
anorexia, malaise and vomiting. Her general health was good 
but she had noticed an increased frequency of bowel actions, 
with two loose stools per day over the preceding 3 months but 
with no associated bleeding, melaena or mucus. She had not 
experienced previous abdominal pain or weight loss. Over the 
past 15 years she had been taking prednisolone for rheumatoid 
arthritis and also ferrous sulphate for 10 years. 

On presentation she was febrile (38-2 °C), the pulse rate was 
84/min and she appeared: unwell. Her-conjunctivae were pale 
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and abdominal foetor was evident. There was guarding and 
tenderness in the right iliac fossa. Haemoglobin was 11-1 g/d! 
and the white cell count was within normal limits, although the 
blood film showed a shift to the left. Serum urea and electro- 
lytes were normal. 

A McBurney incision was made over the palpable mass in 
the right iliac fossa under anaesthetic. Gross contamination of 
the peritoneal cavity was not present. The base of an acutely 
inflamed, perforated appendix was thickened and, on caeco- 
stomy, a polypoid villous tumour was seen. The caecostomy 
and McBurney incision were closed and a paramedian incision 
performed. Laparotomy demonstrated no evidence of meta- 
stases and a right hemicolectomy was carried out. The patient 
made an uncomplicated recovery. 

The specimen consisted of a 12-cm length of terminal ileum 
and a 22-cm length of caecum and colon. A polypoid reddish- 
brown tumour, 4cm in diameter, was seen on the mucosal 
aspect of the caecum, whilst an ovoid mass, 2-5x2-0™ 
2-0 cm was present on the serosal surface in the region of the 
appendix, which on opening revealed a swollen appendix filled 
with tumour (Fig. 1). Microscopically the tumour was a villous 
adenoma, which was present not only in the caecum but also 
throughout the lumen of the appendix. Acute inflammation 
was presént and the site of perforation was identified. There 
was no evidence of malignancy and the muscularis mucosa was 
intact. However, dysplasia was evident by a decreased 
tendency to form palisades of epithelial cells and a darker 
staining of the nuclei (Figs. 2, 3). 


Discussion 

In a review of the literature describing these lesions 
of the appendix, Hameed (1966) found that the 
average age at presentation was 45 years with a range 
of 17-80 years. No sex predominance was evident 
and appendicular symptoms and acute appendicitis 
were present in 54:3 per cent of cases. The incidence 
of perforation was not analysed. Although diffuse 
involvement of the appendix was not common, 
in situ carcinoma was present in over 75 per cent of 
cases. 

This case of acute appendicitis demonstrates two 
unusual features; an alteration in bowel habit over the 
preceding 3 months and also an iron-deficiency 
anaemia. These features, together with a mass in the 
right iliac fossa, suggested the presence of other 
pathological conditions. Carcinoma of the caecum 
obstructing the lumen of the appendix with subsequent 
appendicitis is not rare, especially in patients over the 
age of 40 (Wilson, 1964). The presence of a thickened 
appendicular base associated with a mass in the 
caecum is very suggestive of a concomitant caecal 
carcinoma. Caecostomy to inspect the lesion is 
advocated, as the mass may be inflammatory or faecal 
and a more extensive surgical procedure can be avoided 
in these circumstances. 

A polypoid lesion in the caecum is more likely to be 
malignant ‘than benign and even biopsy and frozen 
section may be misleading. Even if the tumour has no 
palpable induration, carcinoma may still be present. 
If access through a McBurney’s incision is limited then 
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Fig. 1. Inflamed appendix covered with exudate and opened 
caecum showing the ileocaecal valve. Villous adenoma 
arising from the base of the appendix. 





Fig. 2. Photomicrograph of a cross-section of the appendix, 
showing acute inflammation and tumour filling the lumen of 
the appendix. 








Fig. 3. High power photomicrograph of the villous 
adenoma of the appendix showing frond-like structure 
and an intact basement membrane. Dysplasia is present. 


a paramedian approach is advised so that a thorough 
search for metastases can be undertaken. Right 
hemicolectomy is the procedure of choice because of 
the risk of malignancy, the high incidence of malignant 
potential, the frequent recurrence after local excision 
and the possibility of caecal origin or extension 
(Goldfarb, 1964). 

The villous adenoma in this patient involved not 
only the caecum and base of the appendix but also 
extended to the tip of the appendix. It is difficult, even 
with serial sections, to decide confidently whether this 
was a primary tumour of the caecum or of the 
appendix. However, it seems improbable that a caecal 
tumour could extend as far distally as the tip of the 
appendix without causing symptoms at an earlier 
stage. Thus, this was most likely a villous adenoma 
arising from the appendix primarily and spreading 
to involve the caecal mucosa. 

Villous adenomas show a varying degree of cellular 
differentiation. The tumour described in this patient 
showed atypical features. However, no break in the 
basement membrane with stromal invasion could be 
identified, the muscularis mucosa was intact and nodal 
involvement was not present. Unlike the colon, 
however, the muscularis mucosa of the appendix is 
poorly developed, but, as no invasion was present and 
the cellular morphology appeared benign, this tumour 
must be regarded as benign. Villous adenomas are 
precancerous and foci of malignancy are frequent 





(Fisher and Castro, 1953). Gabriel (1952) reported 
that nearly 10 per cent of rectal tumours arose in 
villous adenomas. Concomitant separate carcinoma 
has also been reported by Grinnel and Lane (1958) 
in about 10 per cent of their large series. In a review 
of 42 patients with cystadenomas, papillary adenomas 
and adenomatous polyps of the appendix, Wolff and 
Ahmed (1976) noted that 21-4 per cent had associ- 
ated carcinoma of the colon. However, villous ade- 
nomas may remain benign for years (Baum, 1966), 
but the risk of malignancy is high, ranging from 6-2 
to 75 per cent (Goligher, 1975). Excess mucus produc- 
tion was not evident and a mucocele was not present. 
Mucinous cystadenomas of the appendix have been 
described and it is thought that these tumours are 
villous adenomas, the morphological characteristics 
of which are changed by the confines of the appendix 
(Gibbs, 1973). The wide range in the incidence of 
malignancy is due to the varied criteria used to 
recognize malignant change; some authors consider 
malignant what others would interpret as marked 
dysplasia, while others only use the presence of frank 
invasion through the muscularis mucosa as evidence of 
malignancy. 

Many appendicectomies are performed in a general 
surgical practice and in patients over the age of 40 
years it is not rare to discover a mass in the caecum. If 
a tumour is seen in the appendix and is confined to the 
appendix, then appendicectomy is adequate treatment 
provided that the base of the appendix is not involved. 
If subsequent histology demonstrates a villous ade- 
noma at the line of excision then right hemicolectomy 
should be performed. Similar treatment is indicated 
if malignancy is present (Hameed, 1966). If a mass is 
palpable in the caecum, however, direct inspection 
through a caecostomy is advised. If a villous tumour is 


_.. evident then a thorough search for metastases and a 
= tight hemicolectomy through an adequate incision are 


the management of choice. 


Acknowledgements 

I would like to thank Mr M. Slapak for permission to publish 
details of this patient admitted under his care. Also I would like 
to thank Mr R. T. Campbell and Mr M. Slapack for their 


Adenoma of appendix 595 
helpful advice in the preparation of this paper, and to thank 
Dr M. L J. Andrews for reviewing the histology. 


References 

BAUM A. E. and ARCOMANGO J. P. (1966) Villous adenoma of the 
colon. Report of an unusual case in the caecum. Am. J. 
Gastroenterol, 46, 51-57, 

FISHER E. R. and CASTRO A. F. (1953) Diffuse papillomatous 
polyps (villous tumours) of the colon and rectum. Am. J. 
Surg. 85, 146-151. 

GABRIEL W. B. (1952) The surgical management of large villous 
tumours of the rectum. Proc. R. Soc. Med. 45, 696. 

GIBBS N. M. (1973) Mucinous cystadenoma and cystadeno- 
carcinoma of the vermiform appendix with particular 
reference to mucocele and pseudomyxomaperitonei, J. 
Clin. Pathol. 26, 413-421. 

GOLDFARB W, (1964) Villous adenomas of the right colon. 
Cancer 17, 264-271. 

GOLIGHER J. C. (1975) Surgery af the Anus, Rectum and Colon, 
3rd ed. London, Baiiliére Tindall, p. 437. 

GRINNEL R. S. and LANE N. (1958) Benign and malignant 
adenomatous polyps and papillary adenomas of the colon 
and rectum. Int. Abstr. Surg, 106, 519. 

HAMEED K. (1966) Villous adenoma of the vermiform appendix. 
A review. Arch. Pathol. 81, 465-468. 

HANLEY P. H., HINES M. O. and RAY J. E. (1971) Villous tumours. 
Experience with 217 patients. Am. Surg. 37, 190-197. 

HO L. and ROSENMAN L. D. (1975) Complete invagination of the 
vermiform appendix with villous adenoma intussuscepting 
to the splenic flexure of the colon. Surgery 77, 505-506. 

JABLOKOW V. R. and DIETER R. (1970) Papillary (villous) 
adenoma of the vermiform appendix. Am. J. Gastroenterol. 
53, 72-78. . 

LIECHTY R. D, and SOPER R, T. (1968) Synopsis of Surgery. St 
Louis, Masby. 

MORSON C. B. and DAWSON IL M. P. (1974) Gastrointestinal 
Pathology. Oxford, Blackwell Scientific. 

NICOLOFF D. M., ELLIS C. M. and HUMPHREY E. w. (1968) 
Management of villous adenomas of the colon and rectum. 
Arch. Surg. 97, 254-260. . 

VANDER S. A. and MANDELL G. H. (1968) Villous adenoma of the 
appendix. Arch. Surg. 97, 562-564. 

WELCH J. P. and WELCH C. E. (1976) Villous adenomas of the 
colorectum. Am. J. Surg. 131, 185-191. 

WILSON E. (1964) Carcinoma of the colon associated with 
appendicitis. Dis. Colon Rectum 7, 348-350. 

WOLFF M. and AHMED N. (1976) Epithelial neoplasms of the 
vermiform appendix (exclusive of carcinoid). Cancer 37, 
2511-2522. 








Br. J. Surg. Vol. 64 (1977) 596-599 


Function of the anal sphincters following 


colo-anal anastomosis 
R. H. S. LANE AND A. G. PARKS* 


SUMMARY 

Developments in sphincter-saving operations for 
carcinoma of the rectum have led to renewed interest 
in the function of the pelvic floor muscles and the anal 
sphincters. Twelve patients with a colo-anal anastomosis 
have been investigated physiologically with reference 
to sphincter function. It has been shown that the rectum 
is not essential for the appreciation of impending 
evacuation, nor for the sphincter inhibitory reflexes, 
which in this study were elicited by balloon distension 
above the anastomosis. 


THE purpose of this paper is to report the findings of 
physiological studies in patients who had had colo- 
anal anastomoses and to assess the significance of 
these studies in the light of present knowledge 
concerning the physiology of the pelvic floor. Parti- 
cular attention has been paid to two aspects of the 
situation: firstly, the effect of distension of the colon 
above the anastomosis on the activity of the internal 
and external sphincters; secondly, the sensation 
experienced on distension of the colon and its 
similarity to normal rectal sensation. 

Gowers (1877) noticed transient relaxation of the 
internal sphincter following rectal distension in man 
and this was confirmed by Denny-Brown and 
Robertson (1935). This normal inhibitory response 
has also been seen in paticnts with cauda equina 
lesions or lesions of the sacral roots and after tran- 
section of the spinal cord (Gowers, 1877; Denny- 
Brown and Robertson, 1935; Gaston, 1948a; 
Schuster et al., 1963) but not in patients with 
Hirschsprung’s disease (Callaghan and Nixon, 1964). 

Floyd and Walls (1953), using surface electrodes, 
demonstrated continual tonic activity in the external 
sphincter of man, even during conditions of complete 
relaxation, such as sleep. Taverner and Smiddy (1959) 
and Parks et al. (1962) confirmed these findings using 
needle electrodes and found this tone to be fluctuating 
constantly to balance postural changes. Parks et al. 
(1962) also demonstrated that rectal distension with 
increasing volumes of air eventually inhibited the 
tonic activity of the voluntary sphincter, after an 
initial excitatory phase, and postulated that the 
receptors responsible were situated in the rectal wall. 

The sensation of fullness in the perineum associated 
with a feeling of impending evacuation was suggested 
by Hertz (1911) to be due to rectal distension and he 
suggested that the receptors were situated in the 
rectal wall. Goligher and Hughes (1951), in assessing 
the sensibility of the rectum and colon by balloon 
experiments, were able to show that distension of the 
bowel up to approximately 15 cm from the anal orifice 
produced a sensation of fullness in the rectum, but 
that distension above this level produced a feeling of 
‘wind’ or intestinal colic. These authors stressed the 
importance of preserving at least 6-8 cm of anorectal 
stump during sphincter-saving excisions if ‘sensory 
incontinence’ was to be avoided. However, they also 
showed that a rectal type of sensation might develop 


to a small degree when the colon was drawn down 
into the pelvis and anastomosed to a very short anal 
stump, and that this was probably due to pressure of 
the distending colon on adjoining pelvic structures. 
The work of Winckler (1958), who demonstrated the 
presence of stretch receptors in the levator ani of 
man, and of Walls (1959), who reported their presence 
in the external sphincter, provides a possible 
mechanism whereby sensation is mediated. Further 
evidence to support the view that the rectum is not 
the site of sensory stimuli was reported by Duthie and 
Gairns (1960), who examined many sections of the 
lower rectum histologically and found only one 
organized nerve ending. This was in contrast to the 
epithelium of the upper anal canal where free and 
organized nerve endings were identified in great 
profusion. Clinical testing revealed that whereas the 
anal canal epithelium was exquisitely sensitive to 
pain, light touch, heat and cold, none of these stimuli 
was appreciated when applied to the rectal mucosa. 
These authors suggested that the highly sensitive anal 
mucosa fulfilled a discriminatory function. Stephens 
and Smith (1971) observed that children, who had 
had supralevator and intermediate rectal deformities 
operated upon by drawing the upper rectum or colon 
through the puborectalis sling and anastomosing it to 
perineal skin, were capable of accurately interpreting 
the nature of the rectal contents. As neither the true 
anal canal nor the external sphincter was present in 
these children, it was concluded that the puborectalis 
sling must subserve this discriminatory function. 


Patients and methods 

Twelve patients were included in this study, 9 male and 3 
female, whose ages ranged from 36 to 67 years and who had 
undergone a colo-anal anastomosis following excision of a 
rectal carcinoma. The anastomoses were fashioned employing 
a peranal technique (Parks, 1972) by joining the sigmoid, 
descending, transverse or, in one patient, ascending colon to 
the upper anal canal and were situated between 3 and S cm 
from the anal verge. 

The investigation was performed with the patient lying in 
the left lateral position. No bowel preparation was employed. 
A soft rubber balloon (5 x 2:5 cm) attached to a stiff polythene 
cannula was inserted through a sigmoidoscope so that the 
lower edge was 10cm from the anal verge. It was held in 
position by strapping to the buttocks and the distance was 
checked at the end of the investigation. An anal pressure 
probe was placed 1-S5cm from the anal verge (Fig. 1). It 
consisted of a perfused open-ended ureteric catheter (1-3 mm 
in diameter) attached to a pressure transducer (SEM4-88) 
which was connected to an amplifier system (SE 4001) and the 
signal displayed on a UV recorder (SE 2005). Anal pressure 
was measured after adding 50-ml increments of air to the 
rectal balloon. The influence of balloon distension, with 50-mi 
increments of air, upon activity of the skeletal muscle sphincter 
was assessed electromyographically by inserting one fine 
concentric needle electrode through the perianal skin posterior 
to the anal canal into the puborectalis muscle and another into 
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the subcutaneous part of the external sphincter (Fig. 2). 
Changes in the potential activity were displayed directly on an 
ink-jet recorder (Mingograf 34). Sensation was assessed by 
distending the balloon until the urge to defaecate was felt. 


Results 


Internal sphincter activity 

In this study reflex inhibition was judged to have taken 
place if an immediate fall in anal canal pressure was 
observed in response to balloon distension with 50 ml 
of air (Fig. 3). Seven patients were investigated within 
6 months of the operation and inhibition was observed 
in 3, and 9 patients were investigated between 1 and 
3 years postoperatively when inhibition was observed 
in 7, Four patients were investigated on both 
occasions (Table I); 2 patients who did not reveal 
inhibition within 6 months of the operation did so 
when investigated after a further 6-month interval 
(Table I). Altogether 9 out of 12 patients finally 
showed the characteristic inhibitory response. 


External sphincter activity 

Excitation was always seen after the initial 50-ml 
increment of air which was then followed by partial 
inhibition. After each succeeding increment the 
excitation was less obvious and the inhibition more 
complete until total inhibition occurred at a mean 
volume of 250 ml. Marked excitation was also seen 
on deflating the balloon (Fig. 4). In this study 11 
patients were investigated; 5 within 6 months of the 
operation when external sphincter inhibition was 
observed in 2, and 9 between 1 and 3 years post- 
operatively when external sphincter inhibition was 
observed in 7; 3 patients were investigated on both 
occasions (Table I). The 5 patients who did not 
exhibit inhibition could not tolerate volumes in 
excess of 50 mi and this part of the investigation had 
to be abandoned (Table I). 


Sensation 

All patients in our study appreciated a normal 
feeling of perineal fullness coupled with a sense of 
impending evacuation when the balloon was placed 
10 cm from the anal verge and distended with volumes 
of air ranging from 20 to 25 ml, except for one 
patient in whom the sensation was not appreciated 
until the balloon was distended with 70 ml. Norma! 
individuals experience sensation after distension with 
about 20 mi of air. Four patients were investigated 
within 6 months of the operation and on a further 
occasion more than 1 year afterwards. There was no 
difference in the volume required fo produce the 
same sensation. In 8 patients the balloon was 
advanced through a sigmoidoscope so that the 
lower edge was 15cm from the anal verge. In 7 
patients inflation at this level with volumes ranging 
from 15 to 50 mi (mean 35 ml) produced a sensation 
in the lower abdomen described as ‘wind’ or ‘pain’. 
One patient had both the sensation of abdominal 
pain and a feeling of perineal fullness. 


Discussion 

Internal sphincter activity 

Internal sphincter inhibition has not previously been 
observed when colon anastomosed to the upper anal 
canal has been the site of balloon distension (Gaston, 
1948b; Schuster et al., 1963; Goligher et al., 1965). 
Particular care was taken to ensure that the balloon 
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Fig. 1. Position of the anal pressure probe and distending 
balloon. Note the cradling effect of the levator ani. 


EMG. 
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Fig. 2. The EMG electrodes inserted posteriorly through the 
perianal skin into the puborectalis and subcutaneous part of 
the external sphincter. Note again the cradling effect of the 
levator ani. 


Table I: SUMMARY OF MANOMETRIC AND 
ELECTROMYOGRAPHIC FINDINGS 


Internal sphincter External sphincter 


Case inhibition inhibition 
No. <6 mth ]~3 yr <6 mth 1~3 yr 
1 + “+ N -$ 
2 N + N + 
3 -+- N N N 
4 4 N A N 
5 — -t A -+ 
6 N = N -+ 
7 N — N A 
8 = N + N 
9 N -4 N -+ 
10 N -+ N A 
it — ~ A a 
12 ~- -+ + + 





+, Present; —, absent; N, not examined; A, abandoned. 
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Fig. 3. The effect of balloon distension above the anastomosis on internal sphincter activity. Each 50-ml increment of 
air results in a fall in anal canal pressure (AP) which returns to its resting level after the air is released (AO). 





Fig. 4. The effect of balloon distension above the 
anastomosis on external sphincter activity. Three parts of a 
typical tracing are illustrated: the addition of 50 mi of 

air (top), 150 mi (middle) and 250 mi followed by all the 
air being released (bottom). The activity gradually 
diminishes until total inhibition occurs after 250 ml. 

Note the increase in activity after each increment and when 
the air is released. PR, Puborectalis; SCS, subcutaneous 
part of the external sphincter. 


did not descend, once placed at the appropriate 
level, and thus directly influence the anal mechanism. 
There was no apparent relationship between the 
occurrence of inhibition and the level of anastomosis: 
indeed, one patient had a normal reflex after the 
ascending colon had been anastomosed to the anal 
canal. The fact that in 2 patients inhibition was 
observed 1 year after operation but not within 
6 months is perhaps not quite so significant as first 
appears. Both these patients had low anal canal 
pressures when investigated at the earlier stage and 
any fall in pressure, if it occurred, would have been 
difficult to detect. 

In the past it was believed that the receptors 
responsible for internal sphincter inhibition were 
situated in the rectal wall. In Hirschsprung’s disease 
the intrinsic neural plexus of the rectum is abnormal 
and patients with this condition do not exhibit 
internal sphincter inhibition; hence the receptors 
cannot be in extrarectal tissue. If this is true, then the 
fact that internal sphincter inhibition can occur after 
removal of the rectum indicates that receptors must 
also be present elsewhere in the colon. In patients 


who have had a colo-anal anastomosis it is possible 
that the intrinsic neural plexus of the colon is capable 
of influencing internal sphincter tone either via some 
extrinsic reflex pathway or directly across the anasto- 
mosis. Since in most of our cases the anastomosis was 
between the splenic flexure and the anal canal an 
extrinsic reflex route is most unlikely. It will be noted 
that inhibition did not occur in 2 patients; failure of 
neural reconnection is a possibility in these cases. 


External sphincter activity 

The electromyographic examination was difficult, as 
distension of the colon with sufficient volumes of air 
to produce inhibition tended to be a painful pro- 
cedure, in contrast to patients with a normal rectum. 
The sequence of events that we observed was similar 
to that reported by Parks et al. (1962) from normal 
patients. In the patients reported here the whole 
rectum had been excised and there was no possibility 
of any rectal wall receptors remaining. As it is thus 
no longer possible to postulate the existence of 
receptors subserving this reflex in the rectal wall 
itself it is necessary to suggest a site outside the 
rectum, probably in the levator ani muscles. These 
form a cradle around the lower part of the rectum 
(Figs. 1, 2) and are affected by any change of pressure 
or volume within it. 


Sensation 

The problem in assessing any sensation which is 
essentially a personal experience on the part of the 
patient is notoriously difficult. Nevertheless, it is 
remarkable that, except for one patient, the volume 
required to produce a sense of fullness in the peri- 
neum and of impending evacuation was so constant. 
Balloon distension at 15cm from the anal verge 
producing only an abdominal type of sensation in 7 
out of 8 patients, confirms the findings of Goligher 
and Hughes (1951). One patient had a temporary 
defunctioning left iliac colostomy and when a balloon 
was distended in the distal limb a sensation of acute 
abdominal pain was experienced which was quite 
different from that experienced with distension 10 cm 
above the anal verge. These results suggest that the 
receptors responsible for the appreciation of perineal 
fullness and impending evacuation must lie outside 
the bowel. It is probable that the receptors previously 
reported in the pelvic floor muscles play a major 
part in the sensory pathway. The patient with a high 
sensory threshold had developed a peri-anastomotic 
abscess postoperatively which had resolved to leave a 
rigid fibrous collar several centimetres long. This may 


have had the effect of protecting the sensory 
mechanism in the levator cradle from any increase in 
colonic pressure at this level. 

Inflammation in the pelvis due to anastomotic 
leaks will inevitably diminish the contact between 
the new ‘rectum’ and the levator muscles; it will also 
prevent the new rectum from expanding and forming 
a reservoir. The need to avoid pelvic sepsis after such 
operations is seen to be of paramount importance if 
good functional results are to be obtained. This 
involves two factors: firstly, the anastomosis must be 
performed with the utmost care, particular attention 
being paid to the blood supply of the terminal part 
of the colon; secondly, absolute haemostasis in the 
pelvis must be secured to avoid the formation of 
haematomas which may subsequently become infected. 


Functional assessment 
The frequency of bowel actions increased (4-8 per 
day) in all patients and was often accompanied by 
excessive flatus in the immediate postoperative period. 
As the colon above the anastomosis gradually 
assumed the function of a new ‘rectum’, the fre- 
quency of defaecation diminished, and 6 months post- 
operatively had decreased to 2-3 actions per day. 
After 1 year 7 patients had normal daily actions. 
Within 3 months of leaving hospital, 7 patients 
were fully continent, 1 had overflow incontinence and 
4, including the patient who had a peri-anastomotic 
abscess, had urgency and soiling, especially if faeces 
were loose. Three of these latter patients became fully 
continent within the following 6-9 months whilst the 
fourth accepted occasional soiling as being preferable 
to a permanent colostomy. The patient with overflow 
incontinence presented an interesting problem. At 
operation the colon was found to have a tenuous 
blood supply and after repeated attempts to mobilize 


an adequate length of colon it was found necessary to 


divide the bowel at the hepatic flexure and bring the 
ascending colon down to anastomose with the anal 
canal. Following operation, the caecum was subject 
to recurrent episodes of overloading with subsequent 
leakage. The patient found it impossible to use gly- 
cerin suppositories or disposable enemas and pleaded 
for a permanent ileostomy, which was finally per- 
formed, though not until every effort had been made 
to persuade him to experiment with conservative 
management. He was the only patient in the study 
who did not regard the outcome of the operation as 
satisfactory and who preferred a permanent stoma. 


Conclusions 

These patients presented a unique physiological situa- 
tion in which the rectum had been totally removed 
and the colon anastomosed to the upper anal canal. 
It was therefore possible to investigate the activity 
of the sphincters, now devoid of their normal con- 
tinuity with the rectum but connected by anastomosis 
with the colon, normally situated a considerable 
distance away. Remarkable as it may seem, the re- 
sponses in both sphincter groups to distension of the 
colon in the pelvis were essentially the same as in 
the normal person. The most likely explanation for 
the restoration of the internal sphincter reflex is the 
regeneration of the intramural network of nerves 
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across the anastomosis. In the case of the external 
sphincter reflexes it is likely that these are initiated 
by receptors outside the gut altogether; they probably 
lie in the levator muscles which partially encircle the 
viscus. The explanation for the presence of normal 
‘rectal’ sensation is almost certainly on a similar basis. 

These findings are of practical importance in that 
they show that all the normal physiological mechan- 
isms are present even though the rectum has been 
completely removed. It is, therefore, not necessary 
from the purely functional point of view to do an 
abdominoperineal excision of the rectum for patients 
with tumours in the mid-rectum. If good functional 
results are to be obtained, however, then it is essential 
that the anatomical relationship between the pelvic 
structures be as perfect as possible and, in particular, 
not distorted by prolonged sepsis. 
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The use of a silicone gel prosthesis in the treatment 
of post-prostatectomy incontinence 


S. DAS AND J. J. KAUFMAN#* 


SUMMARY 

Eighty-three patients with post-prostatectomy urinary 
incontinence were treated by silicone gel prostheses 
implanted over the bulbous urethra. The prosthesis 
provides continence by passively increasing the urethral 
resistance. Successful results were achieved in 72 per 
cent of patients. The mechanism of post-prostatectomy 
incontinence and the development of anti-incontinence 
surgery is briefly reviewed. 


MOopDERN urology has almost completely triumphed 
over the problems of sepsis and haemorrhage which 
marred the benefits of prostatectomy in its earlier 
days. Urinary incontinence after prostatectomy, 
however, continues to be a distressing problem in a 
few patients. 

Normal urinary continence in males involves three 
distinct component mechanisms: the bladder neck, 
intrinsic smooth musculature of the proximal urethra 
and the striated external sphincter. Kuss and Mathieu 
(1955) and Tanagho and Miller (1973) have shown 
that the integrity of the smooth muscle component of 
the urethra between the apex of the prostate and the 
urogenital diaphragm is the most significant factor in 
maintaining continence after prostatectomy. The 
voluntary external sphincter can control leakage 
volitionally, but it is generally incapable of preventing 
involuntary or reflex dripping. 

Young (1919) was the first to achieve successful 
surgical correction of incontinence by narrowing the 
bladder neck and urethra with plicating sutures. Since 
then various surgical procedures have been reported: 
for example, the use of gracilis muscle (Deming, 1926) 
or rectus fascial sling (Uhle and Bradley, 1958) to act 
as substitute sphincters; wedge excision of the bladder 
neck and reconstruction of a longer functional 
urethra (Leadbetter, 1964); constant electrical stimu- 
lation of the pelvic floor by radio-implants (Alexander 





Fig. 1. 


Kaufman’s anti-incontinence prosthesis. 


and Rowan, 1968); and reconstruction of the bladder 
outlet and proximal urethra by various bladder flaps 
(Tanagho and Smith, 1972; Flocks and Boldus, 1973). 
All these methods have subsequently shown limi- 
tations in indications, techniques and end results. 

With the advance of modern technology and the 
availability of synthetics that are more acceptable 
to the tissues, recent interest has centred around two 
relatively new and distinct procedures. 

1. The artificial sphincteric device of Scott et al. 
(1974), which is placed around the bladder neck and 
works on a fluid transfer mechanism regulated by 
small pumps implanted in the scrotum. 

2. The silicone gel prosthesis of Kaufman (1973) 
which is implanted over the bulbous urethra in the 
perineum and aims to achieve continence by providing 
a passive urethral resistance. 

The concept of restoring continence by providing 
passive resistance to the bulbous urethra was intro- 
duced by Berry (1961), who implanted an acrylic 
block over the bulb of the urethra fixing it to the 
pubic rami on either side with wire. The initial 
promise of this operation was marred by compli- 
cations such as urethral erosion, sepsis, migration of 
the prosthesis and the unreliability of the end results. 
Hinman et al. (1970) modified the Berry operation by 
using rib grafts fixed to the pubic rami with screws. 
The convexity of the rib would abut against the bulb, 
thereby causing passive compression as well as 
elevation of the urogenital diaphragm. 

Though these operations failed to establish them- 
selves, the principle that they embodied, i.e. utilizing 
passive urethral resistance in the restoration of 
continence, stimulated considerable interest. Kaufman 
(1970) at first tried to avoid using foreign materials 
by crossing the crura of the penis over the midline to 
compress the bulbous urethra. The operation was 
subsequently modified (Kaufman, 1971) by approxi- 
mating the crura in the midline instead of crossing them 
over. It was because of failure to achieve an adequate 
success rate with crural compression that Kaufman 
resorted to the use of an implantable silicone gel 
prosthesis which is inert and has the correct consis- 
tency required to compress the urethra over a large 
area. The original prosthesis has undergone several 
modifications. The latest model (Fig. 1) is designed 
as an ovoid pillow of silicone gel covered externally 
by polyurethane velour, except at the midline 
superiorly where it has an unveloured bar of about 
lcm width which provides compression over the 
bulbous urethra. This unveloured bar is submerged 
but expandable, so that if necessary it can be injected 
with saline postoperatively to cause selective expan- 
sion and increased compression of the urethra. The 
prosthesis has three Dacron straps on either side for 
fixing it around the crura. In cases where the crura are 
atrophied or scarred from previous surgery, bone 
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staples may be driven into the pubic rami to fix the 
straps. Lately, in all cases, the posterior strap is fixed 
with bone staples driven through the ischial ramus 
more towards its pelvic surface. This allows the 
prosthesis to exert a more uniform compression, 
otherwise the posterior part has a tendency to float 
away from the urethra. 

The prosthesis is available in three sizes, though in 
general we have used the largest. 


Patients and methods 

During the past 4 years nearly 200 patients received an anti- 
incontinence prosthesis implant at our institution. A pre- 
liminary report on the first 47 patients was published in 1973 
(Kaufman, 1973). The present report is based upon the 
complete review of 83 patients with post-prostatectomy 
incontinence operated upon and followed up by the senior 
author (J. J. K.) for a minimum of 6 months to a maximum of 
48 months. Forty-five patients had incontinence after trans- 
urethral resection, 12 had undergone open simple prosta- 
tectomy and 26 patients radical prostatectomy for carcinoma. 

Preoperative evaluation includes: 

1. History and examination-—with special reference to the 
primary disease and surgery, with or without radiotherapy, 
and details of any previous anti-incontinence operation. 

2. Intravenous urography. 

3. Urethrocystography. 

4, Cysto-urethroscopy. 

5, Cystometrogram. 

6. Urethral pressure profiles to determine (a} functional 
length of the urethra; (6) level of maximal pressure; (c) maxi- 
mal intravesical pressure on coughing and straining; (d) pres- 
sure generated on active continence; (e) pressure generated on 
passive perineal compression. 

_ All patients are given perioperative systemic broad spectrum 
antibiotics. 

Urethral pressure profiles are obtained immediately before 
and after the operation while the patient is still under anaes- 
thesia. A urethral closing pressure of 75-110 cmH,O over a 
2-4 cm functional length has usually predicted a satisfactory 
postoperative continence. In the instances where the pressure 
tracings after the operation read below 70 cmH,O saline injec- 
tion of the prosthesis had to be performed to achieve an 
effective closing pressure. 

The urethral Foley’s catheter placed at the end of the 
operation is usually removed after 48 h. 


Results 

Of the total of 83 patients, a successful result at 
follow-up was observed in 60 patients (72 per cent). 
These were completely continent or had only minimal 
stress incontinence. The success rate was much higher 
(87 per cent) soon after operation. During the ensuing 
2-6 months about 41 patients developed progressive 
leakage despite the initial improvement. Eleven 
patients were grouped as initial failures from the 
outset. However, 26 patients from the poor result 
group regained continence following saline injection 
of their prosthesis, which on occasion had to be 
repeated several times. Twenty-six patients failed to 
benefit from the prosthesis despite repeated injections. 

The results of operation were distinctly worse in 
patients who had already undergone previous incon- 
tinence surgery. Patients with chronic cough or 
obstructive pulmonary disease often continued to 
have stress incontinence. 

Satisfactory urethral compression was difficult to 
achieve in patients with urethral stricture on account 
of the fibrosis causing loss of compliance of the 
urethral walls. 

Minor complications included pain and transient 
urinary retention, requiring catheter drainage for 
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longer than usual. Wound infection developed in 
5 patients; in 2 of these it subsided with antibiotics 
and local drainage, but in the other 3 the prosthesis 
had to be removed. Two patients developed pseudo- 
monas osteomyelitis of the pubis. Both these 
patients had previously received a long course of 
radiotherapy for prostatic carcinoma and bone staples 
were required to fix the prosthesis in the scarred 
perineum. Fortunately, both these patients responded 
favourably to long-continued parenteral antibiotic 
therapy. Radiation injury to the perineum greatly 
increases the potential of urethral erosion and infec- 
tion. Careful consideration should be exercised before 
offering such patients the prosthesis and the use of 
bone staples should be avoided in such cases. | 

Urethral erosion has been uncommon since the 
use of the unveloured dome, only the 2 patients 
mentioned above having had erosion of their urethra, 
whereas 6 patients with the earlier model of veloured 
dome prosthesis developed urethral erosion. 

The mechanism of increasing the urethral resis- 
tance by hemispherical compression of the urethra 
at the site of the dome of the prosthesis has been 
explained by Raz and Kaufman (1976). 


Silicone gel prosthesis 


Conclusion 

To have obtained a satisfactory outcome in 72 per 
cent of these patients is a significant testimony to the 
method. With further refinements in technique and 
proper selection of patients it is hoped that the 
success rate can be further improved. Though other 
methods of treatment will no doubt continue to have 
their advocates and some success, our prosthesis has 
the merit of simplicity, cheapness and effectiveness 
in the majority of cases. 
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Abdominal wound closure: a trial of nylon, polyglycolic 


acid and steel sutures 


D.J. LEAPER, A. V. POLLOCK AND MARY EVANS# 


SUMMARY 

Failures after abdominal wound closure (early de- 
hiscences and late incisional hernias) are due to break- 
age of sutures, slippage of knots or tearing out of sutures 
from the tissues. The suture-holding capacity of the 
entire thickness of muscle and aponeurosis is nearly 
twice that of the anterior rectus sheath, and deep bites 
(1:0 cm from the cut edges) are nearly twice as secure 
as bites of 0-5 em. 

In a random controlled clinical trial of 357 major 
laparotomies, closure with either layered monofilament 
nylon or mass polyglycolic acid or steel resulted in 2 
burst abdomens (0-56 per cent), 10 incisional hernias 
due to suture failure (3-4 per cent) and 8 incisional 
hernias caused by deep sepsis (2:7 per cent). There were 
no statistically significant differences among the treat- 
ment groups, but 1 patient in the nylon and 3 in the steel 
groups had persistent sinuses until their sutures were 
removed, 


The elimination of postoperative wound dehiscence is 

entirely within the jurisdiction of the operating surgeon. 

Norris, 1939 
MOYNIHAN (1920) laid down four requisites for a 
suture: 

Such material should ideally: (1) Achieve its purpose—be 
sufficient to hold parts together, close a vessel, etc.; (2) Dis- 
appear as soon as its work is accomplished: (3) Be free from 
infection; and (4) Be non-irritant. The only material which can 
be made to fulfil these conditions is catgut. 


Layered closure of abdominal wounds with catgut 
became standard practice, but as long ago as 1941 the 
Cleveland Clinic (Jones et al, 1941) abandoned 
layered closure in favour of ‘figure-of-eight’ mass 
closure with stainless-steel wire. In biliary operations 
this reduced the dehiscence rate from 11-1 to 1-2 per 
cent. 

This paper compares the results of suture of major 
laparotomies with stainless-steel wire or polyglycolic 
acid (PGA) using a mass closure technique with those 
of a layered method using monofilament nylon for the 
superficial aponeurotic layer. 


Definitions 
The suture-holding capacity of a tissue is the force (in 
kg) required to tear a suture out of that tissue. 

Wound dehiscence is defined as a separation of the 
deep layers, heralded by the discharge of ascitic fluid, 
We classify the discharge of ascitic fluid and sub- 
sequent development of an incisional hernia as a 
dehiscence, even though the skin may heal and the 
incision not be resutured. 

Patients are assessed before operation in three ways: 
(a) nutritional state is defined as good (haemoglobin 
12 g/dl or more, blood urea < 6-6 mmol/l and serum 
protein more than 60 g/l), moderate (haemoglobin 
9-12 g/dl, urea 66-10 mmol/l or serum protein 50- 
60 g/l) or poor (outside these limits for any one sub- 
stance); (6) cardiac function is classified as good, 


Table I: CARDIAC ASSESSMENT 


Good: No history of angina 

No cardiac failure 

No atrial fibrillation 

No electrocardiographic changes 
One previous infarct 

No angina 

No treatment for cardiac failure 
Minor electrocardiographic changes 
Cardiac enlargement on X-ray 

Two or more infarcts 

Angina 

Continuous treatment for cardiac failure 
Gross electrocardiographic changes 


Moderate: 


Poor: 


Table Il: PREOPERATIVE RESPIRATORY 
ASSESSMENT 


Score Sign or symptom 


j Morning cough 

Cough at other times 

Sputum 

Shortness of breath climbing one flight 
of stairs 

1 Shortness of breath walking on the flat 

i Shortness of breath resting 

l Peak expiratory low (PEF) 50-80% of 
expected normal* 

Physical signs in the chest 

Pao, 60-70 mm 

Chest X-ray abnormal 

PEF < 50% of expected normal* 

Pao, <60 mm 


*PEF expected normals (Brooks and Waller, 1972): 
Age Male Female 
18-34 570 421 
35-44 556 406 
45-54 526 
55-64 483 353 
65 -- 447 31] 


bek me eh, 


Cni Cga poah man juak 


Table IH: POSTOPERATIVE RESPIRATORY 
ASSESSMENT 


Score Sign or symptom 


1 New or increased cough 

I New or increased sputum 

I Clinical signs in the chest 

1 Radiological signs in the chest 

I Antibiotic prescribed for the chest 

3 Temperature over 37-5°C for 48h or 
more due to chest 

3 Purulent sputum or pathogens cultured 
from the sputum 

5 Bronchoscopy or tracheostomy or IPPV 


moderate or poor (Table I); and (c) respiratory func- 
tion is classified by a score system (Table II). Post- 
operative chest scores were calculated (Table HD). 
Primary wound sepsis is the discharge of pus from 
a previously dry wound, and secondary sepsis is the 


* Scarborough Hospital, Scarborough, North Yorkshire. 
Correspondence to: A. V. Pollock. 
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Table IV: COMPARABILITY OF THE SERIES 
(357 CLOSURES) 


Layered Mass Mass 
nylon PGA steel 
group group group 

Total patients 116 121 120 
No. of males 53 57 64 
Smokers 43 30 39 
No. of females 63 64 56 
Smokers 17 21 15 
Age 
<2 30 3 6 4 
30-59 38 49 29 
60 + 73 66 87 
Malignant 30 42 44 
Operation 
Colorectal 31 32 33 
Biliary 24 35 31 
Gastric 33 27 4i 
Miscellaneous 28 27 15 
Preoperative cardiac condition 
Good 79 97 9] 
Moderate 22 Ji 15 
Poor 15 13 14 
Preoperative pulmonary score 
0 72 69 78 
jd 39 44 40 
3+ 5 $ 2 
Preoperative nutritional state 
Good 70 73 77 
Moderate 28 33 32 
Poor li 10 5 
Not recorded 6 5 6 
Incision 
Paramedian 13 13 12 
Midline 66 65 ` 65 
Transverse 37 43 43 
Length <13 cm 24 32 20 
13-17-9 om 62 71 86 
18 em- 30 18 14 
Subcutaneous fat thickness 
<i ecm 16 27 20 
1-2-4 om 66 61 65 
2-35 cm+ 34 33 35 
Closure by consultant 30 35 36 
Ciosure by registrar 86 $6 84 
Postoperative wound sepsis 
Minor (superficial) 12 19 14 
Major (deep) 11 1} 12 





acquisition of infection by a discharging wound 
(Pollock, 1973). Major sepsis, involving the deep 
layers of the wound, is accompanied by constitutional 
disturbances and is responsible for delay in the 
patient's discharge from hospital. Other sepsis is 
minor and superficial. 

The problem of defining an incisional hernia caused 
some : difficulty. At first we adopted the definition 
of Tagart (1967), namely a bulge when the patient 
—lying supine—tensed his abdominal muscles. How- 
ever, Many patients with such a weakness (often medial 
to a paramedian incision) do not develop a hernia, and 
we now define it as a bulge noticeable on standing, by 
patient and observer, and frequently requiring support 
or repair. We distinguish between small, sharp-edged 
hernias due to deep wound sepsis (often associated 
with intraperitoneal drains) and diffuse hernias due to 
failure of suture technique. 


Metheds 


Suture-halding capacity of tissues 
In 18 cadavers vertical or transverse laparotomy incisions were 
made and sutures inserted at measured distances from the cut 





edges either through all musculo-aponeurotic layers or through 
anterior rectus sheath alone. The force required to tear out 
these sutures was measured by a spring balance. 


Clinical trial 

Three hundred and seventy-four consecutive major laparo- 
tomies under the care of one surgeon during a 22-month period 
in 1974-6 were studied. Operations for appendicectomy by a 
muscle-splitting incision and those for lumbar sympathectomy, 
renal, bladder and prostatic surgery were excluded even if the 
peritoneal cavity was accidentally opened in the course of the 
operation. Operations through previously sound scars were 
included, but 5 laparotomies through existing incisional! 
hernias were not. Random allocation to closure method was by 
means of instructions in a sealed envelope. 

The protocol contained an escape clause which allowed the 
surgeon to refuse randomization. Seventeen patients fell into 
this category and are not considered further, leaving the results 
of 357 for analysis. 

When the instructions required nylon closure, the peritoneal 
and posterior aponeurotic layers were sutured with continuous 
No. 1 BPC (4 metric) chromic catgut and the anterior 
aponeurosis similarly with No. 1 BPC monofilament nylon. 

The mass closure technique required either 29-gauge stain- 
less-steel wire or No. 1 BPC PGA (Dexon) on a 5/8 circle 
Moynihan hand needle 11-5cm in total length. Interrupted 
sutures were inserted through all layers except skin, and then 
returned taking narrow bites of the anterior rectus sheath. 
This “far-and-near’ or ‘figure-of-eight’ technique was first 
described by Jones et al. (1941) who attributed it to Louis 
Smead. Knots were tied by three throws to form a double reef, 
and the ends of steel sutures were bent over. Surgeons were 
instructed to take deep bites of tissue, which proved to be 
between 0-5 and 1-0 cm from the cut edge for layered closure 
and 1-0 and 1-5 em for mass closure. 

During operation the length of incision and the thickness of 
subcutaneous fat were recorded and the number of sutures 
counted. The incision length was divided by the number of 
sutures to give a mean distance between them. Incisional and 
total blood loss were measured by swab-weighing and blood 
transfusion was recorded. 

The progress of wounds was observed for 4 weeks after 
operation and surviving patients were examined 6 months later 
for the presence of an incisional hernia. 

Statistical analysis of non-parametric data was by the +? 
test and analysis of the significance of differences in suture 
distances and cadaver suture-holding capacity was by Student's 
z test. 


Results 


Suture-holding capacity of tissues 

The mean suture-holding capacity of the anterior 
rectus sheath alone was 2:25 kg compared with 3-93 kg 
for full-thickness musculo-aponeurosis (v = 76, t= 
4-36, P<0-001). The full-thickness holding capacity 
when sutures were inserted 0-5 cm from the cut edge 
was 3-93 kg, compared with 7-16kg at 10cm (v = 
94, t = 7-39, P<0-001). The structure found to have 
the greatest suture-holding capacity was the linea alba; 
at 0-5 cm the mean was 7-93 kg compared with 4-12 kg 
for full thickness without linea alba (v= 30, tf = 
4:39, P<0-001). 


Clinical trial 

Of the 357 random closures, 116 were by layered 
nylon, 120 by mass steel and 121 by mass PGA. The 
groups were comparable (Table IV). 

There was one burst abdomen in the layered nylon 
group (0-9 per cent) and one in the mass PGA group 
(0-8 per cent). No dehiscence occurred when steel was 
used. Both patients survived, one with resuture and 
one without. 


Sixty-two patients either died or their wounds were 
reopened within 6 months of operation and these, 
together with one lost to follow-up, were rejected 
from the analysis of the incidence of incisional hernias 
~ which, therefore, concerns only 294 patients. None of 
the deaths or reoperations was related to the suture 
method. 

The incidence of incisional hernias not associated 
with deep wound sepsis was 4-2 per cent in the layered 
nylon group, 4-0 per cent with PGA and 2-0 per cent 
with steel. The total incidence of failure of suture 
technique in the three groups was, therefore, 5-1, 4-8 
and 2-0 per cent respectively (Table V). There is no 
statistical significance among these differences. 

Only one variable significantly correlated with 
wound failure: in the 14 patients in whom the post- 
operative respiratory score was 7 or more (indicating 
severe chest complications) there were 3 failures 
- (21-4 per cent) compared with 9 failures (3-2 per cent) 
out of 280 patients when the score was less than 7 
(y? = 11:30, P< 0-001). 

Sutures were placed closer together (P< 0-001) in 
the layered nylon group (mean 1-01 cm+s.e.mean 
0-03) than when either of the mass closure methods 
was used (1-504004 for PGA and 1-604004 for 
steel), but the difference in the number of sutures in 
wounds which failed and those which did not was not 
significant. 

Deep sepsis was a cause of a further 8 incisional 
hernias: | in the nylon, 4 in the PGA and 3 in the steel 
group. There was no significant difference in wound 
sepsis rates among the groups (Table IV) and the 
majority of wounds in which major deep sepsis had 
developed healed strongly. 

One patient in the PGA group complained of 
wound discomfort at 6 months, compared with 5 in 
the nylon group (in 2 of whom the sutures required 
removal) and 3 in the steel group (in 1 of whom the 
steel was removed). There were 11 instances of deep 
wound sepsis with PGA but in none did a sinus 
persist for longer than a month. Eleven patients in the 
nylon group had deep wound sepsis and one sinus 
persisted. In the steel group 12 patients had deep 
sepsis, 3 causing persistent sinuses. Healing in these 
4 patients was achieved only after removal of the 
buried sutures. 


Discussion 

Sutures break, knots slip and tissues tear. Failure of 
suture technique is entirely responsible for early 
dehiscence but only partly for late incisional hernias, 
the other culprit being deep wound sepsis, often 
associated with intraperitoneal drainage. 

Dudley (1970) discussed the theoretical advantages 
of mass over two-layered closures and we designed 
the present trial to show whether the widely used 
layered method (catgut for the peritoneum and 
monofilament nylon for the aponeurosis) was as good 
as mass closure with steel. There are advantages in 
using an absorbable suture, so we included a third 
group, mass closure with PGA. This material was 
chosen in preference to catgut because of the problem 
of knot security. 

The propensity of a triple-throw chromic catgut 
knot to slip has been documented (Howes, 1973). In 
rats he found that 3 days after suture of laparotomy 
wounds with chromic catgut the knots slipped in 42 
out of 45 loops tested compared with 1] out of 45 with 
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Table V: INCIDENCE OF WOUND FAILURE 


Incisional 
hernia due 
to failure Incisional 
Wound of suture Total hernias 
dehiscence technique number due to 
No. No, No. No. of deep 
at of at of suture wound 
Closure risk bursts  risk* hernias failures sepsis 
Layered 116 1 96 4 5 ] 
nylon (0-98 (4-2%) (31% (1-08) 
Mass PGA 121 I 100 4 5 4 
(0°87) (4-0%) (48%) (40%) 
Mass 120 0 98 2 2 3 
steel (20%) C (3-1) 


* Excluding deaths within 6 months and incisions reopened. 


PGA. Nylon knots sometimes come undone, but a 
knot in monofilament stainless steel is entirely secure, 
though a kink in the material may cause it to break. 

Apart from suture breakage and knot slippage, the 
most important cause of failure is the tearing through 
the tissues of intact sutures. Suture-holding capacity 
depends on tissue strength and the distance of the 
sutures from the cut edges. Our protocol called for 
deep bites with all methods, but the layered method 
encouraged more delicate suturing. Jenkins (1976) 
measured the length of nylon used in abdominal wound 
closures and divided this by the wound length to 
ascertain the mean distance of sutures from the cut 
edges. He found that a ratio of about 4 : 1 (equivalent 
to a bite of about 0-95 cm each side of the wound) 
resulted in dehiscence in only 1 patient out of 1505. 

The suture-holding capacity of the anterior rectus 
sheath is only just over half that of the full thickness 
of peritoneum, muscle and aponeuroses, so there are 
two factors (shallower bites in weaker tissues) which 
predispose layered closures to failure. 

Apart from materials and techniques, there are 
several other influences on the rate of wound failure. 
It is more liable to occur in men than women (Keill 
et al., 1973), in old people rather than in young 
(McCallum and Link, 1964) and in vertical incisions 
rather than in transverse (Blomstedt and Welin- 
Berger, 1972). Uraemia and jaundice (Bayer and Ellis, 
1976) interfere with wound healing, and excessive 
intra-abdominal pressure (by coughing, prolonged 
ileus or retention of urine) is an important cause in 
some cases. Blood transfusion may predispose to 
wound failure (McGinn, 1976). 

The part played by wound sepsis is important. 
Fischer and Turner (1974) found that 88 per cent of 
patients with an incisional hernia requiring repair had 
previously had a wound infection. Deep wound sepsis, 
particularly secondary to a fistula, causes one type of 
incisional hernia (a small defect with strong margins), 
but such hernias (which represent 44 per cent of those 
in the present series) do not reflect inadequacy of the 
closure technique. The number of wounds in the three 
groups which developed deep or major sepsis was 
similar, but the majority of these healed strongly, 
however they had been sutured. | 

To balance against the slightly (but not significantly) 
greater numbers of wound failures with PGA or nylon 
was the presence of persistent wound pain or sinuses 
in a few patients in whom non-absorbable sutures were 
used. There is, however, very little to choose among 
the three closure methods. 
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Reviews and notices of books 


Experimental Liver Transplantation 

V. Koristek. 240 x 170 mm. Pp. 113, with 38 illustrations., 1975. 
J. E. Purkyne University, Brno: Medical Faculty. Acta Facultatis 
Medicae Universitatis Brunensis. No price given. 


Tuais is a short monograph of experimental work done in the 
J. E. Purkyne University of Brno, Czechoslovakia, by Dr 
Koristek and his colleagues. It is concerned primarily with the 
surgery of liver transplantation and especially with the 
technique used in the pig. It begins by giving prominent 
mention to authors with cited references in this subject and 
gives credit to ‘the truly socialist nature of cooperation’ during 
the course of his experiments between the Departments of 
Biology and Genetics in Prague and the Department of Patho- 
logical Physiology at Purkyne University in Brno. 

Having cited the work of others, the author proceeds on his 
own over ground that has already been well trodden, inserting 
again many other references but with little or no discussion of 
what these authors had in fact said or done. Even at the end of 
his series, the mortality of orthotopic liver transplants in the 
pig was rather high and the author's confident assertion that 
he ts ready to do clinical liver transplantation with this experi- 
mental background seemed to me to be rather unwarranted 
without direct experience of current clinical liver transplanta- 
tion. Otherwise, many mistakes that have been made, recog- 
nized and now overcome are likely to be repeated. The author 
points out that it is necessary to have satisfactory animal 
experience before embarking on clinical work, this being 
especially true in a complicated operative procedure such as 
liver transplantation. | am sure he is right in this conclusion. 
but he might have saved himself much effort and expense in 
terms of wasted experiments if he had been permitted to visit 
centres in the West, where these procedures are already 
routine with a lower mortality. 

R. Y. CALNE 


Dynamic Radiology of the Abdomen: Normal and Pathologic 
Anatomy 

M. A. Meyers. 265 x 185 mm. Pp. 3514+-xvi, with 638 ilustra- 
tions. 1976. Berlin: Springer-Verlag. DM72-80, US $29.80. 


Tue publication of this book is particularly opportune with the 
advent of the new technique of whole body computerized axial 
tomography. 

In the opening chapters the author has provided us with 
illustrations of very well-annotated anatomy of the abdomen 
depicting transverse slices and these are related to illustrations 
of identical whole body scans. The information thus made 
available will be of great value to those who are working with 
the new technique of CAT scanning. particularly in the 
investigation of retroperitoneal problems. 

in the following chapters a great deal of new information is 
presented relating to anatomical and radiological features of the 
interpretation of intraperitoneal spread of infections and of 
malignant disease. 

There is a very helpful chapter dealing with peritoneography 
and its normal and pathological anatomy. The author has 
developed this technique of using water-soluble contrast media 
intraperitoneally to investigate the various peritoneal recesses 
related to diseases involving the liver, stomach, colon and 
pelvic organs. 

A very large chapter is reserved for the extraperitoneal spaces 
and their normal and pathological anatomy. This is followed by 
a shorter chapter on the radiology of the reno-intestinal 
relationship, its normal and pathological anatomy, the 
duodenocolic relationship, the effects of pancreatic disease on 
the intestinal tract and its normal and pathological anatomy 
and the small and large bowel. All these various sections are 
profusely illustrated-with radiographs and anatomical drawings, 
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CAT scans and ultrasound images, and are further supported 
individually by a selection of well-chosen references. All the 
reproductions are of very high standard and clearly annotated. 

The author has achieved an admirable balance between the 
radiographic interpretation and clinical information which will 
be valuable to both radiologist and clinician dealing with 
abdominal and retroperitoneal pathology. 

This book can be highly recommended, not only to radio- 
logists but also to abdominal surgeons who must keep up to 
date with modern methods and new trends of investigation. 

R. E. STEINER 





Edward Jenner’s Cowpox Vaccine: the History of a Medical 
Myth 

Peter Razzell, 205 x 140 mm. Pp. 130. 1977. Sussex: Caliban 
Books. £10. 


THe author has made an intensive study of the literature 
relating to the use of the cowpox vaccine for the prevention of 
smallpox and has included an interesting series of cases and 
observations which disclose the confusion arising from lack of 
verification of the source of the vaccine, resulting in smallpox 
possibly being identified as cowpox. This careful investigation 
gives a very valuable account of the early history of vaccination 
and the pitfalls that beset its practice, together with a useful 
list of references. More biographical details to identify the 
practitioners involved might have made the story of greater 
general interest. For instance the Haygarth who is mentioned 
is John Haygarth, for 30 years physician to Chester Infirmary 
where he introduced isolation wards for fever patients; he 
retired to Bath in 1798. In 1775 he met Benjamin Waterhouse 
at Lea Hall in Cheshire where he was the guest of John 
Fothergill who rented it for his summer vacation. 

There is perhaps too much suggestion of detraction— 
judging the achievements of one period by the greater experience 
of another—and too little appreciation of Jenner's great 
benefaction to mankind, his attempts to minimize the scope 
and effects of the scourge of smallpox. 











JESSIE DOBSON 





Complications of Urologic Surgery: Prevention and Manage- 
ment 

Edired Robert B. Smith and Donald G. Skinner. 250x 170 mm. 
Pp. 520+ xiii. Hlustrated. 1976. Philadelphia: Saunders. £24-25. 


THis book is mainly for the practising urologist and urologist 
in training, but it will also serve as a reference point for any 
surgeon who is faced with a difficult urological problem. 

There are 24 chapters, each describing a different set of 
problems in urological surgery. As the subtitle indicates, there 
is also valuable comment and guidance on how to avoid some 
of these complications. Twenty-three of the 24 chapters are 
written by American urologists but this is of particular value to 
the British urologist who can read of procedures that he will 
almost certainly never see. He will remain unpersuaded that the 
perineal prostatectomy is of anything but historical interest. 
However, chapters on the surgery of male incontinence and 
lymph node dissection might persuade him to reconsider his 
conservative approach to these problems. 

The strongest feature of this book is the authoritative 
character of the comment. This should not be surprising since 
each author writes from a wealth of clinical experience. The 
book is really a text of operative surgery; the authors do their 
best to tell the reader how to keep out of trouble, but if he does 
get into trouble then there is good advice on the next step. 
This book is well worth reading and is recommended to all 
urological surgeons. 








G. D., CHISHOLM 








608 Reviews and notices of books 

Metabolism and the Response to Injury 

Edited A. W, Wilkinson and Sir David Cuthbertson. 227 yx 
152 mm. Pp. 350. Ulustrated. 1977. Tunbridge Wells: Pitman 
Medical. £10. 


The papers in this book were given at a symposium by friends, 
admirers and pupils of Sir David Cuthbertson. Sir David, who 
in his seventy-fifth year is still active in research, contributes a 
fascinating chapter on the historical aspects of surgical 
metabolism. This chapter, which spans more than 50 years, is 
extremely comprehensive and traces Sir David's contributions 
to the subject. It also outlines the types of study which are still 
required to solve many unanswered questions. 

This is a multi-author book and as a result the presentation 
is uneven at times. Much of the material has already been 
published in one form or another, although some is quite new. 
A number of the chapters seem to be unnecessarily brief while 
others deal with experimental studies in animals in some detail. 

Dr John Kinney provides a lucid account of the response of 
the circulation to shock, injury and infection. He also outlines 
the patterns of energy, weight and tissue changes associated 
with the catabolic response to injury. These chapters are 
particularly good. 

There is a detailed biochemical consideration of the meta- 
bolism of fat emulsions and amino acids with reference to their 
use in parenteral nutrition. Much of the parenteral nutrition 
work has been reported previously. 

This is an interesting and wide-ranging series of papers. Most 
of the contributions are more concerned with mechanisms than 
methods of management; they are a fine tribute to the energy 
and vision of Sir David Cuthbertson who is often described 
as the father of surgical metabolism. 

This book will be of considerable interest to physiologists 
and surgeons concerned with the study of all aspects of injury 
and wound healing and is to be recommended. 

L D. A. JOHNSTON 


Current Controversies in Neurosurgery 
Edited T. P. Morley. 245 x 170 mm. Pp. 853 + xxviii. Hlustrated. 
1976. Philadelphia: Saunders. £25, 


THE concept of a book about the controversies of basic under- 
standing and management in a particular field is a good one. 
There are now so many publications that this volume which is 
edited by a very experienced and thoughtful surgical neurologist 
of international standing, supported by experts in their own 
superspecialist fields, is not only stimulating but challenging. 
The problem of a book written by many authors may create 
disjointed reading material but the editor has largely overcome 
this. It is not only readabie but well produced, although there 
is a paucity of illustrations. They are, in fact, not particularly 
necessary when the subjects are a matter of debate. 

The first two chapters are primarily designed for the North 
American, but any discussion on controls on activity and 
standards in medicine apply universally and may be helpful 
to the developing countries in planning their own specialist 
medical services wisely. However, the interpretation of 
health care in the neurological services of the United Kingdom 
is based largely on the service in England, rather than in 
Scotland, where it is more comprehensive. 

After reading the book one concludes that the airing of 
controversies regarding understanding of disease and its 
management is excellent for the more advanced surgeon but 
a more definitive attitude needs to be presented to the under- 
graduate, who inevitably is less secure in his approach to the 
understanding of the management of complex disease in 
particular. Thus, this is a book more appropriate to the needs 
of the experienced neurological surgeon and the advanced 
inquiring trainee. For them it is of considerable value for it 
has embraced exactly the very areas of work that now trouble 
the progressive surgical neurologist, This is particularly well 
illustrated in respect of the chapters on spinal cord injury, 
aneurysmal lesions and pacification of the brain. Additionally, 
here and there, it pinpoints the next steps for research, which 
may lead to the solution of some of the problems. 

F. J. GILLINGHAM 


Introduction to Research in Medical Sciences 
A. Cuschieri and P, R. Baker. 215% 130 mm. Pp. 216+ viii. 
Illustrated. 1977. Edinburgh: Churchill Livingstone. £3-95. 


Tus clearly written, low-priced and wide-ranging book is, in 
the words of the authors, designed to fill a need amongst 
research students for an introductory text on medical research. 
It contains chapters on diverse subjects which range from the 
physicochemical properties of matter, through some basic 
techniques in animal experimentation, to organization of 
research, analysis of data and presentation of results. Inevitably 
it could not be comprehensive and sometimes, as in the chapter 
on Statistics, the clear descriptions do not necessarily ensure 
comprehension by the reader. Nevertheless, there is much 
useful codification of ideas, techniques and practical hints so 
that the newcomer will certainly profit by skimming it all and 
reading where he wants specifics. The reference material 
quoted is comprehensive. At times the book gives the impression 
of being put together rather hastily, and also I missed in this 
book any sense of the urgency, frustration but ultimate fun 
and challenge of that puzzle-solving activity we call research. 

H. A. F. DUDLEY 


Effect of Carotid Artery Surgery on Cerebral Blood Flow: 
Clinical and Experimental Studies 

Bryan Jennett, J. Douglas Milter and A. Murray Harper. 
243% 165 mm. Pp. 172-+-viti. Ilustrated. 1976. Amsterdam: 
Excerpta Medica. Dfl.75. US $29.95. 


CAROTID occlusion, whether surgical or as a result of disease, 
has long been among the major uncertainties in neurovascular 
disease because of the serious morbidity and mortality that 
follow in an unpredictable manner and proportion of patients. 
Professor Jennett and his co-authors confirm early in this 
new book Willis’s accepted seventeenth-century hypothesis 
that the brain can often look after itself well with one of the 
supplying carotids stopped. Their measurements of cerebral 
blood flow (CBF) have amply shown the dissociation that 
often exists between this and the function of the artery in the 
neck. In the past most attempts to forecast the results of 
carotid ligation have been correspondingly unreliable. The 
message contained in the last three chapters is based upon 
the trial occlusion of the internal carotid artery in 100 patients 
with intracranial aneurysm. In essence, it was found that CBF 
fell by between 30 and 40 per cent and that the fall in carotid 
stump pressure (ICAP) was 45-50 per cent. In absolute 
terms, if the CBF after clamping was 40 ml 100 g? min- or 
more, clamping could be maintained, but never if it were 
20 mi or less. Between these values, a common event, it was 
the degree of the fall that decided whether clamping could be 
accepted: the reduction from resting level should not exceed 
25 per cent or 11 ml. With a greater reduction than this, the 
ICAP must be greater than 60 mmHg (in a normotensive 
patient) for ligation to be done. These measurements are made 
the basis of a rational examination of the place of ligation and 
of direct intracranial operation in the patient with aneurysm. 

Of equal interest, especially to vascular surgeons, is the last 
chapter on cerebral blood flow measurements in patients 
undergoing carotid endarterectomy. Though in this instance 
carotid interruption should be only temporary and much 
better tolerated than in the aneurysm patient who requires 
ligation, still there is the feeling that the occasional post- 
operative stroke could be avoided by better handling of the 
ischaemia problem, e.g. by shunting. Falls in CBF require a 
half hour for measurement and many surgeons prefer the 
insurance of a carotid shunt for cerebral protection in any 
case, including the Glasgow team. The other point of interest 
was to measure the CBF before and after endarterectomy, the 
results of past attempts being much at variance. Here it was 
found that only in the case of severe stenosis (more than 70 per 
cent) was the response to hypercapnia improved. 

I have dwelt upon the applications of this work because of 
their great general interest, but the large middie portion of 
the book contains equally important basic material on the 
surgical physiology of the subject that also repays careful 
study. 

H. H. G. EASTCOTT 
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“It is concluded that maintenance treatment of ulcerative colitis 
with sulphasalazine (salazopyrin) should be continued 


indefinitely unless contraindicated by side effects: 


The results of the above controlled trial carried 
out at the Nuffield Department of Clinical 
Medicine, Radcliffe Infirmary, Oxford are all the 
more welcome as earlier trials of cortisone? and 
prednisone’ at standard dosages have shown them 
to be ineffective in reducing the number of 
recurrences of ulcerative colitis. 

‘Fortunately, Sulphasalazine tablets, 0.5 grams 
4 times a day will prevent relapses in the majority 
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“A striking difference in the relapse rate”, | 


“The patients who received 
dummy tablets had more than four 
times the relapse rate of those 
receiving sulphasalazine”.! 
(Salazopyrin). 


Salazopyrin is a registered trade mark, 


Further information on request from:— 
Pharmacia (Great Britain) Ltd. 
Paramount House, 

75 Uxbridge Road, 

London W55SS. 

Telephone: 01-579 0102/7 
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of patients with colitis, and only a few patients 
cannot tolerate this relatively small dose, which 
can be continued indefinitely since we do not know 
when, if ever, it can be safely stopped’’.’ 

Salazopyrin (sulphasalazine) is available as the 
plain o.5g. tablet, o.5g. EN-tab and as an o.5g. 
suppository. Literature and detailed information 
on Salazopyrin are available on request. * 


Both groups of patients had been 
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1 _Both groups of p: 
j satisfactorily maintained for 1-5 years 
: on Salazopyrin prior to the study, in 
| Remission which they took Salazopyrin or 
maintained 





placebo for 6 months. 
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indefinitely unless contraindicated by side effects. 


The results of the above controlled trial carried 
out at the Nuffield Department of Clinical 
Medicine, Radcliffe Infirmary, Oxford are all the 
more welcome as earlier trials of cortisone” and 
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to be ineffective in reducing the number of 
recurrences of ulcerative colitis. 

“Fortunately, Sulphasalazine tablets, 0.5 grams 
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A controlled comparison of one- and two-layer 
techniques of suture for high and low 


colorectal anastomoses 


J. C. GOLIGHER, P. W. G. LEE, K. C. SIMPKINS AND D. J. LINTOTT* 


SUMMARY 

A controlled trial of one- and two-layer inverting 
techniques of suture for the construction of high and 
low colorectal anastomoses was conducted on 137 
patients, the integrity of the suture lines being assessed 
clinically and by routine radiological examination 
after a small Gastrografin enema. 

A clinical diagnosis of anastomotic leakage was 
made in 9 patients (or perhaps more accurately in 5 
only), but subclinical dehiscence was demonstrated 
radiologically in a further 39 patients (or perhaps 43). 
There was a slightly greater incidence of dehiscence 
after the one-layer technique of suture for both high 
and low anterior resection. 


A SOURCE of continuing controversy in abdominal 
surgery is the technique of intestinal suture (Goligher, 
1975, 1976). Opinion is divided as to the relative 
merits of inverting, end-on or everting apposition 
of the cut edges of intestine, of one or two layers of 
sutures for this purpose and of different suture 
materials, including metallic staples introduced by 
suture machines (Fain et al., 1975; Ferguson and 
Houston, 1975). Nowhere are these issues more 
relevant than in the colon and rectum because of the 
well-recognized greater propensity in general to 
anastomotic dehiscence in this part of the alimentary 
tract than in the stomach or small bowel. 

For many years the senior author (J. C. G.) used a 
conventional two-layer inverting technique of suture 
for colonic and rectal anastomoses, consisting of an 
inner, all-coats, continuous suture of catgut and an 
outer inverting layer of interrupted silk sutures, 
which included serosa (where present), muscularis 
and submucosa. However, more recently we have 
experimented with a single-layer technique of suture 
with one row of interrupted inverting silk sutures 
which penetrate all the coats. We have reported our 
experiences with this method in a controlled trial 
versus the two-layer technique for various forms of 
colonic resection (Irvin et al, 1973); no significant 
difference emerged in the results of the two techniques. 
However, this trial only embraced cases undergoing 
intraperitoneal anastomosis, in which both stumps of 
bowel taking part in the anastomosis had a peritoneal 
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coat. Thus, patients treated by sigmoid colectomy or 
high anterior resection were included, but those 
undergoing low anterior resection, in which the 
distal stump was devoid of a peritoneal coat, were 
not. We have since conducted a further study of one- 
and two-layer inverting techniques of suture as 
applied specifically to anastomoses in the upper and 
lower rectum, the integrity of which can be readily 
monitored in the postoperative period by radiological 
studies after opaque enemas, as employed in previous 
inquiries (Goligher et al., 1970a, b; Irvin et al., 1973). 
In the present paper the organization and outcome 
of this investigation are described. 


Patients and methods 

During a 24-year period in 1974-6, 137 patients in the practice 
of one of us (J. C. G.), submitted to high or low colorectal 
anastomosis following resection for carcinoma, villous 
papilloma or diverticular disease, or restoration of colorectal 
continuity after Hartmann’s operation, were randomly 
allocated to a one- or two-layer inverting technique of suture. 
(During this same period some patients undergoing colorectal 
anastomosis were not included tn the trial for various reasons; 
for example, an abdominosacral or abdomino-anal technique 
of operation was employed.) The bowel preparation of the 
patients followed our routine for cases coming to large bowel : 
resection and consisted of mechanical cleansing with aperients 
and enemas and the administration of phthalylsulphathiazole, 
neomycin and clindamycin. In addition, all the patients were 
given two doses each of gentamicin 80 mg and lncomycin 
600 mg intramuscularly, one with the premedication and the 
other 8 hours later. 


Operative technique 

In high anterior resection the pelvic peritoneum was not divided 
and the rectum was left undisturbed in the sacral concavity. 
The distal line of resection was at or just below the sigmoido- 
rectal junction, so that the resulting rectal stump had a 
complete peritoneal coat except in some cases for a small bare 
area at the mesenteric margin posteriorly. 

In low anterior resection the pelvic peritoneum was divided 
around the pelvic brim and the rectum fully mobilized by 
dissection anteriorly and posteriorly and by complete division 
of the lateral ligaments. The lower limit of the resection lay 
well below the anterior peritoneal reflection, the resulting 
rectal stump as a consequence having no peritoneal coat. 
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* University Department of Surgery and the Department of 


Diagnostic Radiology, General Infirmary, Leeds. 
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In the two-layer technique of anastomosis the inner row of 
sutures consisted of a continuous stitch of 3/0 chromic catgut, 
whilst the outer row was composed of a series of interrupted 
Lembert stitches of 3/0 silk. Usually the stitches making up the 
posterior half of the outer row were inserted as horizontal 
mattress sutures whilst the ends of the two stumps of bowel, 
still controlled by Parker—Kerr crushing clamps, lay separated 
by a gap of about 15 cm, and were left untied till all had been 
placed. The colon stump was then slid down on these sutures 
to make contact with the rectal stump and the silk strands 
were tied and cut except for the first and last, the tails of which 





Fig. 1. One-layer inverting technique used for colorectal 
anastomoses. a, Insertion of vertical mattress sutures in the 
posterior two-thirds of the circumferences of the two open 
stumps of bowel. The sutures are placed at intervals of 

4-5 mm and pass from the mucosal aspect of the colon to the 
serosal surface 5-6 mm from the cut edge and through the 
rectal wall from outside to inside a similar distance from its 
cut edge. They then return from the rectal to the colonic 
stump, just catching the edge of the rectal and colonic 
mucosae in the process. The suture material is 3/0 silk. 

b, The colon stump has been slid down on the silk strands 

to make contact with the rectal stump and the sutures are 
being tied with the knots on the colonic mucosa. c, The small 
gap in the anterior third of the bowel circumference is being 
closed with Lembert sutures of horizontal mattress type. 


were left long as stay sutures. The clamps were then excised and 
the cut edges of bowel were co-opted by a running through- 
and-through suture of catgut,.the anterior half of which was 
placed as a Connell (loop on the mucosa) stitch to secure 
mucosal inversion. Finally, the outer row of horizontal mattress 
sutures of silk was continued around the anterior half of the 
anastomosis. In some cases having high anterior resection the 
inner catgut suture was inserted first of all and then by rotating 
the bowel each half of the circumference was made available 
in turn for placement of the outer silk sutures. 

In the one-layer technique the crushing clamps were excised 
from the colonic and rectal stumps leaving two open ends of 
bowel separated by a gap of about 15 cm. A series of vertical 
mattress sutures of 3/0 silk corresponding to the posterior two- 
thirds of the bowel circumference was then inserted, as shown 
in Fig. la, and left loose till all had been placed. Next the 
colon was slid down on these silk strands, which were tied with 
the knots on thecolonic mucosa (Fig. 1b). Finally, the gap repre- 
senting the anterior third of the anastomosis was closed by 
further silk sutures, inserted usually as horizontal Lembert 
sutures because of the greater ease of placement of this type 
of stitch compared with a vertical stitch in the deep pelvis 
(Fig. 1c). 

No attempt was made to wrap greater omentum around the 
anastomosis regardless of its height or type, but two closed 
suction drains were left down to the site of anastomosis in all 
cases. A covering transverse colostomy was established at the 
end of the operation in virtually all the patients having a low 
anastomosis, but in only very exceptional cases after high 
anastomosis. 





Assessment of integrity of anastomosis 

An important feature of this study was the routine investiga- 
tion of the state of the anastomoses of all the patients by 
radiological examination after a very gently administered small 
opaque enema of Gastrografin 10-14 days after operation. The 
only exceptions to this routine were 2 patients who developed 
peritonitis requiring emergency laparotomy at which a leak 


was demonstrated. Even if there was good clinical evidence of 


anastomotic dehiscence, for example from digital or sigmoido- 
scopic examination of the rectum in a case with a low rectal 
anastomosis, a Gastrografin enema study was still carried out 
to secure a visual record of the anastomotic breakdown and 
of the extent of the leak. 


Findings 

Of the 137 patients, 2 died of coronary thrombosis 
and pulmonary embolism respectively on the sixth 
and tenth postoperative days. Though there had been 


no ordinary clinical indication up to the time of 


death in these 2 cases of any anastomotic leakage, 
neither patient had been subjected to Gastrografin 
enema examination and in addition no necropsy 
evidence regarding the anastomosis was available. 
Accordingly, both these patients have been excluded, 
leaving 135 cases available for study. Of these, 84 
were submitted to high anastomosis (41 by the 
two-layer technique and 43 by the one-layer technique) 
and 51 to low anastomosis (25 by the two-layer 
technique and 26 by the one-layer technique). The 
comparability (in terms of age and sex distribution 
of the patients and of the types of operation performed 
and underlying conditions present) of the cases 


treated by the one- and two-layer techniques of 


suture respectively for high and low anastomoses is 
examined in Tables I and II, from which it will be 
seen that the groups are remarkably well matched. 
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Fig. 2. Radiographs following Gastrografin enema 10-14 
days after high rectal anastomosis. a, Intact anastomosis after 
one-layer suture (arrow indicates site of anastomosis). b, 
Small subclinical dehiscence after one-layer suture. c, Larger 
subclinical leak after one-layer suture. 


Incidence of dehiscence 

The frequency of dehiscence according to the height 
of the anastomosis and the type of suture technique 
employed is indicated in Tables III and IV. Some 
examples are shown in Figs. 2 and 3 of the appear- 
ances in Gastrografin enema studies of patients with 
an intact anastomosis, with dehiscence detected only 
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Fig. 3. Radiographs following Gastrografin enema 10-14 days 
after low rectal anastomosis. a, Intact anastomosis after 
one-layer suture (arrow indicates site of anastomosis). 

b, Small subclinical dehiscence. c, Larger leak through a 
small anastomotic dehiscence, which would have been 
subclinical if a careful digital examination had 

not been performed. 





b 


on radiological examination and with clinically evident 
dehiscence respectively. 


Discussion 

In the past few years there has been much debate as 
to the relative merits of one-layer and two-layer 
suture techniques, particularly for rectal anastomoses. 
A notable contribution on this subject was Everett’s 
(1975) report of a controlled clinical trial contrasting 
these two methods of suture for high and low rectal 
anastomoses respectively. For the two-layer suture 
he employed a technique very similar to that used in 
the present study, except that 4/0 Supramid was the 
material selected for the outer row of stitches instead 
of silk. In the one-layer suture he used interrupted 
stitches traversing the full thickness of the bowel wall, 
as was done in our study, but he used 4/0 Supramid 
rather than silk and inserted the sutures of the 
posterior half of the circumference not as vertical 
mattress stitches but as simple sutures tied on the 
mucosal side, and the stitches of the anterior half as 
Gambee (1951) sutures. For the assessment of the 
frequency of dehiscence he relied essentially on 
X-ray studies similar to those employed in our 
investigation. However, our results differ from his in 
several respects. 

Everett (1975) found no difference in the incidence 
of dehiscence between one- and two-layer techniques 
of suture after high anastomoses but a significantly 
smaller incidence after the one-layer technique for 
low anastomoses. By comparison, we have been able 
to demonstrate a rather greater incidence of dehiscence 
after the one-layer technique than after the two-layer 
technique for both high and low anastomoses; this 
difference just manages to achieve significance at the 
5 per cent level with high anastomoses but fails to do 
so with low anastomoses, perhaps because of the 
smaller number of patients submitted to the latter 
operation. We are quite unable to explain the 


Table 1: COMPARISON OF FACTORS THAT MIGHT 
INFLUENCE THE INCIDENCE OF DEHISCENCE OF 
HIGH COLORECTAL ANASTOMOSES 


Two-layer One-layer 
anastomosis anastomosis 
(41 cases) (43 cases) 
Operations and diseases No. % No. yA 
High anterior resection 39 95 4i 95 
For carcinoma 25 61 29 67 
For villous papilloma 3 T 2 5 
For diverticular disease li 27 10 23 
Colorectal anastomosis after 2 5 2 5 
Hartmann’s operation for 
diverticular disease 
Proximal colostomy 3 7 5 12 
performed | 
Average age 61-4 61-1 


Male : female ratio Pia 19:1 


Table H: COMPARISON OF FACTORS THAT MIGHT 
INFLUENCE THE INCIDENCE OF DEHISCENCE 
OF LOW COLORECTAL ANASTOMOSES 


Two-laver One-layer 
anastomosis anastomosis 
(25 cases) (26 cases) 
Operations and diseases No. o” No. A 
Low anterior resection 
For carcinoma 21 84 23 88 
For villous papilloma 4. 16 3 12 
Proximal colostomy performed 24 96 M4 92 
Average age 67-0 67-3 


Male : female ratio 09:1 O08: 1 


difference between Everett’s (1975) results and ours, 
but must accept that in our hands there is no 
advantage in a one-layer technique of suture over a 
two-layer technique for either high or low rectal 
anastomosis. 

It is important to emphasize that the great majority 
of the anastomotic dehiscences revealed in our 
study, and in Everett's (1975), after both high and 
low rectal anastomoses were detected only on 
Gastrografin enema examination. If this special 
radiological investigation had been omitted and 
reliance had been placed entirely on ordinary clinical 
findings for the diagnosis of anastomotic dehiscence, 
the estimated incidence of this complication in our 
series would have been quite small—in high anasto- 
moses only 3 per cent after the one-layer technique 
and nil after the two-layer technique, and in low 
anastomoses 16 per cent after either the one- or 
two-layer technique. (The incidence of clinically overt 
dehiscence would have been only 8 per cent after low 
anastomoses by either the one- or two-layer technique 
if we had not been so vigilant with digital examination 
in all our patients and had reserved the clinical 
diagnosis of anastomotic dehiscence for patients with 
faecal leakage from their drain sites or per vaginam.) 
These purely clinical estimates of frequency would 
correspond roughly with those reported after anterior 
resection by many other authors who do not use 
routine radiological studies to assess the integrity of 
the suture line (e.g. Ferguson and Houston, 1975; 
Wilson and Beahrs, 1976). It could be argued, indeed, 
that the occurrence of subclinical radiologically 
diagnosed leaks is of purely academic interest in so far 
as they appear to have no bearing on the clinical 
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Table II: INTEGRITY OF SUTURE LINE 10-14 DAYS 
AFTER HIGH COLORECTAL ANASTOMOSES 


Two-layer One-layer 
anastomoses anastomoses 

(41 cases} (43 cases) 
Suture line No. BA No. “A 

Radtologically intact 30 Zu 
Radiological leak but entirely 7 27 15 35 
subclinical 

Clinical leaks 0 1* 23 


Total leaks ] 27 16 37:3 


* A patient on whom colorectal continuity was restored 
following a Hartmann operation. Subsequent leakage led to 
peritonitis and a re-laparotomy with recovery. 

A 2x2 77 test on the data for ‘radiologically intact’ and 
‘total leaks’ gives 7° = 3-25, d.f. = 1, which is just significant 
at the P = 0-05 level. 





Table IV: INTEGRITY OF SUTURE LINE 10-14 DAYS 
AFTER LOW COLORECTAL ANASTOMOSES 


Two-layer One-layer 
anastomosis anastomosis 

(25 cases) (26 cases) 
Suture line No. “ No. A 

Radiologically intact 15 l1 
Radiological leak but entirely & 24 l 42 
subclinical 

Clinical leaks 4* 16 4+ 16 


Total leaks 10 40) 15 S8 


* All evident on digital examination of the rectum; one also 
had faecal leakage along the pelvic drain. All recovered. 

t All detectable on digital examination of the rectum; one 
also had faecal leakage along the pelvic drain and another a 
sustained high pyrexia. Three recovered and one died of 
cardiovascular complications. 

A 2x2 y? test on the data for ‘radiologically intact’ and ‘total 
leaks* gives y* = 1-60, d.f.= 1, which is not significant at 

the P= 0-05 level. 


course of the patients, but if one is trying to determine 
the relative reliability of different methods of anasto- 
mosis, it is desirable in the interests of accuracy to 
have a strictly objective method of assessment, 

Reference should also be made to the remarkable 
results reported by Matheson and Irving (1975) with 
a one-layer technique of anastomosis after rectosig- 
moid resection. Though they did not have a control 
group of patients treated by an alternative method 
in their investigation, the integrity of the anastomosis 
in all their 52 cases was assessed by a postoperative 
opaque enema examination. The incidence of anasto- 
motic dehiscence was only 5 per cent after high 
anastomosis and 7 per cent after low anastomosis. It 
is difficult to understand why Matheson and Irving’s 
(1975) results are so much better than ours and even 
than Everett’s (1975). It would appear, however, that 
their one-layer technique of anastomosis was some- 
what different from ours, in that the sutures of 3/0 
braided nylon did not traverse the full thickness of 
the bowel wall. Instead they were inserted from the 
outside and included a bite of all the coats except the 
mucosa. Whether this difference in method accounts 
for the superiority of their results is arguable. 
Perhaps it is a better way of conducting a one-layer 
anastomosis, but it might be technically more 
difficult to apply than our method of one-layer suture 
in very low rectal anastomoses, 
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Colectomy and ileorectal anastomosis for colitis: 
report on a personal series, with a critical review 


PETER F. JONES, ALEXANDER MUNRO 


SUMMARY 

Jn a consecutive series of 86 patients who required 
total colectomy for inflammatory bowel disease, 36 
(43 per cent) had an ileorectal anastomosis. On review 
between | and 18 years after the operation, there were 
25 patients who retained the anastomosis, all ef whom 
were in good general health. Details of their clinical 
and sigmoiduscopic assessment and the histological 
grading of rectal biopsies are given. The results are 
compared with other published reports in a critical 
review 0} the present standing of ileorectal anastomosis. 


WEHEN surgical treatment is required by the patient 
with colitis, panproctocolectomy is the procedure 
most widely used and there are many accounts of 
the results of this operation. Most patients make a 
rapid adjustment to ileostomy life, greatly assisted by 
recent advances in stoma care. Nevertheless, in a 
condition which so often affects those who may be 
on the threshold of marriage or a career, the surgeon 
must often wish that he did not have to recommend 
so radical an operation. The alternative, which has 
not received widespread attention in this country, is 
total colectomy with ileorectal anastomosis. This is 
an operation which tends to attract either strong 
support or fierce opposition, so it is unusual to see its 
advantages and disadvantages clearly stated. It is 
the aim of this paper to look closely at the results of a 
personal series and to offer a critical review of the 
operation. 

The history of ileosigmoid or ileorectal anastomosis 
after removal of the colon is a long one. Lilienthal in 
1901 described a girl of 21 with total severe colitis 
who, in the course of 5 operations, had a successful 
ileosigmoidostomy (made with a Murphy button). 
Reinhoff (1925) and Arn (1931) used a similar opera- 
tion in a few patients, and Devine (1943) described a 
four-stage ileosigmoidostomy ; Corbett (1952) modified 
this operation and reported good results in 7 patients. 

Wangensteen (1943) appears to have been the first 
to perform, in 1940, a one-stage ileoproctostomy 
and his first 2 patients were reported to be in good 
health over 20 years later (Griffen et al, 1963). 
Aylett (1974) has become the chief protagonist of 
this operation and has described results in over 400 
patients with long term successful preservation of the 
rectum in over 90 per cent. In spite of these and other 
favourable reports of this operation, some dis- 
tinguished physicians and surgeons warn against its 
use, basing their objections on two important points: 
first, ileorectal anastomosis does nothing to cure the 
inflammation in the rectal stump, where the disease 
may flare up in the future; secondly, there may be an 
increased risk of carcinoma in the rectal stump. 


Patients and methods 

In this surgical unit, 86 patients have had a total colectomy 
performed by the same surgeon for inflammatory disease of 
the colon between 1958 and 1976. This figure includes both 
emergency and elective operations and the indications for 
operation were those which would be generally accepted 
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Table I: TOTAL COLECTOMY FOR INFLAMMATORY 
DISEASE OF COLON: OPERATIONS PERFORMED 
SEPTEMBER 1958 TO MAY 1976 


Emergency 
operation Deaths 
Panproctocolectomy 
One-stage 33 6 0 
Two-stage 8 6 0 
Total colectomy 
Rectum not removed 5 5 5 
Total colectomy with 4 i 0 
Hartmann’s 
procedure to 
rectum 
UC 32} 
Total colectomy with 
IRA 36 i 2 
Crohn’s 4 
86 19 7 


IRA, lleorectal anastomosis; UC, ulcerative colitis. 


Table H: DETAILS OF 36 PATIENTS HAVING 
ILEORECTAL ANASTOMOSIS 
Histological 


Total classification 

Sex Uc Crohn’s 

Male 19 16 3 

Female 17 16 1 
Age 

8-17 yr li 9 2 

18~30 yr 13 13 0 

30-45 yr 7 6 1 

Over 45 yr 5 4 ] 





(Goligher, 1975). A provisional choice between retention and 
excision of the rectum was made preoperatively. Whenever 
{a} the anal canal looked and felt reasonably normal, (6) the 
rectum appeared normal or only mildly inflamed and (c) the 
rectum appeared to be supple and capable of distension, then 
the surgeon considered the patient to be a candidate for 
ileorectal anastomosis. In a borderline case we inclined towards 
conservation of the rectum if the patient was under 25 years 
of age. In 3 cases the strong personal wishes or personality of 
the patient were the deciding factor in selection for ileorectal 
anastomosis. The final choice on the level of division of the 
rectum was usually made during the operation by direct 
inspection of the open rectum after removal of the colon. 
These criteria were not consciously varied throughout the 
series. The preoperative diagnosis of all cases subjected to 
ileorectal anastomosis was ulcerative colitis, so suspicion of 
Crohn's colitis did not influence the decision, although 4 
patients subsequently proved to have Crohn's disease. 

The operations performed are summarized in Table I 
which shows that 43 per cent of patients had an ileorectal 
anastomosis; details of age and sex are given in Table IF. 
One patient was operated on as an emergency and 4 semi- 
urgently. Thirty-five of the 36 patients had the ileorectal 
anastomosis performed at the same time as the total colectomy; 
the remaining case had an emergency colectomy for toxic 
megacolon with ileorectal anastomosis 5 months later. 





* Department of Surgery, Woodend General Hospital, 
Aberdeen, and Department of Pathology, University of 
Aberdeen. 

Correspondence to: P. F. Jones, Woodend General Hospital, 
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Table IH: DETAILS OF 4 PATIENTS 
SUBSEQUENTLY UNDERGOING CONVERSION TO 
ILEOSTOMY 


Age at 

Sex operation (yr) Interval Reason for conversion 

F 30 ide Laparotomy for intestinal 
obstruction. Sclerosing 
cholangitis (UC) 

F 22 2 yr Severe rectal haemorrhage 
(UC) 

M 20 2yr Recurrent disease. Died of 
renal failure 11 yr after 
IRA {UC} 

M 16 3 yr Crohn’s disease. Anal 


fistulas. Died 7 years 
after IRA 


Table IV; MORTALITY AMONG 36 PATIENTS 
HAVING ILEORECTAL ANASTOMOSIS 


Age at Survival 

Sex operation (yr) time Cause of death 

F 40 Smth Anorexia nervosa (UC) 

M i7 6mth Hepatic metastases, 
carcinoma coli (UC) 

M 17 8 yr Chronic active hepatitis 
(UC) 

M 54 10 yr Natural causes (UC) 

M 65 14 yr Carcinoma of oesophagus 


{Crohn's} 





There were also 2 operative deaths. 


Surgical technique 

The right colon and terminal ileum were mobilized and the 
mesentery of the terminal ileum transiluminated to allow 
accurate isolation and division of the blood vessels. The 
ileum was divided as close as possible to the ileocaecal valve; 
the calibre of the ileum was matched to the rectum by dividing 
it at right angles and incising the wall opposite to the mesen- 
tery as required. After mobilization of the transverse and 
descending colon, the inferior mesenteric vessels were pre- 
served and the sigmoid arteries were tied at their origin. The 
rectum was not mobilized below the peritoneal reflection. 
Generally, the rectum was divided opposite the sacral pro- 
montory. but on occasions the bowel was still ulcerated at 
this level and removal of a few further centimetres allowed the 
anastomosis to be made through more normal rectum. At 
first a two-layer anastomosis of continuous all-coats 2/0 
chromic catgut with interrupted silk seromuscular sutures 
was made, but for some years now we have used one-layer 
interrupted 3/0 silk all-coats sutures, completing the anterior 
layer with a Connell stitch. Generally, the rectum holds 
sutures very well. A few sutures are inserted between the cut 
edge of the ileal mesentery and the posterior abdominal wall 
peritoneum to prevent herniation of the bowel. In no case was 
a covering Heostomy used. 


Results 
Thirty-four patients made a good initial recovery 
from the operation and 2 died. One, the emergency 
case, suffered a leak from the anastomosis on the 
seventh day and died 2 weeks later as a result of 
abdominal sepsis, although an ileostomy was made 
after the leak occurred. (It was a serious error to 
attempt an anastomosis in the emergency situation.) 
The other patient, who was also seriously ill at the 
time of operation, had to be reopened for adhesive 
obstruction on the eighth day and died 2 weeks later 
from uncontrolled sepsis. 

Among the 34 remaining patients there were a few 
major problems during convalescence. Three developed 
small bowel obstruction within 3 weeks of surgery 


and required laparotomy; during this procedure we 
had to take the anastomosis down and fashion an 
ileostomy in one patient (Table HI). 

One patient developed a lung abscess which 
responded to medical treatment and another patient 
required operation for a perianal abscess. Two weeks 
after operation one patient had a subdiaphragmatic 
abscess drained and another patient needed drainage 
of an abscess in the left side of the abdomen. A pelvic 
abscess was palpable in a further patient but this 
settled down without surgical drainage. Apart from 
these problems the patients generally made a straight- 
forward recovery. 

It was usual for 4-6 days to elapse before the bowel 
moved and this delay was often followed by the 
passage of very loose stools for a week or more. In 5 
patients this diarrhoea was severe and prolonged and 
sigmoidoscopy showed a worsening of the state of the 
rectum. Four were given oral sulphasalazine and 2 
required oral corticosteroids before improvement 
occurred. 

The low clinical leak rate (1 in 36) was probably in 
part due to the selection of patients; in 31 patients 
the operation was a planned episode in the treatment 
of chronic debilitating disease, 4 operations were 
performed semi-urgently in more acute active disease 
and only | patient had an operation performed as an 
emergency. 


Progress after discharge 

Despite the mild inflammation in the rectum at 
operation, 3 patients subsequently required rectal 
excision for severe recurrence of disease between 2 
and 3 years after the ileorectal anastomosis was 
made: 2 of these patients had ulcerative colitis and 
one had Crohn’s disease (Table I/D). 

Of the 30 remaining patients 5 have died since their 
operation (Table IV). The 3 patients who survived 
for between 8 and 14 years had a continuing good 
result from the ileorectal anastomosis and the youth 
who had liver metastases at the time of operation had 
useful palliation. 

Intestinal obstruction: Four patients required laparo- 
tomy for adhesive intestinal obstruction at a late 
stage. Three of them presented several years after the 
ileorectal anastomosis operation: one required three 
laparotomies for obstruction and on the last occasion 
peroperative intubation of the whole small intestine 
was performed (Baker, 1968); since then there has 
been no recurrence. This manoeuvre was used on 
another of these patients 4 years ago with a good 
result so far. 

Extracolonic manifestations: One patient who had 
ankylosing spondylitis before operation has had 
symptoms intermittently from this condition for the 
10 years since her ileorectal anastomosis operation, 
although the condition does not seem to be actively 
progressing. Another female patient who required an 
ileorectal anastomosis within 3 months of the onset 
of severe ulcerative colitis developed arthritis in both 
knees and hands after the operation: these symptoms 
continued for 2 years postoperatively with marked 
synovial thickening and joint effusions, but for the 
past 6 years she has been symptom-free. Another 
patient had evidence of marked erythema nodosum 
on both legs intermittently for 2 years after her 
operation, but for the past 4 years she has also been 
free of this complication. 


One patient developed chronic active hepatitis 
6 years after his operation and died 2 years later from 
liver failure: during this time the rectum looked only 
very mildly inflamed. 


Late review of patients 

Out of the original 36 patients operated on, 25 
(69 per cent) were available for further study. All 
these patients were recently interviewed, a sigmoido- 
scopy performed and one or more rectal biopsies 
taken from the rectal stump, usually at about 8 cm 
from the anal verge. Blood was taken for simple 
haematological tests and for serum protein and liver 
function tests. A review of the original colectomy 
specimens was carried out and showed that 23 of 
these patients had had ulcerative colitis and 2 had had 
Crohn’s disease. These 2 patients were operated on 
11 and 18 years ago and their progress has not so far 
been different from the 23 with ulcerative colitis; these 
two are considered in a later section. All 23 patients 
with ulcerative colitis now lead a normal life. Among 
the women 3 have married and borne children since 
the operation. There has been no case of impotence 
or failure to ejaculate among the males. All surviving 
males are working full time. 

Bowel frequency: Bowel movements are on the whole 
loose after colectomy with ileorectal anastomosis for 
ulcerative colitis and even patients with the best 
results have only semi-formed stools. Eleven patients 
have up to 3 stools per day and a further 11 between 
4 and 6 stools daily. Only one patient has 7 or 8 
stools each day and no patient has had incontinence 
except in the immediate postoperative period. In at 
least 7 patients the postoperative course was unsatis- 
factory in terms of frequency of bowel movement 
and inflammation of the rectal stump for periods 
ranging from 6 months to 2 years after operation, 
but as time passed the consistency of the bowel 
movement became more normal and the frequency less. 

Occasionally during an acute relapse of proctitis 

the stool may be excessively loose, tenesmus may be a 
feature and the patient may pass some blood and 
slime in the stool. These symptoms have been brought 
under control by medical measures. 
Rectal stump appearance: All patients with ulcerative 
colitis who have their ileorectal anastomosis intact 
were reviewed recently and subjected to sigmoidoscopy 
and multiple biopsy of the rectum, except for one 
patient who has consistently declined examination; 
she was recently interviewed but she refused sigmoido- 
scopy. The appearance of the rectum was graded 
according to the criteria of Goligher et al. (1968), 
grade 1 being normal and grade 4 being severe disease 
(Table V). 

Two patients had evidence of mild stenosis at the 
anorectal ring, although this gave rise to no symptoms 
and sigmoidoscopy demonstrated in each case only 
relatively mild inflammation in the rectal stump. 
One of the interesting features of the rectal stump is 
the very marked increase in capacity which is seen 
after operation: not only does the rectal stump 
increase in diameter but the lower ileum also seems 
to undergo a quite marked increase in size (Fig. 1). 
Histology of the rectal stump: The biopsies taken 
from the rectal stump were assessed by a pathologist 
who has a particular interest in the gastro-intestinal 
tract and this was done without knowledge of the 
sigmoidoscopic appearance of the rectum. There was 
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Fig. 1. Total colectomy for ulcerative colitis with ileorectal 
anastomosis was performed 13 years before this barium 
enema was performed. It shows that both the rectum and the 
terminal ileum are capable of considerable distension. 


Table V: APPEARANCE OF RECTUM ON 
SIGMOIDOSCOPY IN PATIENTS WITH ULCERATIVE 
COLITIS 


Stage 1 (normal): 6 
Stage 2 (mild): 13 


Stage 3 (moderate): 2 
Stage 4 (severe): l 


Table VI: HISTOLOGICAL GRADING OF BIOPSIES 
IN PATIENTS WITH ULCERATIVE COLITIS 


Normal: 4 
Grade 1: 3 Grade 3: 8 
Grade 2: 7 Grade 4: 0 


usually more than one biopsy available and these 
were graded arbitrarily according to the degree of 
acute and chronic inflammation (Table VI). Grade 1 
represented those biopsies with a very minor degree 
of chronic inflammatory infiltrate in the lamina 
propria whereas grade 4 represented severe, acute and 
chronic inflammatory cell infiltrate involving the 
lamina propria and possibly also the submucosa, 
with marked ulceration. 

The histological features of the rectal stump 
varied from normal to severe changes of chronic 
ulcerative colitis with increase in inflammatory cell 
infiltrate, reduction in crypt numbers and marked 
distortion of the crypt column. In several cases 
numerous Paneth cells were seen. Biopsies taken 
from the rectal stump of 4 patients showed a marked 
villous appearance of the surface mucosa. All 
biopsies were looked at for evidence of precancer but 
this was not found in any of the 22 patients. 
Postoperative medical treatment requirements: Eleven 
of the 23 patients whom we have reviewed have 
required no treatment other than occasional codeine 
phosphate since the time of operation. A further 9 
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Table VH: REVIEW OF THE LITERATURE: PROPORTION OF PATIENTS UNDERGOING TOTAL 
COLECTOMY FOR ULCERATIVE COLITIS WHO HAVE AN ILEORECTAL ANASTOMOSIS 


Total IRA IRA 
oe _ Coleetomies č performed o 
Aylett (1974) Gordon Hospital (London) 461 443 96 
Ribet et al. (1973) Lille 76 60 79 
Vink and Beerstecker (1973) Leyden 73 50 68 
Jones et al. (1977) Aberdeen 86* 36 43 
Ehrenpreis (1966) Stockholm (< 19 yr) 45 19 42 
Sprechler and Baden (1971) Copenhagen 127 48 38 
Yudin (1973) Moscow 167 55 33 
Muir (1959) London 60 19 32 
Hughes and Russell (1967) Melbourne 234 63 27 
Mignon et al. (1974) Paris 250 28 1] 
Adson et al, (1972) Mayo Clinic 350 35 10 
Veidenheimer et al. (1970) Lahey Clinic 387 36 9-3 


* Patients with inflammatory bowel disease. 


Table VHI: REVIEW OF THE LITERATURE: 
POSTOPERATIVE COMPLICATIONS AMONG 
PATIENTS WITH PRIMARY UNPROTECTED 


ANASTOMOSES 
Na. of 
IRAs Leaks Haemorrhage 
Ulcerative colitis 
Sprechler and Baden 48 0 2 
(1971) 
Hughes and Russell (1967) 62 3 0 
Veidenheimer et al. 36 2 0 
(1970) 
Baker (1970) 4] 6 0 
Griiner et al. (1975) 57* 6 2 
Ehrenpreis (1966) 19 0 0 
Jones et al. (1977) 32 l 0 
Crohn's disease 
Baker (19713 28 1 G 
Alexander-Williams et al. 4i 9 0 


(1974) 


* Some of these operations may have been done as emergencies. 


Table IX: REVIEW OF THE LITERATURE: 
MORTALITY AMONG PATIENTS HAVING 


ELECTIVE ILEORECTAL ANASTOMOSIS FOR 
INFLAMMATORY BOWEL DISEASE 

Total Operative Mortality 

IRAs deaths (34) 
Aylett (1974) 406 ji 3 
Hughes and Russell (1967) 63 2 3 
Ritchie (1974a) 100 3 3 
Ritchie (1974b) 3} 2 6 
Sprechler and Baden (1971) 48 i 2 
Griffen et al. {1963} 53 2 4 
Veidenheimer et al. (1970) 36 2 6 
Jones et al. (1977) 35 ł 3 
Total 772 24 3-1 


patients required treatment intermittently for inflam- 
mation in the rectal stump, with associated tenesmus 
and increase in bowel frequency. These patients were 
treated with oral sulphasalazine, combined as neces- 
sary with prednisolone enemas or suppositories and, 
more recently, 10 per cent hydrocortisone foam 
enemas. We have found that in this group of patients 
these measures have been required only for the 
first 2-3 years after operation and thereafter the 
rectal stump inflammation settles and specific treat- 
ment is no longer necessary. Three of the 23 patients 
have had continued inflammation in the rectal stump 


and have been on sulphasalazine more or less con- 
tinuously since the time of their operation 2, 5 and 
14 years ago respectively. 


Review of the literature 

Selection of patients 

Few surgeons give their criteria for electing to per- 
form an ileorectal anastomosis. Aylett (1976) states 
that he makes an ileorectal anastomosis ‘wherever 
possible, however inflamed the rectal mucosa may 
be’, but that it should not be undertaken if there is a 
stricture of the rectum, or deep perianal fistulation, 
at the time of operation. On the other hand, Ehrenpreis 
(1966) chooses ileorectal anastomosis only when 
there are ‘slight or moderate signs of rectal involve- 
ment’. Nixon (1974) uses similar criteria, and they 
are probably those adopted by most of the surgeons 
who use ileorectal anastomosis in 30-40 per cent of 
their total colectomies. Table VH lists all the reports 
which give the total number of colectomies performed 
as well as the number of times ileorectal anastomosis 
was selected. 

The majority of these anastomoses. are performed 
at the time of total colectomy, although some 
surgeons stage the procedure. If emergency colectomy 
is required the rectum can be preserved and used for a 
later ileorectal anastomosis but it must be remembered 
that the appearance of the rectal stump, although it is 
defunctioned, rarely improves (Thompson, 1974). 


Surgical technique 

In constructing an ileorectal anastomosis a few 
surgeons make a point of adding a protective loop 
ileostomy above the anastomosis: most surgeons, 
however, because they perform their anastomoses on 
the relatively normal rectum, do not feel this protec- 
tion to be necessary. Aylett (1971la, b) specifically 
states that ileostomy is an essential part of his 
technique, and he expects anastomotic leakage in 
20 per cent of patients even with this protection. It is 
interesting that the only other team who use ileorectal 
anastomosis in almost every patient (Ribet et al., 
1973) also regularly use a protective ileostomy with 
a skin bridge. 

The majority of surgeons make an end-to-end 
anastomosis of ileum to upper rectum. The leakage 
rate (Table VHI) reported by those who make an 
unprotected anastomosis is low and this is probably 
because these surgeons select their cases. It has been 
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Table X: REVIEW OF THE LITERATURE: LATE RESULTS OF TOTAL COLECTOMY WITH ILEORECTAL 


ANASTOMOSIS FOR ULCERATIVE COLITIS 


Total 
IRAs 
All age groups 
Aylett (1976) 46] 
Watts and Hughes (1970) $1 
Adson et al. (1972) 35 
Veidenheimer et al. (1970) 27 
Mignon et al. (1974) 48 
Vink and Beerstecker (1973) 50 
Sprechler and Baden (1971) 48 
Ritchie (1974a) 67 
Ritchie (1974b) 31 
Grüner et al, (1975) 57 
Griffen et al. (1963) 47 
Jones et al. (1977) 32 
Children only 
Ehrenpreis (1966) l 19 
Nixon (1974) 10 
Aylett (1976) 28 
Jones et al. (1977) 10 


our experience that the rectal stump has been easy to 
handle and that the slight degree of fibrosis in the 
wall has made it easy to suture. Blood supply is not 
a problem when the inferior mesenteric artery is left 
intact, but Hughes and Russell (1967) report that they 
ligate the inferior mesenteric artery and vein and 
perform an unprotected end-to-end anastomosis. 
Their leakage rate (3 per cent) is the same as in our 
series, suggesting that the blood supply of the rectum 
is so good thar it is not important whether the inferior 
mesenteric artery is ligated or preserved. Aylett (1976) 
and Baker (1970) consider ligation of the superior 
rectal artery to be important but give no reason for 
this opinion. Because of the volume of serosanguinous 
fluid which collects after total colectomy, we now 
leave a split latex tube drain in both flanks for some 
days after operation as well as the drain down to the 
ileorectal anastomosis. 


Immediate results 

Mortality rate: Ueorectal anastomosis after an elective 
total colectomy, whether done as a one-stage or two- 
stage procedure, carries a low mortality. Table IX 
shows the results in reports which consider only 
elective operations: the mortality averages 3 per cent. 
This can be compared with the figure of 3-8 per cent 
given by Daly (1968) for the mortality of 293 elective 
proctocolectomies, of 1:6 per cent at St Mark’s 
Hospital (Ritchie, 1972) and of 1-8 per cent in 112 
patients in north-east London hospitals (Ritchie, 
1974b). It is of interest that the operative mortality of 
Ribet and his colleagues (1973) (who claim to use an 
ileorectal anastomosis in all possible patients) appears 
to be 27 per cent, which suggests that a sutured 
anastomosis in the emergency situation is a mistake. 
Our own single experience strongly supports this 
conclusion. 

Postoperative course: There is no obvious explanation 
for the wide variations in the clinical leakage rate 
shown in Table VIII All 4 patients reported to have 
had postoperative haemorrhage from the rectal 
stump required reoperation with separation of the 
anastomosis and ileostomy, but this appears to be a 
rare complication. 


Subsequent Good rectal 

rectal excision function 
No. eA No. A 
33 7 403 87 
12 15 4] 50 
7 20 II 3} 
2 7 22 85 
17 35 22 45 
3 6 27 54 
4 8 27 56 
18 26000 l ne 
9 28 a cat 
23 40 15 26 
3 7 25 53 
3 9 22 66 
2 10 17 89 
l 10 9 90 
3 10 23 82 
0 0 7 70 


In nearly all patients there is only a slow return of 
intestinal function after ileorectal anastomosis but 
after the first week there is usually a phase in which 
liquid stools are frequently passed and the patient 
will need reassurance: codeine phosphate may be 
helpful. The more severe type of deterioration which 
occurred for a time in 5 of our patients can cause 
considerable anxiety to both patient and surgeon and 
requires energetic treatment. 


Late results 

The great majority of patients survive total colectomy 
and ileorectal anastomosis and some go on to enjoy 
a long-continued excellent result (Table X). It is the 
striking good health and normal life of these patients 
which make a number of surgeons feel that ileorectal 
anastomosis should be offered to some of their 
patients, perhaps especially children and young people. 
This age group in particular emphasizes the dilemma 
of the surgeon when considering this operation. On 
the one hand they enjoy some of the best results 
(Table X) and must especially benefit from the 
absence of an ileostomy as they join in sports, marry 
and have children. Thus far our experience supports 
the conclusions of others; 11 of our patients were of 
school age and 19 were below 23 years of age. Of 
these 19, 3 have died and 2 have required conversion 
to ileostomy, but the remaining 14 are all well and 
leading lives which are in no way different from those 
of their contemporaries. 

On the other hand, the possibility of carcinoma in 
the rectal stump does especially arise in children. 
Devroede et al. (1971, 1972) have drawn particular 
attention to the cumulative risk in children with 
ulcerative colitis treated medically. So far there is no 
evidence of a special risk among children with an 
ileorectal anastomosis, but the operation has only 
been adopted during the past 25 years and the patients 
operated on as children have many years yet to live. 

It is clear from Table X that children are not the 
only patients to secure a ‘good result’. This term is 
not accurately definable, but to us it means that a 
patient is enjoying good health, doing normal work 
and passing up to 6 stools in 24h. Jagelman et al. 
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Table XI: REVIEW OF THE LITERATURE: INCIDENCE OF CARCINOMA IN THE RECTAL STUMP AFTER 


| ILEORECTAL ANASTOMOSIS 


No. of Rectal 
No. of patients with Onset of appearance Operation to 
patients carcinoma of Age at symptoms to at development 
Author in series rectal stump ILA operation operation of carcinoma Result 
Cattell and Boehme _ 1 Gleosigmoid 27 12 yr Severe lyr APER 
(1947) anastomosis) active 
2 carcinomas disease 
found elsewhere 
in colon at first 
operation) 
Dennis and Karlson 41 2 8 yr Normal 4 yr Died 
(1952) Syr Radical proctectomy 
{no evidence of 
spread) 
Russell and Hughes } 3 cases: 
(1961) i } ileosigmoid — a — _ -l 
Hughes and Russell 1 ileocsigmoid 20 Syr ll yr Died 3 wk 
(1967) 1 ileorectal 18 7 yt 8 yr lleostomy; died | mth 
Hudson (1961) and 17 2 (at least | was ae — men mn oe 
Todd (1974) an ileosigmoid 19 6 yr Severe Ii yr APER (anaplastic 
anastomosis ulcerative tumour) 
colitis 
Muir (1966) i 22 3 yr Colitis 17 vr Extensive tumour. 
involving leostomy. Died 
rectum. No 
stricture 
Daly (1968) 1 _ ooo _ 7yr _ 
Sprechler and Baden 48 I om _ = _ Died 
(1971) 
Aylett (1971a, 461 12 20 16 yr Strictured 24 yr APER. Died 
1974, 1976} 30 6 wk wee l4 yr Died 
48 16 yr Strictured 54 yr APER. Died 3 yr 
later (no 
recurrence) 
ep 16 yr Strictured 24 yr APER. Died 
25 18 mth Acute lt yr APER. Alive and 
changes well 4 yr later 
51 18 yr Chronic 10 yr Palliative resection 
disease 
57 12 yr Chronic å yr APER. Died 
disease postoperatively 
Adson et al. (1972) 35 2 ~ 10 yr Refused operation. 
Died 
17 yr Died 
Yudin (1973) 55 } -l _ _ 
Ritchie (1974) 67 2 Gileosigmoid = on _ 
anastomoses) 
Grüner et al. (1975) 57 3 15 7 yr 7 yr Died 
24 14 yr 4yr Died 
20 10 yr 4yr Alive 





APER, Abdominoperineal excision of rectum. 


In 6 reports on the outcome of ileorectal anastomosis in 224 patients, no case of carcinoma of the rectal stump was found 
(Veidenheimer et al., 1970; Ribet et al, 1973; Vink and Beerstecker, 1973; Mignon et al., 1974; Smith et al, 1974; Jones et al., 


1977). 


(1969) suggested that surgeons may be more upset 
than their patients by high stool frequency and 
reports that 8-10 stools per day can be cheerfully 
accepted provided that general health is good. 
Newton and Baker (1975) compared the late results of 
ileorectal anastomosis in 92 patients who had had a 
total colectomy for ulcerative colitis with 45 who had 
had a colectomy for multiple polyposis. The average 
stool frequency each day in the former group was 4-5 
and 3-5 among the polyposis group. They considered 
that the state of the rectum had comparatively little 
influence on stool frequency: we agree with this, and 
find that some patients settle to having 2-3 stools 
per day whilst others with a similar rectal appearance 
have bowel movements 4-5 times per day. Stool 


consistency varies inexplicably from one patient to 
another. 

We are concerned that 20 per cent of our patients 
have required surgery for intestinal obstruction. 
Adhesive obstruction is always a considerable risk 
after total colectomy and Ritchie (1972) found that it 
occurred in 13 per cent of 246 patients at St Mark’s 
Hospital who had had total colectomy and ileostomy. 
With increasing experience of this complication after 
both ileorectal anastomosis and proctocolectomy, we 
have recently adopted prophylactic peroperative 
intubation of the whole small intestine (Baker, 1968) 
in the hope that it will prevent subsequent intestinal 
obstruction. The knowledge that the small bowel is 
kept decompressed and held by the internal splint in 


smooth curves is reassuring to the surgeon during 
convalescence, 

Fate of the rectal stump: In looking at the late results 
of ileorectal anastomosis it is important to separate 
patients with ulcerative colitis from patients with 
Crohn’s disease of the colon. 

The outcome for the individual who has a total 
colectomy for ulcerative colitis followed by ileorectal 
anastomosis is unpredictable, and in this regard it 
compares unfavourably with the excellent long term 
prospects of the patient who undergoes procto- 
colectomy. 

The problem of early relapse of inflammation in 
the rectal stump has already been mentioned, and 
in our experience this can cause considerable anxiety 
both to patient and surgeon. Occasionally this will 
need energetic treatment with sulphasalazine and 
systemic or topical corticosteroids; so far this has 
been effective and we have not had to perform rectal 
excision soon after operation. This early worsening 
of the state of the rectal stump may account for some 
of the variations in Table X, which shows great 
differences between centres in the number of rectal 
excisions performed for relapse. 

General wellbeing after ileorectal anastomosis is 
not closely related to the condition of the rectal stump. 
Some patients who show marked inflammatory 
changes on sigmoidoscopy and histological assess- 
ment nevertheless have a good continuing result. 
Nineteen of our 23 surviving patients have been 
followed for 5 or more years, 11 for more than 
10 years, and we have noticed some variation in 
inflammation in the rectum, especially in the 2-3 years 
after operation, with a tendency to stabilization of 
both rectal appearance and bowel function. Opinions 
vary on the effect of time. Aylett (1971) believes that 
the inflamed rectum improves after ileorectal anasto- 
mosis but Watts and Hughes (1970) found active 
rectal disease continuing in two-thirds of their 
patients. 

In a minority the state of the rectum deteriorates, 
either slowly or acutely, at some time after the 
ileorectal anastomosis, and when the consequent 
symptoms become intolerable and are not improved 
by medical treatment the rectum must be excised. 
This must always be a disappointment for both 
patient and surgeon but the adjustment to an ileostomy 
may be eased by the knowledge that it is essential for 
normal health. The need for these late resections of 
the rectum appears to be highest in those centres 
which have generous indications for  ileorectal 
anastomosis, in which it may be required by 30-40 
per cent of patients. On the evidence available we 
believe that ileorectal anastomosis should only be 
offered to patients who have mild rectal disease. 
Carcinoma arising in the rectum: This late complica- 
tion lies in a totally different category from late 
inflammatory change in the rectal stump, for two 
main reasons. First, carcinoma of the rectum is a 
potentially fatal condition, whilst late inflammation 
is a disappointment but will only very rarely lead to 
death before or at rectal excision. Secondly, car- 
cinomatous change in the rectum is, unlike late 
inflammatory deterioration, particularly likely to be 
an occult process unassociated with any noticeable 
change in the behaviour of the rectal stump, at least 
in the early curable stage. It is these two facts which 
must give concern to any surgeon using ileorectal 
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anastomosis and which must be considered most 
carefully before offering the operation to patients 
(who cannot generally be aware of or assess the 
risks involved). 

Table XI shows those cases of carcinoma in the 
rectal stump after ileorectal anastomosis which have 
been reported in the English literature. We have also 
added those reports which have listed the results of 
ileorectal anastomosis but in which no carcinomas 
have been reported. It appears from this that the 
incidence of recognized carcinomatous change in the 
rectum after ileorectal anastomosis is, at present, 
about 3 per cent. However, this figure is subject to 
the proviso that few of these operations were per- 
formed more than 20 years ago, and most of the 
patients are young with many years still to live, 
throughout which they are exposed to the risk of 
malignant change. It is important to be aware of the 
features of this change. 

1. Carcinoma arising in the colitic colon differs in 
several important ways from carcinoma arising in the 
previously normal colon. Instead of the usual ulcera- 
tive and proliferative changes the colitic carcinoma 
tends to occur without noticeable change in the 
appearance of the mucous membrane (Counsell and 
Dukes, 1952), although nodular and ulcerated forms 
are also seen (Cook and Goligher, 1975). Regular 
sigmoidoscopic inspection of the rectal stump, 
although essential, is not therefore so effective a 
safeguard as might be expected and must be supple- 
mented by the taking of biopsies at several sites in 
the rectum. 

2. When carcinoma occurs in the colitic colon it is 
distributed in a more general way than is the case 
when carcinoma occurs in a previously normal colon. 
Langman (1966) found that 76 per cent of carcinomas 
in the uninflamed large intestine occur in the sigmoid 
colon and rectum but that only 47-4 per cent of 
colitis carcinomas arise there. If, therefore, the whole 
sigmoid colon and several centimetres of upper 
rectum are removed at colectomy the risk of a 
carcinoma arising in the remainder of the rectum 
should be appreciably reduced. 

3. Aylett (1976) suggested that some of the car- 
cinomas in his series occurred because he performed 
ileorectal anastomosis on several patients in whom a 
rectal stricture had already formed. There is no 
information on whether a stricture would be especially 
likely to be the site of carcinoma. Cook and Goligher 
(1975) found that 18 of the 26 carcinomas they 
examined in colitic colons occurred in areas which 
were only mildly inflamed. 

The one conclusion which is quite clear is that 
regular sigmoidoscopic examination of the whole 
rectal stump is an essential sequel to ileorectal 
anastomosis. All the mucosa at risk of malignant 
change is available for biopsy, although visualization 
is often not easy because of the quantity of soft 
faeces lying in the rectum. We aim to take biopsies at 
several levels in an effort to detect possible areas of 
premalignant change and, in addition, we test the 
resilience of the mucosa with the tip of the sig- 
moidoscope. 

All these biopsies have been searched for evidence 
of precancer. Although precancerous change in rectal 
biopsies has been of some value in the detection of 
carcinoma in the colitic colon (Morson and Pang, 
1967), the value of this change as an indicator of 
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existing or impending carcinoma of the rectal stump 
has not so far been evaluated. 

In conclusion, it is clear that the risk of car- 
cinomatous change is real if infrequent. The surgeon 
has to strike some balance between recognizing the 
considerable number of patients who can benefit 
from ileorectal anastomosis and the risk to which he 
subjects his patient by leaving the rectal stump in 
situ. No clear-cut judgement can be offered and each 
surgeon must decide this issue for each individual. 


Hleorectal anastomosis in Crohn’s colitis 

The possibility of performing ileorectal anastomosis 
in the presence of Crohn’s colitis is not likely to arise 
often and occurred only 4 times in our 36 patients. 
This is not surprising because Crohn’s disease has a 
particular tendency to affect the anus and these 
changes often completely contraindicate preservation 
of the rectum. 

Of the 4 patients mentioned, one had to have the 
rectum excised for recurrent disease and later there 
was a recurrence of the disease in the small intestine— 
possibilities which exist for every patient. Most 
reports show a high recurrence rate because the patient 
retains the rectum and the small intestine and these 
are both common sites for the occurrence of Crohn’s 
disease. Our own patient illustrated this by developing 
severe perianal suppuration and, later, recurrence of 
Crohn’s disease in ileum and jejunum. 

In Birmingham, Alexander-Williams et al. (1974) 
performed 41 total colectomies for Crohn’s colitis 
with ileorectal anastomosis. They had an unusually 
high leakage rate (22 per cent) in the early stages of 
the series (Burman et al., 1971), in half of the group 
(20) disease recurred and 16 required further resection. 
Thirteen of the group had to be given a permanent 
ileostomy and 5 required further resection of the 
small intestine. On the other hand, 21 patients showed 
no evidence of recurrence and 18 had an excellent 
result. 

Baker (1971) reviewed the results at St Mark’s 
Hospital where 28 patients had received an ileorectal 
anastomosis. Only one patient suffered a leak but 
one died from postoperative bleeding. Only 5 of the 
28 were considered to have a good result after } year, 
although another 14 were in good health with the 
help of adjuvant treatment. Three patients had 
required late excision of the rectum. Of the 25 
patients who could be examined in detail, only 4 were 
considered entirely free of evidence of any recurrence 
and of the other 21, 12 had evidence of recurrent ileal 
disease. 

The prospect in Crohn’s colitis is, therefore, 
uncertain and there is always the chance of recurrence. 
This appears to diminish as time passes, and if it 
occurs late it is more likely to respond to medical 
treatment (Alexander-Williams et al., 1974). The 
Birmingham group are sufficiently impressed with 
the results among the 50 per cent of patients who do 
well to make them feel that it is worth while to per- 
severe with the use of ileorectal anastomosis when it 
is indicated. 


Conclusions 

The surgeon who is considering performing an 
ileorectal anastomosis after total colectomy for 
colitis has to strike a balance between the severe 
complications which occur in a minority of patients 


and the normal life without an ileostomy which is the 
result in the majority. In reaching a decision, it is 
helpful to have a clear statement of the advantages 
and disadvantages of the procedure. 


Advantages 

1. For all patients, but especially for the young, the 
outstanding advantage is the absence of an ileostomy. 
Most have a stool frequency of less than 6 in 24h 
and incontinence is very unusual. 

2. A few patients refuse to have an ileostomy and 
ileorectal anastomosis then allows them the benefit of 
total colectomy. The availability of ileorectal anasto- 
mosis enables the surgeon to offer earlier operation 
when a patient is seriously disabled but not to quite 
the extent that would justify permanent ileostomy: 
this can be of great value when a child has lost a fair 
amount of school time, or an adult is losing work and 
is failing to respond to medical treatment. 

3, The pelvic autonomic nerves are not disturbed 
so there is no likelihood of impairment of sexual or 
bladder function. 

Disadvantages 

1. Most patients have some increased stool fre- 
quency. 

2, Every patient must remain on permanent 
annual review at hospital with sigmoidoscopy. This 
contrasts with the fact that a patient with ulcerative 
colitis can usually be discharged a year or two after 
proctocolectomy. 

3. The outcome of the operation is unpredictable. 
Good results are not necessarily obtained in those 
patients with mild preoperative disease. A minority, 
about 10 per cent, are likely to suffer so severe a 
relapse of rectal inflammation that excision of the 
rectum and ileostomy become necessary. 

4. In patients with ulcerative colitis a carcinoma 
may develop in the rectal stump and this may, but 
it may not, be preceded by warning precancerous 
changes in rectal biopsies. Carcinoma has affected 
one in 30 of the patients with ileorectal anastomosis 
so far reported. If patients attend for annual sig- 
moidoscopy it is likely to be recognized in time for 
radical excision but recognition is not easy and 
defaulters from follow-up are likely to have advanced 
disease before they present. 

It is reasonable, in conclusion, to consider whether 
the preparation of this review has led to any change 
in our practice. We remain most favourably impressed 
with the normal health of the majority of patients 
with an ileorectal anastomosis and we continue to 
believe that it should be offered to suitable patients. 
However, we are more conscious of the risk of 
development of carcinoma of the rectum in patients 
with ulcerative colitis and we feel it to be of special 
importance that patients should be available for and 
willing to undergo annual sigmoidoscopic examina- 
tion. 
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The effect of the surgical approach on respiratory 


function after oesophageal resection 
J. BLACK, G. J. KALLOOR AND J. LEIGH COLLIS* 


SUMMARY 

Respiratory function has been studied in 32 consecutive 
patients having oesophageal resection to determine the 
overall pattern and to compare the effect on it of two 
standard surgical approaches. Eighteen patients had a 
left thoraco-laparotomy and 14 a laparotomy and 
separate right thoracotomy. 

The two groups were similar in age, sex, chest 
symptoms and smoking habits. The average operative 
time and amount of blood transfused were almost 
identical. 

Arterial Po, and PCO, were determined before 
surgery and on the first and third postoperative days. 
Spirometry was done preoperatively and on the 
thirteenth day after operation. 

Before operation respiratory function was similar in 
the two groups. On the first postoperative day both 
groups showed a pronounced fall in arterial Po., with 
partial recovery on the third day. This recovery was 
significantly greater in the double incision group 
(t = 2:64, P<0-02). Mean Pco, levels altered less 
markedly, there being a small rise on the first day, 
with a fall to below normal on the third. There was no 
difference between the groups in PCO. Vital capacity 
and I-second expiratory volume were reduced on the 
thirteenth day in both groups, but without a significant 
difference between the groups. 

Two patients died of pulmonary embolism, but the 
others recovered satisfactorily. It is concluded that: 

l. There is pronounced hypoxaemia in the first few 


days after oesophageal resection in the majority of 


patients. This is consistent with a satisfactory clinical 
state. 

_ 2. The double incision laparotomy and right thoraco- 
tomy approach affects respiratory function less than 
left thoraco-laparotemy. When technically feasible it 
may be preferable in patients with respiratory impair- 
ment. 


RESECTION of the oesophagus for malignant disease 
carries an appreciable mortality. Anastomosis of the 
oesophagus is technically difficult and leakage is more 
frequent than at other sites. With increasing experience 
in specialist units, deaths from technical failure can 
be much reduced (Collis, 1957). However, the patients 
tend to be elderly and are prone to cardiovascular and 
pulmonary complications. There remains a residual 
mortality of the order of 10 per cent from these causes 
(McKeown, 1973). 

Respiratory failure after oesophagectomy is a most 
dangerous complication. In the practice of the senior 
author (J. L. C.) no patient requiring artificial venti- 
lation after this operation has survived. Patients with 
severe respiratory impairment are excluded pre- 
operatively as far as possible, but with the age group 
involved lesser degrees of disability are common. 
Such patients are prone to respiratory problems. 

Besides clinical criteria, respiratory function tests, 
particularly blood gas analysis, are used in the 
postoperative assessment of such patients. It is clearly 


desirable to pick out those on the verge of respiratory 
failure, so that they may be given more vigorous 
treatment and hopefully artificial ventilation avoided. 
To do this it is necessary to know the usual pattern 
of respiratory function in patients behaving satis- 
factorily after resection. It was therefore decided to 
investigate prospectively postoperative respiratory 
function in a series of patients having surgery for 
oesophageal cancer. 

The approach to the oesophagus is primarily 
dictated by the level of the lesion, but there are 
borderline cases for whom more than one route may 
be suitable. It is possible that the approaches may 
differ in their effect on respiratory function and hence 
one may be preferable in patients with impaired 
respiratory reserve. The results have been compared 
in groups of patients having one of two standard 
approaches. 


Patients and methods 

In a unit with an interest in oesophageal disease all patients 
with malignant disease of the thoracic or abdominal oesaphagus 
were treated surgically unless there was evidence of metastases 
or they were considered unfit for thoracotomy on account of 
age or infirmity. The approach depended on the level of the 
lesion. 

Lesions of the lower third where the anastomosis would be 
below the left pulmonary vein were approached by a left 
thoraco-laparotomy. An oblique incision extended from the 
linea alba to the erector spinae, excising a rib and dividing the 
costal margin and diaphragm. No attempt was made to 
conserve the nerve supply to the diaphragm by peripheral 
division, but the edges were turned in on closure to tense the 
paralysed portion. 

Patients with middle third lesions had a Lewis (1946) 
approach with two separate incisions: a long left upper 
paramedian and a right thoracotomy excising a suitable rib. 
The laparotomy was done first and the patient was turned for 
the second stage. 

Thirty-two consecutive patients in whom resection was 
successfully performed were studied. The primary tumour was 
removed whenever possible unless there were liver secondaries 
or peritoneal carcinomatosis. Glandular involvement was not 
a contraindication to resection. Many of the excisions must 
thus be regarded as palliative. 

Eighteen patients had a left thoraco-laparotomy and 14 a 
laparotomy and right thoracotomy. There was a slight male 
preponderance in both groups (Table I). The average ages 
and the ranges are shown in Table I. There was no significant 
difference between the groups in age. 

The pathology of the lesions is shown in Table IH. As would 
be expected, there were rather more adenocarcinomas in the 
left thoraco-laparotomy group. Replacement of the oeso- 
phagus was by oesophagogastrostomy in most cases. Six 
patients undergoing thoraco-laparotomy had a total gastrec- 
tomy in addition to excision of part of the oesophagus, 
and in these cases Roux loop oesophagojejunostomy was 
performed. 

Respiratory function was assessed by blood gas analysis 
and by spirometry. Arterial blood samples were obtained 
preoperatively and on the first and third postoperative days. 
All the operations were done as the first case on a list starting 
at 9a.m. and the postoperative blood samples were taken 
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the patient’s chances of survival. 
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between 9 and 10 a.m. on the morning of the appropriate days. 
The time interval was thus between 24 and 25 h after the start 
of the operation for the first day specimens and between 72 
and 73 h for the third day specimens, The patients were breath- 
ing room air at the time of arterial puncture and had not had 
opiate analgesia within the preceding 4h. The samples were 
taken into glass syringes, sealed and transported in ice to the 
laboratory for determination of the partial pressure of oxygen 
and carbon dioxide (Po, and Pco,). The haemoglobin con- 
centration was also measured. 

Spirometry was done before operation and on the thirteenth 
postoperative day, just before discharge. It was performed by 
physiotherapists trained in the use of a Vitallograph machine. 
The indices measured were the forced vital capacity (FVC) 
and the l-s expiratory volume (FEV). These give some 
indication of restrictive and obstructive airway disease 
respectively. 

Several factors influence respiratory function in patients 
undergoing surgery, including age, smoking habits and the 
presence of chronic bronchitis (Marshall and Wyche, 1972). 
Patients were questioned as to their cigarette consumption 
and whether they had bronchitic symptoms (Tables HI and IV). 
More than half the patients did not smoke but a quarter had a 
chronic cough. Only 2 patients could be termed chronic 
bronchitics. There was no difference in smoking habits or 
chest symptoms between the groups. 

The time spent on the operating table affects respiratory 
function postoperatively (Marshall and Wyche, 1972). The 
time taken for each operation, from incision to last skin suture, 
was therefore noted (Table V). The times were similar for 
each approach, the mean being almost exactly 4 h. 

Transfused blood has an increased affinity for oxygen and 
hence affects arterial Po, (Bowen and Fleming, 1974). The 
average volume transfused to each group of patients was 
remarkably similar (Table VI). 

The patients assigned to each approach were thus com- 
parable in age, sex, cigarette smoking, chest symptoms, 
operative time and volume of blood transfused. 

Postoperative management and nursing care were similar 
for each patient. After operation the patient was returned to 
a general ward. Emphasis was placed on vigorous breathing 
and coughing, and the physiotherapist was a key member of 
the team. All the patients received ampicillin and streptomycin 
intramuscularly for 5 days after operation. 

There were 2 hospital deaths, one from each group, and 
both from massive pulmonary embolism proved at necropsy. 
These occurred on the eighth and ninth days respectively after 
operation. These 2 patients are included in the blood gas 
figures but not in the spirometry results as they did not have a 
second recording. 


Results 

The combined results of blood gas analysis in all the 
patients are shown in Fig. 1. The mean Po, before 
operation was 11-63 kPa (87-2 mmHg). On the first 
postoperative day this had fallen to 8-25 kPa (61-9 
mmHg), a significant difference (t = 6-25, P< 0-001). 
By the third day the mean Po, had risen to 9-92 kPa 
(74-4 mmHg), this figure being significantly different 
from the preoperative level (P<0-02) and from the 
first day level (P< 0-05). 

The preoperative mean Pco, was 4:93 kPa (31:9 
mmHg). This rose to 5-18 kPa (38-8 mmHg) on the 
first day, but the difference is not statistically signi- 
ficant. On the third day the mean Pco, fell to 4-33 kPa 
(32-5 mmHg), which is significantly different from 
the preoperative level (P < 0-02) and the first day level 
(P<0-01). 

The results with the left thoraco-laparotomy group 
separated from the laparotomy and right thoracotomy 
group are shown in Fig. 2. The mean Po, was very 
nearly the same in each group before operation 
(11-67 and 11-58 kPa). On the first postoperative day 
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Table I: AGE AND SEX OF PATIENTS 
Left thoraco- Laparotomy and 


laparotomy right thoracotomy 
Number of patients 18 14 
Males 10 8 
Females 8 6 
Age 
Mean 64-7 626 
Range 58-75 51-74 
Table HH: PATHOLOGY 
Left Laparotomy and 
thoraco-laparotomy right thoracotomy 
Squamous carcinoma 5 9 
Adenocarcinoma 12 5 
Leiomyosarcoma 1 


Table TI: SMOKING HABITS 


No. of cigarettes Left Laparotomy and 
smoked/d thoraco-laparotomy right thoracotomy 

None 9 8 

0-10 5 2 

10-20 3 3 

20+- ] j 





Table IV: CHEST SYMPTOMS 


Left Laparotomy and 
thoraco-laparotomy right thoracotomy 


None 13 10 
Mild cough 4 3 
Bronchitic i 1 





Table V: TIME FROM INCISION TO LAST SKIN 
SUTURE 
Laparotomy and 


Left thoraco-laparotomy right thoracotomy 


Time 
Mean 3 h 56 min 
Range 3h 15 min to 5 h 30 min 


4h 4 min 
3h 10 minto6h 


Table VI: AMOUNT OF BLOOD TRANSFUSED 


Left Laparotomy and 
thoraco-laparotomy right thoracotomy 


Blood (units) 


Mean 4:78 4-71 
Range 3-6 3-6 





the patients with a right-sided approach had a higher 
Po, (8:51 kPa) than those with a left-sided approach 
(8-04 kPa), but the difference is not significant. On the 
third day the right-sided group (11-13 kPa) again had 
a higher Po, than the left-sided group (8-97 kPa). 
This difference is significant (t = 2-64, P<0-02). The 
pattern of alteration in Pco, was very similar in the 
two groups, there being no significant difference at 
any stage. 

The haemoglobin results are shown in Table VII. 
The figures show a rise on the first postoperative day 
with a drop to near the preoperative levels on the third 
day. There is no significant difference between the 
groups at any stage. 

The spirometry results are shown in Fig. 3. The 
group having a left-sided approach initially had higher 
volumes than those with a right-sided approach. On 
the thirteenth day there was a reduction of both 
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Fig. 1. Blood gas analysis results for all 32 patients (mean £: 
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Fig. 2. Blood gas analysis results comparing the two groups. 
L, Left thoraco-laparotomy; R, laparotomy and right 
thoracotomy. 
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Fig. 3. Spirometry results for 30 patients comparing the two 
groups. L, Left thoraco-laparotomy; R, laparotomy and 
right thoracotomy, 


Table VH: HAEMOGLOBIN LEVELS 


Left Laparotomy and 

Time thoraco-laparotomy right thoracotomy 
Preoperative 13140-43 1364-0-52 
First day 152-40-50 150-4043 
Third day 1364+045 1374039 





Results given as mean +s. e. mean in g/dl. 


Table VIII: RESULTS OF SPIROMETRY 

(30 PATIENTS) 
Left thoraco- Laparotomy and 
laparotomy right thoracotomy 


FVC on thirteenth day . , 
a A 66°. 3° 

FVC preoperatively Ca ee on 
FEV, on thirteenth day 


a A : 3. 
FEV, preoperatively Co) 619 63-0 


indices in each group to about two-thirds of the 
preoperative level (Table VHD. The preoperative 
relationship between the groups was maintained on 
the thirteenth day, but the difference before or after 
operation is not statistically significant. 


Discussion | 

This study set out to determine the pattern of altera- 
tion in arterial blood gas tension and spirometry 
volumes after resection of the oesophagus, and to 
compare the effect of left thoraco-laparotomy with 
laparotomy and right thoracotomy. 

A pronounced depression in arterial Po, has been 
demonstrated on the first postoperative day which 
had only partially recovered by the third day. Post- 
operative hypoxaemia is well known after many 
sorts of surgery and was comprehensively reviewed 
by Marshall and Wyche (1972). After minor surgery 
the effect persists for a few hours only, but after an 
upper abdominal operation it lasts for up to 3 days. 
All the patients in this study had both the chest and 
abdomen opened and would therefore be expected 
to show deeper and more prolonged hypoxaemia 
than patients having laparotomy alone. The mean 
Po, on the first postoperative day was 825 kPa 


+ 


(61-9 mmHg) in 32 patients. At this time a few 
patients had a Po, below 7 kPa (525 mmHg) and 
were comfortable and clinically satisfactory. On 
several occasions the investigation was repeated with 
the production of an identical low reading. It is felt 
that clinicians caring for patients after oesophageal 
resection should be aware that a considerable degree 
of hypoxaemia is usual in the first 3 days, and is 
consistent with a satisfactory clinical state. In parti- 
cular, a low Po, is not in itself an indication for 
respiratory assistance. 

The Pco, was slightly elevated on the first post- 
operative day, but not significantly so. This may 
indicate a small reduction in ventilation but not 
enough to account for the hypoxaemia. By the third 
day the Pco, had dropped to below the preoperative 
level, perhaps indicating the beneficial effect on 
ventilation of intensive physiotherapy. 

Several mechanisms have been put forward to 
account for postoperative hypoxaemia, including 
atelectasis (Marshall and Wyche, 1972), ventilation- 
perfusion mismatch (Nunn and Payne, 1962), airway 
closure (Alexander et al, 1971) and shunting 
(Diament and Palmer, 1967). It is likely that all of 
these are involved, a low ventilation—perfusion ratio 
resulting from airway closure and atelectasis giving 
rise to an atelectatic shunt. Perfusion of poorly 
oxygenated areas of lung results in the low arterial 
Pos. Atelectasis itself may result from a number of 
anaesthetic as well as surgical insults. Areas of 
collapse may be caused by handling and retraction of 
the lung or may result from obstruction of the smaller 
airways. This airway obstruction may be due to plug- 
ging with secretions or collapse of the bronchiolar 
wall in the emphysematous patient. Postoperatively, 
restriction of chest movement and reluctance to 
cough because of pain will predispose to stasis of 
secretions and failure to expand some areas of lung. 
Atropine and a few other anaesthetic drugs (e.g. 
phenoperidine) inhibit ciliary activity in the bronchial 
tree, and thus prevent adequate clearance of secretions. 

_ The two groups of patients studied here were very 
similar with regard to factors known to affect respira- 
tory function, namely age, sex, chest symptoms, 
smoking habits, operative time and volume of 
transfused blood. There was a significant difference 
between the Po, levels on the third postoperative 
day, the double incision group having recovered 
better. As there was no difference in Pco, values this 
discrepancy cannot be due to greater impairment of 
ventilation in the left thoraco-laparotomy group. 
Division of the costal margin sometimes causes pain 
postoperatively, but this would presumably produce 
hypoxaemia only by the effect on ventilation. The 
diaphragm was divided in the left thoraco-laparotomy 
group and was at least partially paralysed despite 
attempts at splinting. The airway closure mechanisms 
may be particularly important in the production of 
hypoxaemia when the diaphragm is not moving 
properly (Alexander et al., 1971). 

It would appear that the laparotomy and right 
thoracotomy approach affects respiratory function 
less than thoraco-laparotomy. In the occasional 
patient with respiratory impairment in whom slight 
alterations in Po, are important, it would seem logical 
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to prefer the laparotomy and right thoracotomy 
approach. The Lewis approach is applicable to most 
lesions which do not involve the diaphragm, although 
it may not be possible to clear lymph nodes so 
thoroughly in a lower third lesion as with a left 
thoraco-laparotomy. Making two incisions did not 
lengthen the operative time, nor was more blood 
replacement necessary. When the quicker recovery 
from postoperative hypoxaemia is taken into account, 
the Lewis approach is seen to be slightly less trau- 
matic to the patient than left thoraco-laparotomy. 
There is nothing to be gained by doing a technically 
awkward operation by left thoraco-laparotomy on a 
high lower third tumour. The patient would be no 
more upset by a laparotomy and right thoracotomy. 

The haemoglobin figures show that blood loss was 
accurately assessed and correctly replaced, because 
the third day levels were practically identical with 
the preoperative levels. The higher levels on the first 
day presumably reflect a degree of haemoconcentra- 
tion due to relative dehydration. This was fully 
resolved by the third day. There was also no anaemic 
element to the hypoxaemia. 

Spirometry showed no difference between the 
groups. In all cases there was a considerable reduction 
in volumes on the thirteenth day, to about two-thirds 
of the preoperative levels. Spirometry requires a high 
degree of patient cooperation and is not applicable 
in the first few days after major surgery. 

In conclusion, this study has demonstrated marked 
postoperative hypoxaemia in patients having resection 
of the oesophagus. This recovers more quickly in 
patients having separate laparotomy and right 
thoracotomy than in those having left thoraco- 
laparotomy. The former would appear to be slightly 
less traumatic than the latter. 
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Giant diverticula of the colon 


R. CAMPRODON, J. A. GUERRERO, C. G. MENDOZA AND C. 


SUMMARY 

A case of a gas-filled intra-abdominal abscess cavity 
is reported. The literature is reviewed for similar cases 
and with reference to the cause and differential 
diagnosis of abdominal air cysts. 


THE incidence of colonic diverticula increases with 
age. They can be found in 35 per cent of people 
over 60. Operation is mostly required for compli- 
cations, e.g. inflammatory mass, bleeding, perforation, 
fistula or intestinal obstruction. Exceptionally large 
diverticula are rare. 

Hughes and Green (1953) first described a ‘solitary 
air cyst’ located at the mesenteric border of the 
sigmoid colon. A review of the literature showed that 
in the succeeding 20 years, only 15 cases of this kind 
have been described under various titles, such as 
‘giant air cysts’, ‘giant sigmoid diverticula’ and 
‘intestinal air cysts’. 

The case presented here is of interest as it illustrates 
a rare instance of giant sigmoid diverticula, the 
diagnosis of which was made by barium enema 
examination. 


Case report 

The patient, a male aged 68, was admitted to the emergency 
service at the Ciudad Sanitaria ‘Francisco Franco’ in Barcelona 
in July 1971, complaining of acute abdominal pain. There 
was a 5-day history of urinary frequency, nausea and vomiting. 
On admission the pain was located at the hypogastrium and 
left lower quadrant. Physical examination showed abdominal 
distension with tympanism. The laboratory tests revealed a 
WBC count of 9800 with 84 per cent neutrophils, 14 per cent 
lymphocytes and 2 per cent monocytes with abundant toxic 
granulations. Plain radiography of the abdomen showed some 
gas on the left side. 

A clinical diagnosis of sigmoiditis was made and the patient 
was started on antibiotics. 

As the clinical symptoms improved, a barium enema on 
the seventeenth day showed the sigmoid diverticula and a 
large, rounded gas translucency nearby, both in the left lower 
quadrant (Fig. 1). During the X-ray exploration the barium 
could be seen partly filling the gas area and different levels in 
its interior were noted (Fig. 2). Finally, it was possible to see 
the point of communication between the cystic area and the 
intestinal lumen (Fig. 3). 

A laparotomy was carried out through a midline incision. 
An abscess was found between the mesentery and mesocolon, 
and a sigmoid resection with end-to-end anastomosis was 
performed. 

The microscopic examination of the cyst wall revealed that 
it was devoid of epithelium. 


Discussion 

As in the majority of reported cases, the point of 
communication between the cyst and the intestinal 
lumen could be seen. Various causes were considered: 
(a) pneumatosis cystoides intestinalis, though rare at 
this level; (b) cystic formation, comparable to a 
pancreatic cyst; (c) occlusion of the neck of a 
diverticulum forming a valvular fistula which 
permitted the passage of gas in one direction; 
(d) inflammatory obstruction of the diverticular neck, 
closing the communication with the intestinal lumen 


CRESPO* 





Fig. 1. Barium enema showing sigmoid diverticula and a 
large gas image above the sigmoid. 


(the amount of intradiverticular gas could be in- 
creased due to the presence of anaerobic bacteria); 
(e) false cyst or abscess formation following a 
perforated sigmoid diverticulum—in this case a 
localized peritonitis will follow the perforation with 
formation of a pericolic abscess. In the present case 
we believe that this last possibility could be the 
answer. 


Table I: DIFFERENTIAL DIAGNOSIS OF 
ABDOMINAL AIR CYSTS 


Gallbladder 

Cholecysto-enteric fistula 

Emphysematous cholecystitis 
Small bowel 

Meckel diverticulum 

Jejunal diverticulum 

Intestinal replications 
Pneumatosis cystoides intestinalis 
Urinary bladder 

Vesico-enteric fistula 

Emphysematous cystitis 
Abscess 

Infected pseudopancreatic cyst 
Large bowel 

Volvulum of the caecum or sigmoid 

Replication 

Sigmoid diverticulum 
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a 
Fig. 2. The barium can be seen filling the gas cavity. 





Fig. 3. The communication between the cystic cavity and 
the intestinal lumen can be observed. 





In its development, the cystic cavity has a tendency 
to lose its communication with the intestinal lumen 
and erroneous interpretation of ‘gaseous cysts’ may 
occur. The differential diagnosis of an abdominal 
gaseous cyst is detailed in Table J. 

Kempczinski and Ferruci (1974) thought that the 
gallbladder could frequently lead to the formation 
of an intra-abdominal gaseous cyst. The correct 
identification could be easily made by the discovery 
of gas in the normal position of the gallbladder in the 
right upper quadrant. It is not the same when the gas 
is found inside a Meckel diverticulum (Lerner et al., 
1953) because it is normally located in the hypogas- 
trium, making the differential diagnosis more difficult. 

Finally, in a pancreatic abscess, its retroperitoneal 
localization together with the clinical history and 
laboratory data would be helpful in making the 
diagnosis. 
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The value of ultrasonic B-mode scanning in the 


diagnosis of persistent jaundice 
P. R. ARMITSTEAD, N. V. ADDISON AND O. J. FOLLOWS* 


SUMMARY 

The use of ultrasonic B-mode scanning of the liver and 
biliary tract in patients with persistent jaundice is 
described. Sixty-seven consecutive jaundiced patients 
have been scanned, A correct diagnosis was obtained in 
66 per cent, useful information in 26 per cent and in 
only & per cent was the information misleading or of 
no diagnostic value. In our opinion this simple and non- 
invasive technique is of great value in the definitive 
diagnosis of persistent jaundice and should allow earlier 
surgery in the obstructive cases. 


THE surgical relief of obstructive jaundice should be 
undertaken at an early stage if mortality and morbi- 
dity are to be reduced (Lee, 1975). However, it may 
be difficult to differentiate between late hepatocellular 
and obstructive jaundice on clinical and biochemical 
analysis alone. Techniques such as transhepatic chol- 
angiography, duodenal endoscopy with retrograde 
pancreatography (Blumgart et al., 1974) and selective 
angiography have been utilized to arrive at a diag- 
nosis. While these methods are frequently useful they 
are not without risk and are often only available in 
specialized units. Ultrasonic scanning, a non-invasive 
imaging procedure, is now used in the diagnosis of a 
wide variety of abdominal conditions. Its value in 
differentiating obstructive from non-obstructive jaun- 
dice and in providing information as to the site and 
nature of any obstructive lesion forms the basis of 
this paper. 


Patients and methods 

Sixty-seven consecutive patients with persistent jaundice who 
were admitted to Bradford Royal Infirmary for investigation 
were studied. Their age distribution ranged from the fourth 
to the ninth decade, there being 40 males and 27 females. 
Clinical jaundice had been present for 2 weeks in 23 patients, 
3-4 weeks in 29 patients and 5-8 weeks in 15 patients. The 
jaundice had been associated with pain of varying degree in 
42 of the 67 patients (63 per cent). 

On admission, standard biochemical investigations were 
carried out in all patients. Oral cholecystography or intra- 
venous cholangiography was not possible in view of the 
degree of jaundice. Ultrasonic B-mode scanning of the hepa- 
ticobiliary tract and pancreas was performed soon after 
admission using a Diasonograph NE 4102 without grey- 
scale modification. A liquid paraffin coupling agent was used 
on the skin of the upper abdomen and scanning performed 
in longitudinal, transverse and oblique sections. No special 
preparation was necessary other than fasting and the patients 
experienced no discomfort during the procedure. 

The patients were further investigated as necessary, $7 
patients finally coming to laparotomy. A definitive diagnosis 
was reached in 65 of the 67 patients (97 per cent) and is shown 
in Table I. Twenty of the 67 patients (30 per cent) died during 
the immediate postoperative period. 


Results 

The gallbladder was identified on scanning in 62 of 
the 67 patients (92:5 per cent). In 4 of the 5 patients 
in whom the gallbladder was not seen previous chole- 
cystectomy was known to have been carried out. The 
gallbladder, on scanning, was reported to be enlarged 


in 31 of the 67 patients (46 per cent) and this was 
confirmed at laparotomy in 28 patients (90 per cent). 
Gallstones were reported to be present in the gall- 
bladders of 27 patients but these were confirmed in 
only 19 patients. Unfortunately in 2 patients in whom 
stones had been reported on scanning no definitive 
diagnosis was reached as one discharged herself from 
hospital and the other died in congestive heart failure. 
However, there were still 6 false-positive scans for 
gallstones. 

Thirty-eight patients (57 per cent) appeared to have 
dilated extra- and/or intrahepatic bile ducts on the 
sonar scan and were therefore assumed to have chole- 
static jaundice. This was confirmed at operation in 
36 of the 38 cases (95 per cent). In 5 of the 38 patients 
with dilated bile ducts stones were actually identified 
within the common bile duct on scanning. At opera- 
tion a further 11 patients were later shown to have 
duct stones which were causing their obstructive 
jaundice. However, in 8 of these 11 patients stones 
had been identified in the gallbladder, thus suggesting 
calculus disease. In a further 11 of the 38 patients with 
dilated bile ducts (30 per cent) pancreatic abnorm- 
alities were seen on scanning. Eight of these patients 
were later shown to have carcinoma of the head of 
the pancreas. 


Table 1: FINAL DIAGNOSIS OF 67 PATIENTS WITH 
PERSISTENT JAUNDICE 


Obstructive jaundice 

Carcinoma of head of pancreas 
Ampullary carcinoma 

Carcinoma of bile duct 

Carcinoma of gallbladder and glands 
Malignant glands in porta hepatis 
Biliary duct calculi 

Gallbladder stones (no duct stones) 


he 
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Hepato-cellular jaundice 

Carcinoma of liver, primary and secondary 
Chronic aggressive hepatitis 

Drug-induced jaundice 

Cirrhosis l 

No diagnosis 


Ne 
Ste Aw 


Total 


In 29 of the 67 patients (43 per cent) scanning did 
not show dilated bile ducts. Calculi were identified, 
however, either in the gallbladder and/or the bile 
ducts of 15 of these patients. In a further 2 patients 
filling defects in the liver were found; both patients 
were later shown to have hepatic metastatic malignant 
disease. The remaining 12 patients were considered 
to have a normal hepaticobiliary tract. | 


Discussion 

The use of ultrasound in the differential diagnosis of 
obstructive jaundice was described by Taylor et al. 
in 1974. In a further report (Taylor and Carpenter, 
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1974) they claimed an accuracy rate exceeding 90 
per cent. In a previous paper from this unit (Addison 
et al., 1976) ultrasonic B-mode scanning in the ab- 
sence of jaundice was shown to compare favourably 
with oral cholecystography in demonstrating calculi 
in the biliary tract. Its potential use in the presence 
of persistent jaundice when conventional radiography 
is not feasible was also suggested. 

Although in many patients the clinical presentation 
and biochemical investigations are strongly sugges- 
tive of cholestasis, they are frequently equivocal, and 
significant doubt remains as to the nature of the 
jaundice. For example, in this series 6 of 23 patients 
with gallstones causing persistent jaundice claimed to 
have had no pain associated with their illness and 
only 14 of 31 patients (45 per cent) with jaundice due 
to carcinoma of the pancreas or common bile duct 
were found to have a clinically palpable gallbladder. 
One patient, a young woman with suspected hepa- 
titis, had been admitted to an infectious diseases unit 
with a bilirubin level of 110 umol/l and an alkaline 
phosphatase level of 15 KA units. Other liver enzymes 
were also markedly raised (ASD> 200 i.u./l; LD 
1000 i.u./l). However, a sonar scan showed her to 
have gallstones (Fig. 1) and at subsequent laparotomy 
a stone was removed from the lower end of the com- 
mon duct, together with the gallbladder which also 
contained stones. 

Visualization on scanning of dilated intrahepatic 
bile ducts (Fig. 2) is indicative of obstruction to the 
biliary tree. When the gallbladder is also seen to be 
distended the obstruction is presumably of the com- 
mon bile duct and can therefore be at least assumed 
to be amenable to a surgical bypass procedure. This 
is useful information when deciding on surgical inter- 
vention. In many such cases abnormalities of the 
pancreas can be identified, suggesting extrinsic com- 
pression by carcinoma. Fig. 3 shows the ultrasono- 
gram of a jaundiced patient who was thought to have 
liver disease secondary to her chronic ulcerative 
colitis. The scan, however, showed the features of 
obstructive jaundice with a dilated common bile duct. 
At laparotomy a carcinoma of the bile duct was 
found; an en bloc resection, including the gallbladder, 
was carried out and a hepaticodochojejunostomy was 
performed. 

The demonstration of a normal-sized gallbladder 
containing bile with no dilatation of the biliary tree 
is particularly valuable in the jaundiced patient. It is 
in such cases that sugical intervention has little to 
offer and may indeed be detrimental in hepatitis and 
cirrhosis. Not’ infrequently the liver is found to be 
replaced by homogeneous areas suggesting meta- 
static tumour from a distant primary. Indeed ultra- 
sound has already been reported for use in monitoring 
the response of hepatic metastases to chemotherapy 
(Gilby and Taylor, 1975). 

In this inital series of jaundiced patients it is 
apparent that not all the patients with obstructive 
jaundice were seen to have dilated bile ducts on 
scanning. The identification of gallstones in such 
patients can provide useful information as to its 
probable aetiology. The difficulties of identifying 
calculi, particularly in the small contracted gall- 
bladder in which there is little free bile, are reflected 
in the 6 false positives which occurred. However, a 
correct diagnosis was obtained by ultrasonic scanning 
in 66 per cent of cases and useful information in a 


Ultrasonic B-mode scanning 


Fig. 1. Sonar scan showing gallstones (arrow) in the 
gallbladder of a patient with persistent jaundice thought 
to be due to hepatitis. 


Fig. 2. Sonar scan showing a distended gallbladder 
(arrow) with dilated intrahepatic ducts above and to 
the left. 


Fig. 3. Sonar scan showing a dilated gallbladder and 
below this a dilated common bile duct (arrow). 
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further 26 per cent. In only 8 per cent of the patients 
was the information misleading or of no diagnostic 
value. It was clear that as experience increased so 
too did the diagnostic accuracy. With the grey-scale 
modification further diagnostic information will be 
possible (Taylor and McCready, 1976). 
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The ultrasound diagnosis of rectus sheath haematoma 


PRATT* 


P. W. R. LEE, M. BARK, J. MACFIE AND D. 


SUMMARY 

Three cases of rectus sheath haematoma are presented 
in which the diagnosis was confirmed by the use of 
ultrasound. The aetiology and diagnosis of the disease 
are discussed and the use of ultrasonography in a 
disease with a previously low preoperative diagnostic 
rate is emphasized. 


A RECTUS sheath haematoma is an acute or chronic 
collection of blood lying either within the rectus 
muscle or between the muscle and its sheath. In 
some cases the inferior epigastric artery itself is 
ruptured while in others rupture of the small vessels 
within the muscle is the cause. Three cases are 
described in which the diagnosis was made with the 
use of ultrasound. 


Case reports 

Case 1: A 56-year-old female was referred to the outpatient 
clinic with a 3-week history of nagging pain in the right iliac 
fossa which had developed following a swimming session. On 
examination she was apyrexial with a normal pulse rate. 
There was tenderness in the right iliac fossa with the suggestion 
of a mass. An initial diagnosis of an appendix abscess was 
made and the patient treated with antibiotics and bed rest. 
On this régime the pain settled, but the mass persisted, 
becoming firmer and more definable. A barium enema examina- 
tion was normal. The patient was then referred to a gynaeco- 
logist because at this stage the mass was thought to be arising 
from the pelvis. A provisional diagnosis of degeneration in a 
fibroid was made and although a preoperative ultrasonogram 
suggested the diagnosis, examination under anaesthetic and 
laparotomy were performed and a right rectus sheath haema- 
toma identified. 


Case 2: A 49-year-old female was admitted as an emergency 
with an 8-week history of burning pain in the right iliac fossa 
and low back pain. Four weeks before admission she had 
noticed a mass in her right lower abdomen which had appeared 
during an episode of coughing but which had since gradually 
disappeared. On examination she was apyrexial. There was 
tenderness in the right iliac fossa with some guarding. Straight 
leg raising increased the pain in the right iliac fossa. A full 
- blood count and a barium enema examination were normal. 
Following a short period of bed rest the pain and tenderness 
decreased and a mass was then definable in the right lower 
quadrant of the abdomen. Ultrasonograms demonstrated a 
rectus sheath haematoma. Treatment with bed rest and short 
wave diathermy was instituted and at follow-up examina- 
tion 2 months later the patient was free of any signs and 
symptoms. 


Case 3: A 48-year-old male was admitted as an emergency 
with a 12-hour history of a tender swelling in the right lower 
abdomen. He was a chronic bronchitic of many years’ duration 
and admitted that the swelling appeared in association with 
a protracted episode of coughing. On examination he was 
apyrexial and examination of the abdomen showed a tender 
swelling in the right lower abdomen, which became more 
prominent on contraction of the right rectus muscle. Because 
of our previous experience, a diagnosis of a rectus sheath 
haematoma was made and confirmed the next day by the use 
of ultrasound. The patient was treated with bed rest, during 
which period the mass ceased to be tender and decreased in 
size. At outpatient follow-up 1 month after discharge, the 
patient was symptom-free and a repeat ultrasonogram showed 
the haematoma to be much reduced in size. 








Fig. 1. Case 3. Ultrasonogram. a, Anterior abdominal wall; 
b, rectus sheath haematoma; c, bladder. 


Technique 

All 3 patients were examined on a commercially 
available ultrasonic B scanner (Picker) using a 
2 MHz transducer. The transducer emits a pulsed 
beam of ultrasonic energy. The energy passes through 
body fluids and soft tissues but at interfaces of 
different acoustic impedances undergoes partial 
reflection; these interfaces often correspond to tissue 
interfaces and organ boundaries. The reflected sound 
energy is received by the transducer during the 
periods when it is not transmitting sound. The 
sound echoes are amplified and when using the equip- 
ment in the B mode are displayed as bright dots on a 
storage oscilloscope. By moving the transducer 
slowly over a given section of the abdomen an 
ultrasonic picture can be built up and recorded on a 
Polaroid film. The final picture can be either linear, 
or by rocking the transducer at each point of the 
scan to produce more reflecting surfaces normal to 
the transducer can be made to be compound. The 
complex internal structure of an organ such as the 
liver, a renal tumour or the normal rectus muscle 
contains numerous small reflecting surfaces which 
are represented on the final picture as dots or small 
broken lines. A collection of fluid such as a urine- 
filled bladder or a rectus sheath haematoma is 
acoustically homogeneous and therefore sound 
reflections are obtained only at the interfaces between 
the fluid and other tissues. The scan in Fig. 1 was 
made in the longitudinal direction on the anterior 
abdominal wall using liquid paraffin as a coupling 
agent. The rectus sheath haematoma is shown as a 
dark echo-free area within the ultrasonically com- 
plex rectus muscle, lying anteriorto the urine-filled 
bladder. 

* Departments of Surgery and Radiology, St James’s 
University Hospital, Leeds. 

Correspondence to: P. W. R. Lee, University Department of 
Surgery, The General Infirmary, Leeds 1. 


634 P. W.R. Lee et al. 


Discussion 

Many comprehensive reviews of the subject of rectus 
sheath haematoma are available (Cullen and Brodel, 
1937; Murray and Berger, 1954; Nadeau et al., 1973), 
and thus only a summary of the important features is 
included. 


Aetiology 

Of rectus sheath haematomas, 70-80 per cent occur 
below the umbilicus, where, because of the absence 
of the posterior rectus sheath, the muscle and the 
inferior epigastric vessels are only loosely supported. 
Many instances occur spontaneously or in association 
with an episode of coughing or sneezing. It is thought 
that the underlying cause is the inelasticity of the 
blood vessel walls which prevents their accommodat- 
ing the large variation in the length of the rectus 
muscle which occurs with the sudden movement of 
coughing or sneezing. Other predisposing factors 
suggested are: 

1. Injury due to muscle retraction during abdominal 
operation. 

2. The development of fibrous tissue in the rectus 
sheath of the postoperative patients which prevents 
the inferior epigastric vessels and muscle from gliding 
smoothly on their course. 

3. Overstretching of the blood vessels during 
pregnancy. 

4. Vascular degenerative diseases 
dyscrasias, including anticoagulation. 

5. Extremes of certain physical exercise, e.g. the 
exercise wheel (Fraser-Moodie and Cox, 1974). 


and blood 


Diagnosis 

The diagnosis is usually made on clinical grounds 
because of a history of constant localized lower 
abdominal pain of sudden onset, with a tender, non- 
pulsatile mass present in the region of the rectus 
muscle. Nausea, vomiting and mild fever may occur 


and occasionally, with a very large haematoma, the 


patient may present with the signs of hypovolaemic 
shock. When the anterior abdominal wall muscles are 
contracted the rectus sheath haematoma becomes 
more noticeable and immobile—a sign discussed by 
Fothergill (1926). Occasionally ecchymoses are found, 
either over the mass or around the umbilicus 
(Laffont’s sign). Elevation of the leg or head is said 
to increase the pain associated with the haematoma 
(Nadeau et al., 1973). Other aids to diagnosis which 
have been used are cystography (Backwinkel, 1965), 
which may show evidence of extrinsic pressure on the 
bladder wall if the haematoma is in the lower part 
of the rectus muscle, and arteriography (Nadeau et al., 
1973), which may show shift of the abdominal 
contents and pooling of the dye along the course of 
the ruptured artery. The preoperative diagnosis rate 
in the published series is very low, varying between 
14 and 17 per cent (Teske, 1946; Stiles et al., 1965). 
Because of this we felt it important to record the use 
of ultrasound in the diagnosis, representing a simple, 
safe and accurate diagnostic aid. | 
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Angiographic control of traumatic haemobilia by 


selective arterial embolization 
W. F. EGGINK, R. R. PERLBERGER AND H. VAN URK* 


SUMMARY 

Traumatic haemobilia was diagnosed and treated 
successfully by selective arterial catheterization and 
embolization with Gelfoam particles, thus avoiding the 
hazards of surgical intervention, in a 16-year-old bo Y 
with tuberculous peritonitis. No ill effects to the liver 
parenchyma were noticed as evidenced by liver function 
tests and liver scan. 


-HAEMOBILIA is an infrequent cause of blood loss in the 
upper gastro-intestinal tract, occurring when arteries 
or veins communicate with biliary ducts. Diagnosis 
can be very difficult when bleeding is minimal, 
although massive blood loss does not easily lead to a 
correct diagnosis either, as the characteristic features 
of haemobilia, i.e. colicky pain in the right upper 
quadrant with melaena or haematemesis and jaundice, 
are seldom correctly interpreted (Sandblom, 1972). It 
is understandable that haemobilia with severe 
bleeding is most widely known; nearly all published 
cases of haemobilia had massive blood loss (Spark- 
man, 1953). 

The most frequent cause of haemobilia is blunt or 
penetrating trauma. The latter category not only 
comprises stab wounds but also the ‘iatrogenic’ 
sequelae of percutaneous liver biopsies and trans- 
hepatic cholangiography (Terry, 1952; Cox, 1967: 
Levinson et al, 1972; Attiyeh et al., 1976: Walter 
et al, 1976). The real frequency of occult upper 
gastro-intestinal bleeding caused by haemobilia is not 
Known. It seems likely that this type of blood loss 
will occur more frequently than it is diagnosed, 
considering the apparent tendency to spontaneous 
recovery (Hendren et al., 1971). Surgical intervention 
is only warranted in cases with persisting or life- 
threatening blood loss. Sandblom, who introduced the 
term ‘traumatic haemobilia’, showed that haemobilia 
is frequently characterized by a protracted history 
with recurrent episodes of haemorrhage over months 
or even years (Sandblom, 1948; Sandblom et al., 1976). 

Experimental work has shown slow and poor local 
healing of liver lesions, in contrast with the powerful 
regenerating capacity of the liver. The presence of gall 
seems to play an important though unclear role 
(Sandblom et al., 1976). 

The precise diagnostic localization of blood loss 
in the gastro-intestinal tract has improved con- 
siderably since the introduction of endoscopy and 
angiography as routine procedures (Malt, 1972). 
Selective angiography is undoubtedly the most 
accurate and reliable way of verifying the diagnosis, 
especially in central liver lesions which are not visible 
even at laparotomy. In addition, this diagnostic 
technique has developed therapeutic applications in 
the form of selective arterial infusion of vasoconstric- 
tive drugs and selective intra-arterial embolization 
of the bleeding arteries (Rösch et al., 1972: Baum et 
al., 1973; Walter et al., 1976; Perlberger, 1977). The 
following case history gives an example of this 
therapeutic application. 


Case report 

A l6-year-old boy underwent an exploratory laparotomy 
because of unexplained colicky abdominal pains, anorexia 
and weight loss over several months. Massive adhesions of the 
intestines with multiple granulomas were found which were 
shown to be tuberculous. Two Traveno! needle biopsies were 
taken from the left liver lobe (the right lobe not being acces- 
sible) in order to investigate a slight impairment of liver 
function found on admission. No attempts were made to 
dissolve the numerous adhesions of the bowel. 

The postoperative course was essentially normal in the first 
week. When the boy started to complain again of colicky pain 
in his right upper quadrant this was interpreted as pertinent to 
the tuberculous peritonitis. Shortly thereafter, however, there 
was an episode of melaena and his haemoglobin dropped 
notably. The liver functions after this episode were impaired 
and compatible with obstructive jaundice (bilirubin 22 -> 107 
umol/l, alkaline phosphatase 72 + 273 iu., SGOT 25--+ 236 
iu/l, SGPT 23 -> 160 i.u./l, SLDH 492 -> 808 i.u./I. With a 
tentative diagnosis of a bleeding stress ulcer, endoscopy was 
performed. No abnormalities were seen in the stomach but in 
the duodenum blood clots were coming out of the papilla of 
Vater. Subsequently a Seldinger selective angiography of the left 
hepatic artery was performed. Contrast extravasation from a 
branch of the left hepatic artery was readily identified (Fig. 1). 
The contrast material disappeared rapidly in the late venous 
phase, probably into the hepatic bile ducts. 

The plausible cause for this haemobilia was the taking of 
needle biopsies during the exploratory laparotomy, as the area 
of extravasation corresponded to the location of the biopsies. 
Microscopic analysis of the biopsies had not revealed any 
parenchymal abnormalities, particularly no tuberculous 
lesions. 

Surgical exploration was, in this case, very unattractive and 
seemed a hazardous undertaking because of the known dense 
adhesions. It was therefore decided to try to stop the bleeding ` 
by means of Gelfoam embolization, Leaving the catheter in 
place, several Gelfoam particles were injected through this 
catheter. A control angiogram showed a complete stop in the 
bleeding arterial branch and no further extravasation of 
contrast material (Fig. 2). : 

The clinical course after embolization was unremarkable. 
Liver function tests showed immediate improvement and were 
down to preoperative levels in 1 week; the haemoglobin level 
remained stable. To exclude local ischaemic damage to the 
liver parenchyma a liver scan was performed, showing no 
suspect areas. Treatment with tuberculostatic drugs was 
continued and the patient was discharged from the hospital in 
good condition and without any complaints. 


Discussion 

In patients with haemobilia the choice of treatment 
mainly depends on two factors: first, and most impor- 
tant, the amount and rate of blood loss; secondly, the 
nature and origin of the bleeding. Distinct lesions, 
especially those that are located peripherally, are 
easily and preferably treated with partial liver resec- 
tion. This type of operative treatment, however, is 
difficult and sometimes impossible for centrally 
located anomalies in the liver hilus. In these cases 
partial or complete ligation of the hepatic arteries has 
been advocated by several authors (Spector, 1957; 
Enge et al., 1968; Mays, 1972; Lewis et al., 1974). 





* Departments of General Surgery and Radiology, University 
Hospital Dijkzigt, Rotterdam, The Netherlands. 
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Fig. 1. Selective catheterization of the left hepatic artery. 
Black arrow, tip of the catheter; white arrow, contrast 
extravasation. 


Fig. 2. Control angiography after embolization. The 
bleeding arterial branch is completely occluded; there is no 
extravasation. Arrow, tip of the catheter. 


The fear of harmful side-effects of hepatic artery 
ligation is unwarranted. Although liver enzymes may 
rise and coagulation factors decrease during the first 
few days, usually a return to preoperative levels is 
noted within 2 weeks (Bengmark et al., 1974; Zike 
et al., 1975). 

In cases of massive bleeding an emergency surgical 
procedure is necessary to treat hypovolaemic shock 
and exsanguination. Generally, however, there is a 
latent phase, caused by accumulation of blood clots 
in the biliary and hepatic ducts. During this latent 
phase of days or even weeks the clinical picture of 
obstructive jaundice can develop. Contractions of the 
sphincter of Oddi may give rise to accompanying 
colicky pains. Relief of pain is caused by a sudden 
release of blood clots into the duodenum, usually 
followed by haematemesis and/or melaena. We 
would stress that in cases of acute massive blood loss 
as well as in cases of continuing haemobilia surgical 
intervention should never be considered without 
angiography. Visualization of the hepatic artery can 
demonstrate the presence of haemobilia and supply 
the most accurate information about the bleeding 
site—essential information for purposeful surgery 
(Baum et al., 1965; Enge et al., 1968; Takashima et 
al., 1972). The use of a radioactive rose bengal 
hepatoscan, as advised by Graff (1963), may be 
helpful in recurrent episodes of bleeding, but its place 
in the analysis of acute bleeding is not established. 

Even at laparotomy haemobilia is easily overlooked 
as a cause of gastro-intestinal blood loss if the 
diagnosis was not made prior to operation. Thus, 
irrelevant procedures such as ‘blind gastric resection’ 
can be avoided by using angiography in the diagnostic 
approach. 

In the past few years the therapeutic application of 
angiography has been more and more acknowledged. 
Since the introduction of selective intra-arterial 
infusion of vasoconstrictive drugs (Nusbaum et al., 
1967; Baum and Nusbaum, 1971) in the treatment of 
gastro-intestinal bleeding new techniques have been 
developed (Margolies et al., 1972; Bookstein et al., 
1974). Rösch et al. (1972) described selective intra- 
arterial embolization with autologous clotted blood. 
Tadavarthy et al. (1974) used Gelfoam instead of 
clotted blood with complete success. This therapeutic 
embolization of a bleeding artery is less traumatic 
than but equally effective as surgical ligation of an 
artery (Djindjian, 1974). Gelfoam has the advantage 
of a low friction coefficient, thus enabling the radio- 
logist to inject the material in the form of small 
plugs through relatively thin catheters. These catheters 
can be placed selectively or superselectively in small 
artery branches. The logical risk of unintentional 
occlusion of vessels other than the bleeding artery is 
thus minimized. The danger of ischaemic infarction, 
however, is not imaginary. Initially the method was 
advised only for vascular systems with many collateral 
pathways, such as the pelvis and stomach; the 
branches of the hepatic artery, however, were supposed 
to be end-arteries. Fortunately, experience has shown 
that the hepatic arteries and their branches can be 
ligated totally or partially without serious damage to 
the liver parenchyma. Experimental work with ligation 
of arteries in tumours and metastases of the liver has 
shown that an arterial collateral system develops in a 
very short time and liver function disorders will 
rapidly be resolved. 


Downs manufacture over 10,000 
instruments, covering all 

Surgical specialities. 

The extensive developments in 
microsurgery have resulted in the 
production of many new instruments. 
These are smaller and lighter in 
construction and have been designed 
for absolute accuracy, smooth action 
and maximum comfort in handling. 
Today, sophisticated precision 
engineering is playing the dominant 
role in instrument manufacture. 
However, the skills of the craftsman 
are still vital, especially in the 
manufacture of delicate instruments 


An instrument for every operation 


such as the Middle Ear Forceps 
(illustrated) which are entirely 

hand made. 

Manufactured to exacting 

standards, Downs surgical instruments 
fulfil the practical needs 

of the surgeon. 

Of course, the service we offer is 
second to none. Most of our 

‘Select Plus’ range of instruments are 
available from stock but be prepared 
to wait a little longer for hand-made 
instruments—you cannot rush 

a craftsman. 

And our enlarged representative staff 
offers a closer personal service. 


Our instruments set the standard by which others are judged. 
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A significant advance in 
the management of septic shock 


The high risk of toxic reactions is often 
the reason for delaying the introduction of 
catecholamine therapy in septic shock. With 
the availability of Intropin (dopamine HCI), 
however, this situation has changed. Not only 
does Intropin significantly increase cardiac 
output and vital organ perfusion, it does so 






with few undesirable side effects. To quote 
from arecent symposium:* 

“...dopamine is probably the safest of the 
inotropic agents to start with...” 

“... Inotropic support with dopamine would 
constitute part of the routine management of 
the patient with septic shock.” 
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Mays and Wheeler (1974) studied intrahepatic 
blood flow in humans after ligating various hepatic 
arteries. These studies showed that hepatic arteries 
are not end-arteries as previously taught. Translobar 
and subcapsular collaterals are capable of recon- 
stituting blood flow in a ligated hepatic artery within 
24 h. Nevertheless, it seems useful to limit the potential 
ischaemic area of the liver as much as possible. 
Therefore selective or superselective embolization is 
a better remedy than surgical ligation. Control 
angiography shortly after embolization is necessary 
to check any unwanted occlusion and to record the 
effect on the bleeding (Prochaska et al., 1973). We 
have no definite explanation for the apparent tendency 
of injected emboli to flow into the bleeding vessel. 

Administration of antibiotics, which are essential to 
survival in dog experiments, may not be necessary in 
humans (Zike et al., 1975). Human portal vein blood 
is sterile, whereas in dogs the blood is frequently con- 
taminated, especially with anaerobic bacteria. 

In our patient certain circumstances may have made 
surgical exploration technically difficult or hazardous 
and in similar cases therapeutic angiography can be a 
very powerful tool. The method is relatively simple 
and, in the hands of an experienced angiographer, 
very safe. 
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Penetrating thoracoabdominal injuries 


F. A. SANDRASAGRA* 


SUMMARY 

Twenty-three cases of penetrating thoracoabdominal 
injury are reviewed. Abdominal pain, tenderness and 
rigidity were found to be the most constant indicators 
of diaphragmatic penetration in these injuries (65 per 
cent). These features may occur as referred phenomena 
of purely thoracic injuries and persist as a result of 
the presence of an intercostal drainage tube used in the 
treatment of such injuries. There may be no abdominal 
signs in injuries of the diaphragm unaccompanied by 
any visceral damage or in injuries confined to the lesser 
sac. A high index of suspicion in the presence of a 
wound over the lower half of the chest is necessary to 
detect these lesions. Negative radiological findings do 
not exclude a diaphragmatic injury. 

The thoracic component of a penetrating theraco- 
abdominal injury can usually be treated conservatively 
by aspiration or drainage of the pleural space, but 
laparotomy is advised for the repair of the abdominal 
viscera. The need for thoracotomy should be determined 
by the merits of the thoracic injury or the desirability of 
Pleural toilet. The intra-abdominal injury may then be 
dealt with through the diaphragm. There is a greater 
tendency to pleural infection in thoracoabdominal 
injuries than in simple penetrating thoracic injuries, 
which is attributable to contamination by intestinal 
contents through the diaphragmatic tear. The mortality 
in this series was due to the abdominal injuries, the 
early recognition and treatment of which would have 
improved results. 


THORACOABDOMINAL injuries may follow closed 
trauma or penetrating wounds of the chest. In the 
latter instance the injury is caused by the missile or 
weapon traversing the diaphragm. The detection of 
the intra-abdominal lesion in a thoracoabdominal 
injury is difficult, as purely thoracic injuries not 
infrequently produce signs and symptoms referable 
to the abdomen. Ascertaining the nature of the intra- 
abdominal injury in such cases presents even greater 
difficulties. Twenty-three cases of penetrating thoraco- 
abdominal injury seen by the author are reviewed in 
this report. 


Patients and methods 

There were 23 thoracoabdominal injuries in a series of 100 
patients with penetrating chest wounds seen by the author in 
Sri Lanka between 1971 and 1973. The ages of the 23 patients 
ranged from 16 to 55 years; all but 2 were males. Eighteen 
injuries were left-sided and the other 5 involved the right 
hemithorax. Stab wounds were responsible for the injury in 
19 cases (83 per cent). The incidence of diaphragmatic injury 
in the different types of penetrating chest wound is indicated 
in Table I. 

Tabie If shows the distribution of the entry wounds in the 23 
thoracoabdominal injuries and their relation to the total 
number of entry wounds in each quadrant of the chest in this 
series. Sixteen of the 23 (69 per cent) entry wounds were 
located over the lower chest. The site of entry was not in the 
lower chest in any of the missile wounds. In the only bomb 
injury the entry wound was located in the neck. Fourteen 
(44 per cent) of 32 stab wounds of the lower part of the left 
chest were associated with diaphragmatic penetration while 


only 2 (22 per cent) of 9 stab wounds on the right side were 
associated with a diaphragmatic injury. 

Exit wounds were present in 2 gunshot injuries and | stab 
wound. The presence of an exit wound is of great diagnostic 
value, for it not only enables a diagnosis of thoracoabdominal 
injury to be made, but also permits an estimate of the organs 
likely to be at risk. 


Table I: INCIDENCE OF DIAPHRAGMATIC 
PENETRATION IN THE DIFFERENT TYPES OF 
CHEST WOUND 

No. of thoracoabdominal 


Type of wound No. of cases wounds 
Stab 85 19 
Gunshot {2 3 
Wooden spike 2 Q 
Hand bomb ] I 


Table H: DISTRIBUTION AND INCIDENCE OF 
THORACOABDOMINAL INJURIES IN RELATION 
TO SITE OF ENTRY WOUND 


Site of entry No. of No. of thoracoabdominal 
wound cases injuries 
Neck 6 i 
Left upper chest 35 4 
Left lower chest 32 14 
Right upper chest 20 2 
Right lower chest 9 2 


Diagnosis 
The diagnosis of diaphragmatic penetration was 
obvious in 2 cases where the omentum protruded 
through the chest wound. Signs of peritoneal irritation 
were present in 15 cases (65 per cent). Abdominal 
signs suggestive of peritoneal irritation sometimes 
accompany penetrating chest wounds even when no 
abdominal injury exists. Thus, of the 77 patients 
with penetrating wounds confined to the chest, 5 had 
negative abdominal explorations for suspected dia- 
phragmatic penetration because of abdominal signs. 
In one of these the abdominal signs were due to a 
haemothorax; in the other 4 cases the abdominal 
signs persisted for 12-48h after evacuation of a 
haemothorax by a basal intercostal tube. The referred 
abdominal features of a chest injury regress on 
evacuation of the pleural space. Their persistence in 
spite of pleural drainage is thought to be indicative 
of an abdominal injury meriting exploration (Cordice 
and Cabezon, 1965). Our experience suggests that 
the presence of a basal intercostal tube used to 
evacuate the pleural space might cause referred 
abdominal features of a chest injury to persist. In 
assessing the possibility of diaphragmatic involve- 
ment in a penetrating chest injury, it might be useful 
to examine the abdomen after removal of an inter- 
costal tube and after the pleural space has been 
emptied. 

Abdominal signs of diaphragmatic penetration 
were absent in 8 cases (35 per cent); in 3 of these the 
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diaphragmatic puncture was unaccompanied by any 
visceral injury, in another 3 the visceral injuries were 
confined to the lesser sac. In 2 high velocity missile 
wounds of the right hemidiaphragm and right lobe 
of the liver, hepatic bleeding had occurred into the 
right pleural cavity. The danger of interpreting the 
referred abdominal signs of a chest injury as indicative 
of an abdominal lesion has been stressed, but the 
paucity of clinical evidence of abdominal injury in 
the types of wound listed above has received little 
attention. 

Peristaltic sounds were absent only in those cases 
where there was contamination of the general peri- 
toneal cavity by gastro-intestinal contents. The 
sounds were still present when there was blood in 
the peritoneal cavity or when the injury was confined 
to the lesser sac. 

Only 3 patients presented with a blood pressure 
below 80 mmHg. In all 3 cases there was a com- 
bination of intrathoracic and intra-abdominal 
haemorrhage. 

Abdominal paracentesis was performed in 3 
patients in whom the diagnosis of diaphragmatic 
perforation was in doubt. A positive tap was obtained 
in one case and this was confirmed when a splenic 
injury was found. Despite a negative tap in the other 
2 cases both had diaphragmatic punctures. 

Radiological examination revealed a diaphragmatic 
hernia in one case and free air beneath the diaphragm 
in another case in which there was no intra-abdominal 
injury. The air had been sucked in through the 
thoracic and diaphragmatic wounds into the abdo- 
minal cavity at the time of the stabbing. Retained 
missiles were located by radiological examination 
within the abdomen in 2 cases. 


Treatment 
A haemothorax or haemopneumothorax was present 
in 15 cases. There was one case each of a pneumo- 
thorax, cardiac wound and diaphragmatic hernia. No 
significant intrathoracic pathology could be discerned 
in 5 cases. In expiration the diaphragm is closely 
applied to the lower part of the chest wall and the 
costophrenic recess is obliterated. Penetrating wounds 
of the lower chest are therefore likely to pass directly 
through the diaphragm into the abdominal cavity. 
Immediate thoracotomy was performed in 5 cases, 
but in only one for repair of the intrathoracic injury— 
a cardiac wound. The abdominal injuries in this 
patient were repaired through a separate abdominal 
incision. Thoracotomy was performed in the other 4 
cases to repair the diaphragmatic and abdominal 
injuries. The intrathoracic lesions in the other cases 
were handled by aspiration or intercostal tube drainage. 
Empyemas occurred in 3 cases (13 per cent): the 
first followed infection of an inadequately drained 
haemothorax (this patient had a grossly contaminated 
peritoneal cavity following a puncture wound of the 
stomach); the second resulted from a perforated 
gastric hernia contaminating the pleural cavity; 
transdiaphragmatic spread of infection from a 
lacerated liver caused by a high velocity missile 
accounted for the pleural infection in the third case 
(the haemothorax following this injury had been 
treated by aspiration). A similar case treated by im- 
mediate right thoracotomy and débridement of the 
liver made an uneventful recovery. There were no 
deaths attributable to injuries of the thoracic viscera. 
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Table MI: INCIDENCE OF ABDOMINAL VISCERAL 
INJURIES IN 23 THORACOABDOMINAL WOUNDS 


Injured organ No. of cases 
Stomach 10 
Liver 7 
Spleen 4 
Duodenum 2 
Colon 2 
Kidney 2 
Pancreas l 


The stomach, liver and spleen were the abdominal 
organs most frequently at risk in this series (Table HD). 
The abdominal injuries were dealt with through an 
abdominal incision in 18 cases. No difficulty was 
experienced in repair of diaphragmatic tears and 
abdominal viscera by this approach, despite the fact 
that most gastric perforations were sited just below 
the gastro-oesophageal junction. There was one 
gastric puncture over the fundus of the stomach which 
was handled with ease through a midline abdomi- 
nal incision. 

One of the duodenal injuries was complicated by 
the development of an external fistula, which closed 
spontaneously. There were 4 deaths—a mortality of 
17 per cent. Both patients with stab wounds of the 
colon died. In one the exit wound in the posterior 
wall of the transverse colon was not detected at the 
time of exploration; this wound leaked into the lesser 
sac and the patient died of toxaemia. The second 
case of colonic injury and a fatal case of diaphrag- 
matic hernia were seen late owing to transport 
difficulties. Both had established peritonitis when 
admitted to hospital nearly 48 h after the injury. The 
fourth death followed a reactionary haemorrhage 
from a splenic wound overlooked at the time of 
transthoracic exploration. 


Discussion 

A 12 per cent incidence of diaphragmatic involve- 
ment in combat wounds of the chest has been re- 
ported by Mackler (1947). The incidence of dia- 
phragmatic penetration in chest casualties in the 
Korean War varied from 10 per cent (Valle, 1952) to 
22 per cent (Rockey, 1952). The incidence of dia- 
phragmatic injury in civilian penetrating chest 
injuries is much lower--5-6 per cent (Gray et al, 
1960; Garzon et al., 1964; Cordice and Cabezon, 
1965). A 23 per cent incidence of diaphragmatic 
involvement in this series of penetrating chest injuries 
among civilians appears to be rather high and is 
attributable to the vulnerability of the diaphragm on 
the left side, due to the downward directed knife 
thrusts of a right-handed assailant. 

In the absence of obvious evidence of thoraco- 
abdominal injury, such as prolapse of the abdominal 
contents through the chest wound, signs of peritoneal 
irritation were found to be the most reliable indicators 
of diaphragmatic penetration. Improvement in abdo- 
minal signs on evacuation of the pleural space serves 
to distinguish referred signs of a thoracic injury from 
peritoneal signs of injured abdominal viscera. How- 
ever, the presence of a basal intercostal tube used to 
evacuate the pleural space can by itself cause these 
reflex abdominal signs to persist. On the other hand, 
when only the diaphragm has been punctured, and 
in injuries confined to the lesser sac, there may be 
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little or no evidence of peritoneal irritation. As the 
initial mortality in a penetrating thoracoabdominal 
injury is related to the delay in treating the intra- 
abdominal wounds, and the late mortality associated 
with uncomplicated diaphragmatic herniation which 
may follow diaphragmatic penetration is around 
16-20 per cent (Noon et al, 1966; Hill, 1972) or 
25-66 per cent when strangulation occurs (Grimes, 
1974), a more aggressive approach to the diagnosis 
of diaphragmatic penetration in suspected thoraco- 
abdominal injuries is warranted. 

Radiography is useful in diagnosis. Free gas under 
the diaphragm, a diaphragmatic hernia and the dis- 
position of a retained missile in relation to the dia- 
phragm may suggest the diagnosis. Negative contrast 
peritoneography (Wilkinson, 1973) and positive 
contrast peritoneography (White and Haller, 1974) 
have been employed in detection of diaphragmatic 
injuries. It is unlikely that the contrast material 
would gain entry into the lesser sac or identify the 
diaphragmatic punctures in injuries confined to this 
area. When a diaphragmatic puncture was in com- 
munication with the general peritoneal cavity the 
omentum was found to have plugged the tear very 
firmly and contrast peritoneography would have been 
unhelpful in these instances also. Barium meals in all 
suspected cases, as advocated by Kessler and Stein 
(1976), would also have been unhelpful as only one 
case in this series had a diaphragmatic hernia. 

Thoracoscopy (Jackson and Ferreira, 1976) appears 
to be a valuable diagnostic procedure and an alter- 
native to surgical exploration of all penetrating 
wounds of the lower part of the left chest (Keen, 1974). 

The transdiaphragmatic approach to a thoraco- 
abdominal injury (Burke and Jacobs, 1946; Harken, 
1946; Shefts and Doud, 1946) is attractive in that it 
enables one to deal with both the intrathoracic and 
intra-abdominal injuries through one incision. But 
more often than not, the thoracic component of a 
thoracoabdominal injury can be dealt with con- 
servatively. (In the present series, in only one case-—a 
cardiac injury—-was thoracotomy deemed necessary 
for dealing with the thoracic pathology.) The chief 
merit of a thoracic approach lies in the wide exposure 
it offers for the easy repair or removal of the injured 
upper abdominal viscera. The abdominal approach 
(Carter and DeBakey, 1944; Borja and Ransdell, 
1971), employed in 18 cases for the repair of the 
abdominal injuries, presented no technical difficulties 
to the operator. Further, it was found that small 
tears in the diaphragm were effectively sealed off by 
the omentum, thus preventing pleural soiling by the 
peritoneal contents. In the presence of large tears of 
the diaphragm omental protection may fail as 
diaphragmatic herniation occurs. Pleural contamina- 
tion may then be inevitable and thoracotomy may 
become necessary for adequate pleural toilet. The 
abdominal viscera may then be repaired through the 
chest. On the right side the liver stands in the way of 
the omentum and seals off the diaphragmatic tear. 
In the case of high velocity missile wounds of the 
liver, infection can spread into the chest through the 
diaphragmatic perforation from the devitalized liver. 
The dome of the liver is easily approached through 
the right chest in such cases. 

A 13 per cent incidence of empyema in this series of 
thoracoabdominal injuries, as against 6 per cent for 
the remaining 79 penetrating chest injuries, indicates 


a greater liability to pleural infection in the former 
type of injury. The enhanced tendency to pleural 
infection is particularly marked in those cases where 
the omentum has failed to seal off the diaphragmatic 
tear. Thoracoabdominal injuries sustained in combat 
have been associated with a high mortality (Betts, 
1945); an 18 per cent mortality for thoracoabdominal 
gunshot wounds in civilians has been reported by 
Borja and Ransdell (1971). The mortality rate of 
17 per cent in this series compares with a 14 per cent 
mortality reported by Gray et al. (1960) and a 12-5 per 
cent mortality reported by Garzon et al. (1964) for 
civilian penetrating thoracoabdominal injuries. It is 
noteworthy that all the deaths in this series resulted 
from the abdominal lesions. The consequences of 
overlooking an injury at exploration and delay in 
operating can be disastrous. 
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Occult rupture of the spleen 
M. J. MCMAHON, J. D. LINTOTT, W. S. J. MAIR, P. W. R. 


J. S. DUTHIE* 


SUMMARY 

Five cases of occult or ‘spontaneous rupture of the 
spleen are described. Pathological examination of the 
spleen showed changes of infectious mononucleosis in 
2 cases, Hodgkin’s disease in 1, amyloidosis in 1 and 
in the remaining spleen no underlying disease process 
was seen. All 5 cases survived, and evidence from the 
literature suggests that this may have been in some 
measure due to the fact that prompt surgical treatment 
followed a correct preoperative diagnosis. The impor- 
tance of awareness of the condition, radiological 
investigation and peritoneal lavage in reaching the 
correct diagnostic conclusion is discussed. 


‘SPONTANEOUS’ or perhaps better ‘occult’ splenic 
rupture was first described in 1922 by Freisleben 
(quoted by York, 1962) and was originally associated 
with a high mortality, usually due to failure or delay 
in making a diagnosis. More recently, a diminished 
mortality rate has been reported and the large number 
of case reports in the literature reveals that the 
condition is not rare. Indeed, more than 50 case 
reports have been published describing occult splenic 
rupture in infectious mononucleosis alone (Hyun 
et al., 1972). Occult splenic rupture has been reported 
in normal spleens (Orloff and Peskin, 1958) and in 
almost every form of pathological abnormality 
manifest by the spleen. 

From the practical point of view the diagnosis is 
made by the presence of splenic rupture in the 
absence of a history or physical evidence of trauma. 
It is only the occult nature of the trauma that con- 
stitutes the difference between this type of rupture 
and a straightforward traumatic rupture. It may be 
possible to obtain a history of trauma once the 
diagnosis of splenic rupture is apparent. 

The importance of the condition lies in the fact 
that an early diagnosis and a prompt splenectomy 
are necessary to avoid mortality. Awareness of the 
possibility of occult splenic rupture, especially in 
patients with diseases that involve the spleen, is 
probably the most important factor in arousing 
suspicion of this diagnosis. In this report 5 cases of 
occult splenic rupture are described and the means by 
which the preoperative diagnosis was made are 
discussed. 


Case reports 

Case 1: A 22-year-old man was admitted as an emergency 
case with an 18-h history of left hypochondrial pain. The 
onset had been sudden and had followed turning over in bed. 
He had vomited three times and noted pain in the left shoulder 
tip soon afterwards. For 10 days prior to admission he had 
had a sore throat, painful generalized lymphadenopathy and 
malaise. The clinical diagnosis of infectious mononucleosis 
had been confirmed by his family doctor with a Paul~Bunnell 
test. 

On examination, he was pale but not shocked, with a pulse 
rate of 80/min and a blood pressure of 110/80 mmHg. There 
were signs of generalized lymphadenopathy. The abdomen 
showed diffuse tenderness and guarding, most marked in the 
left hypochondrium. Rectal examination showed tenderness 
in the rectovesical pouch. 
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The provisional diagnosis of spontaneous rupture of the 
spleen complicating infectious mononucleosis was made on 
admission and he was taken to the operating theatre without 
delay. No radiological studies were carried out. 

At laparotemy the peritoneal cavity was found to contain 
a large amount of liquid and clotted blood and the enlarged, 
friable spleen was almost completely devoid of capsule. 
Splenectomy was performed and the abdomen closed with 
drainage. The patient made an uneventful recovery. 

The spleen weighed 390 g and a rupture in the region of the 
hilum was found. Histology showed the splenic substance to 
be infiltrated with atypical mononuclear cells together with 
infiltration and degeneration of the splenic capsule. These 
changes were all compatible with infectious mononucleosis. 
Case 2: A 26-year-old man was admitted as an emergency 
case with a 4-day history of vague abdominal and left shoulder 
tip pain, anorexia and malaise. On examination he was 
pyrexia] (39 °C) and bilateral cervical lymphadenopathy was 
present. There was minimal lower abdominal tenderness but 
no other abnormality was detected in the abdomen or on 
rectal examination. 

Routine haematology showed a normal white cell count 
(7900/mm*) but the differential demonstrated a lymphocytosis 
of 66 per cent and many of the forms were atypical. A Paul- 
Bunnell test was positive and a diagnosis of infectious mono- 
nucleosis was made. Five days after admission he complained 
of a sudden increase in the severity of both abdominal and 
shoulder tip pain. Examination showed peripheral vaso- 
constriction and a pulse rate of 120/min with a blood pressure 
of 80/60 mmHg. A diagnosis of spontaneous rupture of the 
spleen was made and laparotomy was performed after adequate 
resuscitation with blood. Again, no radiological study was 
performed. At laparotomy 1°51 of intraperitoneal blood was 
found together with an enlarged soft spleen ruptured at its 
upper pole. Splenectomy was performed and the abdomen 
closed. The postoperative period was uneventful after an 
unexplained pyrexia for the first 4 days. 

The spleen weighed 450 g and at the upper pole a 4-cm 
laceration was present surrounded by blood clot. Histology | 
showed changes typical of infectious mononucleosis. 


Case 3: A 52-year-old man was admitted as an emergency 
case with a 12-h history of increasing weakness and breath- 
lessness. Over the same period he had complained of increasing 
generalized abdominal pain aggravated by movement and he 
thought his abdomen had become distended on the day of 
admission. 

He had been admitted for varicose vein surgery a few 
days previously and on examination at that time he was found 
to have obstructive airways disease and leucoplakia of his 
vocal cords. Operation had thus been postponed and he had 
been discharged home. 

On admission peripheral vasoconstriction was obvious. 
His pulse rate was 115/min and his blood pressure 80/40 mmHg. 
Abdominal examination showed tenderness over the whole of 
the upper abdomen, but there was no evidence of peritonism, 
although bowel sounds could not be heard. There were no 
signs of free fluid and rectal examination revealed tenderness 
in the rectovesical pouch. Blood biochemistry was normal but 
his haemoglobin level was 5-2 g/dl compared with 14-5 g/di a 
week previously. With this evidence of occult haemorrhage, 
oesophagogastroduodenoscopy was performed but showed no 
abnormality. 
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Fig. 1. Radiological appearances seen during an intravenous 
splenogram in splenic rupture. The spleen (1) and the left 
kidney (2) have been opacified by the contrast medium. 

A concavity can be seen in the lateral margin of the 

spleen and the arrows indicate the degree of displacement 
of the organ from the lateral chest wall. 


Diagnostic peritoneal lavage was then attempted but heavily 
bloodstained fluid was obtained from the needle used to 
introduce the local anaesthetic. 

A blood transfusion was commenced and he was submitted 
to laparotomy. A total of 4000 ml of blood and blood clot 
was found in the peritoneal cavity. The spleen was of normal 
size and shape, but the capsule was entirely stripped off, 
remaining attached only at the hilum. Splenectomy was 
carried out and the abdomen closed. His postoperative 
progress was satisfactory apart from a left basal pneumonia 
which resolved rapidly. 

Pathological examination of the spleen showed it to measure 
10x 6x 2-5 cm with almost complete stripping of the capsule. 
Histology showed amyloid degeneration in many of the 
arterioles and small arteries. 


Case 4: A 38-year-old woman developed left-sided cervical 
lymphadenopathy which was shown on biopsy to be due to 
Hodgkin’s disease. Prior to therapy hysterectomy was per- 
formed because of carcinoma-in-situ of the cervix uteri. After 
recovery from operation the neck area was treated with 
radiotherapy for 3 days and anaemia of sufficient degree to 
require blood transfusion was noticed. Her anaemia increased, 
however, and she complained of pain in the left side of the 
chest radiating into the abdomen and to the left shoulder tip. 
After 12 h she was transferred to the Department of Surgery 
in the General Infirmary at Leeds. 

On admission she had a tachycardia of 150, a systolic blood 
pressure of 80 mmHg and profound peripheral vasoconstriction. 
Slight tenderness was found in the right iliac fossa and there 
was suspicion of free abdominal fluid. Diagnostic lavage was 
commenced but bloodstained fluid was obtained from the 
initial needle exploration. 

After resuscitation laparotomy was performed and 2500 ml 
of bloodstained fluid and blood clot were found in the peritoneal 
cavity. Most of the blood clot was situated in the vicinity of 
the spleen, which was normal in size, but whose capsule was 


stripped off. Following splenectomy and closure of the abdomen 
the patient made an uneventful recovery. Histology of the 
spleen showed only sparse microscopic features of Hodgkin’s 
disease. 


Case 5: A 25-year-old woman was admitted as an emergency 
case with a 4-day history of left hypochondrial pain of 
increasing severity. The pain radiated to the back, left shoulder 
and left side of the neck and was aggravated by coughing and 
deep inspiration. Specific questioning elicited a history of 
muscular exertion but no trauma prior to the onset of pain. 
Examination showed her to be pale, but there were no signs 
of circulatory collapse, the pulse rate being 88/min and the 
blood pressure 130/90 mmHg. Tenderness and signs of 
peritonism were found in the left hypochondrium. Her haemo- 
globin was 8-9 g/dl and her white cell count 8300/mm*. Chest 
X-ray showed no abnormality, but plain films of the abdomen 
showed a large soft tissue mass in the left upper quadrant 
with obliteration of the normal splenic outline, medial displace- 
ment of the stomach and downward displacement of the 
splenic flexure of the colon. An intravenous splenogram was 
then performed, showing medial displacement of the spleen 
away from the abdominal wall with concave indentation of its 
lateral margin consistent with the presence of a subcapsular 
splenic haematoma (Fig. 1). Laparotomy was carried out the 
same day and revealed a large quantity of intraperitoneal blood 
together with an enlarged ruptured spleen. Following 
splenectomy the patient made an uneventful recovery. 

The spleen weighed 375 g and there were several irregular 
tears in the capsule overlying an extensive subcapsular 
haematoma. On histology the only abnormalities were 
hyalinization of the walls of the follicular arteries and a 
moderate leucocytic infiltration of the red pulp. 


Discussion 

In most cases trauma probably precipitates splenic 
rupture in an abnormally fragile organ, but is so 
insignificant that it is overlooked or forgotten by the 
patient. Fazekas et al. (1972) subjected cadaveric 
spleens to a compression force using a machine 
designed to test the strength of textile garments. 
Although pathological spleens developed lacerations 
at a lower pressure than normal ones the differences 
were not statistically significant. However, it was 
calculated that the degree of trauma usually associated 
with splenic rupture, as in, for example, a road traffic 
accident, was many times that theoretically capable of 
causing damage to the organ. 

In three of the present cases the capsule was either 
stripped off completely or had lacerated over an 
underlying haematoma; indeed in Case 4 a fragment 
of splenic capsule attenuated over a mass of thrombus 
was found lying in the pelvis. In a literature review, 
Orloff and Peskin (1958) found that this type of 
rupture occurred in about 50 per cent of cases. A 
small subcapsular haematoma may result from a very 
minor degree of trauma, and laceration follows the 
increase in size of the haematoma due to continued 
subcapsular bleeding. Nevertheless, in the remaining 
2 cases the rupture appeared to extend into the 
splenic substance. 

The clinical presentation is somewhat variable and 
by no means diagnostic in most cases. Of the 5 cases 
in this report all complained of abdominal pain and 
3 of left shoulder tip pain. Vomiting was only present 
in One case and one also complained of dyspnoea 
and dizziness. 

Four of the patients were found to have a systolic 
blood pressure below 120 mmHg and a pulse rate 
greater than 100/min. Pallor was very noticeable in 
one case. Abdominal tenderness was found in all 
cases and in 2 tenderness on rectal examination was 
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noted. Intraperitoneal fluid was only suspected in one 
case. These findings, combined with clinical evidence 
of a disease likely to result in splenomegaly, should 
raise the suspicion of splenic rupture. This suspicion 
may be enhanced by the discovery of a low haemo- 
globin level. 

In all 5 cases reported here the diagnosis was made 
preoperatively. In 2 cases it rested purely on clinical 
grounds, in 2 it was made by peritoneal lavage and in 
I by means of an intravenous splenogram when a 
left upper quadrant mass was seen on the admission 
abdominal radiograph. Both these aids are of value 
in making the diagnosis. 

In the emergency situation peritoneal lavage is 
probably the quickest and simplest way to confirm 
the diagnosis. Hyun et al. (1972) have indicated that 
peritoneal needle aspiration alone (four quadrant tap) 
is unreliable as a method for the detection of bleeding 
from a ruptured spleen and we use a | litre saline lavage 
technique similar to that used by Evans et al. (1975). 
In some cases (including 2 in this report) blood can be 
detected by aspiration of the needle used to introduce 
the local anaesthetic, but only the return of clear 
fluid after lavage can give confidence that the spleen 
has not been ruptured. If the few items of equipment 
necessary to carry out this procedure are to hand, 
it can be completed in about 10 min. 

Peritoneal lavage is, however, not always applicable. 
Patients who are very obese, who have distended 
bowel loops or who have had previous abdominal 
operations are not candidates for safe peritoneal 
lavage and, moreover, not all surgeons are familiar 
with the technique. In these situations radiological 
means of verifying the diagnosis are probably more 
appropriate, if time permits. We make no defence for 
the fact that 4 of the 5 patients in this paper had no 
abdominal radiological examination, but would 
support a routine of abdominal radiography of all 
patients with abdominal symptoms at the time of 
admission. 

The plain film signs of splenic trauma, as with 
trauma to other intra-abdominal organs, are fre- 
quently non-specific, The splenic outline may be lost 
although a normal outline does not exclude a traumatic 
lesion. There may be an obvious soft tissue mass in 
the left upper quadrant with displacement of the 
stomach and splenic flexure of the colon and there 
may be evidence of free intraperitoneal fluid. Fractures 
of the left lower ribs may be seen even in the absence 
of a history of trauma. The left hemidiaphragm is 
often raised with diminished movement on respiration. 
Linear collapse at the left lung base and a pleural 
effusion may be seen. Evidence from plain films may 
indicate the need to carry out further studies. 


Angiography 

Aortography allows assessment of other intra- 
abdominal organs, in addition to the spleen, which 
may also have been traumatized, but selective splenic 
angiography is the radiological investigation of 
choice for the demonstration of both major and 
minor traumatic lesions of the spleen. In an extensive 
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review of the literature together with results from their 
own series of cases, Gold and Hoskins (1972) con- 
cluded that the important signs are contrast extra- 
vasation, avascular defects, breaks or disturbances of 
contour, displacement of parenchymal arteries and 
arteriovenous shunting. 


Intravenous splenography 

This simple and quick technique described by Stein- 
berg and Kar! (1960) will demonstrate major traumatic 
lesions of the spleen and requires only standard 
radiographic equipment. Rapid simultaneous intra- 
venous injections of 50 ml of any standard urographic 
contrast medium are made in each arm through wide 
bore needles. Using a Bucky table a film is exposed 
at the end of injection and this is followed by three 
more exposures taken as rapidly as possible, i.e. at 
about 5-10-s intervals. If required, a subsequent 
urographic series of films may be taken. 

Case 5 in our series showed gross displacement of 
the spleen from the lateral abdominal wall and a 
concave indentation of its lateral margin (Fig. 1). 
Kreel and Mindel (1969) have shown that the position 
of the normal spleen in relation to the diaphragm and 
lateral abdominal! wall is very variable and therefore 
an unreliable sign of trauma, but the maximum 
distance found in his series of 120 was 3-5 cm. In our 
case the distance was 6cm. A concavity in the 
lateral margin of the spleen is also thought to be a 
reliable sign of the presence of a subcapsular 
haematoma. 

In the last resort, if serious diagnostic doubt 
continues to exist, it may be necessary to proceed 
to laparotomy, and from the experience of the 
literature, sooner rather than later. 
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Vascular injuries in the extremities in battle casualties 


A. SCHRAMEK AND M. HASHMONAIT#* 


SUMMARY 
A series of 51 wounded soldiers with 54 arterial and 28 
venous injuries is presented. Interposition of autogenous 
vein grafts was performed in 30 arterial injuries. Lateral 
suture or patch arterioplasty was performed in 7 arteries. 
End-to-end anastomosis was possible in 8 cases. Primary 
vein repair was performed in 14 vein injuries. Lateral 
suture, patch plasty, end-to-end anastomosis and inter- 
position composite vein grafts were used. A distal tem- 
porary arteriovenous fistula to increase the flow through 
venous interposition grafts was performed in 4 cases. 
Hyperbaric oxygen treatment was used in 7 cases in 
which successful arterial repair did not reverse isch- 
aemia, and it prevented major amputations. 
Neurovascular injuries are not always an indication 
for primary amputation. Six such cases are discussed. 


One of the chief fascinations in surgery is the management 
of wounded vessels (Halstedt. 1912). 


THE management of war injuries to the vascular sys- 
tem is gratifying, as the patients are mainly young and 
primarily healthy individuals in whom, in most in- 
stances, a normal vascular bed responds favourably 
to reconstruction. Therefore no effort should be 
spared to rehabilitate these patients. 

The ‘great leap forward’ in the treatment of arterial 
injuries came in the Korean war, when it was shown 
that the amputation rate of 51-4 per cent for ligature 
of injured arteries in World War H (DeBakey and 
Simeone, 1946) fell to 13 per cent when arteries were 
repaired by suture (Hughes, 1958). Thus, reconstruc- 
tion rather than ligature became the treatment of 
choice for major vascular injuries. 

This paper presents our experience in the treat- 
ment of blood vessels in the extremities injured by 
gunshot and/or grenade splinters. It gives a summary 
of the results of admissions to one major regional 
hospital during the Yom Kippur War of 1973. All 
the cases reported were due to battle injuries. 

Fifty-one soldiers who had sustained various vasc- 
ular injuries of their limbs were treated. There were 
54 arteries and 28 veins damaged (Tables I, ID. 


Arterial injuries 
Rapid evacuation from the battlefield enables the 
injured to receive definitive treatment within a few 
hours. There are, however, others who are untreated 
for long periods, and who are in a state of severe 
dehydration when admitted to hospital. For example, 
a 19-year-old soldier was lying in a trench for 16 
hours with a shell injury of the brachial artery before 
being evacuated to hospital. He was cold and sweating 
but pulses could be palpated in the three uninjured 
extremities. The wounded hand was cold and bluish 
and the patient was unable to move the fingers. 
Stellate block had no effect on this condition, How- 
ever, with rehydration the movement of his injured 
hand and fingers returned and its function was fully 
restored by brachial artery repair. 

What are the signs and symptoms in injuries to the 
main vessels of the limbs that should indicate the 


Table I: ARTERIAL INJURIES 


Artery Na. of cases 
Supraorbital | 
Temporal 2 
Common carotid i 
Subclavian—axillary 5 
Brachial (radial) 13 
Common femoral 5 
Superficial femoral 7 
Deep femoral 4 
Popliteal 7 
Tibial 9 

Total 54 


Table H: VENOUS INJURIES 


Vein No. of cases 
Subclavian—axillary 2 
Brachial 8 
Common femoral 4 
Superficial femoral 4 
Deep femoral l 
Popliteal F 
Saphenous 2 

Total 28 


Table HI: CONDITION ON ADMISSION 
No. of cases 


Severe peripheral ischaemia 6 
Bleeding 4 
Haematoma 
Pulsating 6 
Non-pulsating 4 


Arteriovenous fistula 6 
Peripheral pulses 

Present 15 

Absent 27 
Swelling 3 
Shock 6 
correct diagnosis as early as possible? It is known 
that especially in young and otherwise healthy indivi- 
duals, peripheral pulses may be palpable even where 
there is a torn major artery, particularly in the upper 
limb. Severe peripheral ischaemia due to arterial 
injury was present in 6 out of 7 injured superficial 
femoral arteries, 6 out of 7 popliteal arteries but in 
only 3 out of 13 brachial arteries. External bleeding 
from injured vessels depends upon the damage to the 
surrounding tissues at the entry and exit wounds. 
Swelling due to haematoma formation is common. 
The haematoma may be expanding and/or pulsating 
(Table IH). 

Shock in patients with vascular injuries is due to 
excessive bleeding, mostly in association with exten- 
sive soft tissue damage. Unless this is present another 
cause for shock should be looked for. Though in the 
presence of a major arteriovenous fistula a bruit may 
be audible, there is often no appreciable reduction in 
peripheral pulsation. 
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The techniques used in repairing arterial injuries in 
this series were the generally accepted ones (Table IV). 
Because it was realized that the extent of intimal 
damage always exceeds that estimated by the external 
appearance (Rich and Hughes, 1969), the number of 
interposition grafts in this series is high. Primary 
ligation of arteries was performed only distal to the 
elbow or knee. Even here a desperate, but unsuccess- 
ful, attempt to repair an anterior tibial artery was 
made to save a foot which was neurologically intact 
but totally ischaemic due to torn tibial arteries. 

There were 6 patients in whom a pulsating haema- 
toma developed late after the injury. In treating this 
condition the guiding principle was to reconstruct the 
artery but only if a major vessel was concerned (Table 
V). Smaller vessels were ligated. In this series there 
were 6 traumatic arteriovenous fistulas (Table VI). 
These were closed by tangential suture of both in- 
volved vessels in 4 cases in which the proximal limb 
segment was affected. Two cases with more distal 
injury were treated by ligation. 

Fasciotomy, an invaluable adjuvant to arterial sur- 
gery in the extremities, was performed in 5 patients. 
The ultimate result was considered to have been im- 
proved by this in 3 of these cases. Fasciotomy is indi- 
cated when there has been delay in definitive treat- 
ment, prolonged hypotension or severe shock and 
massive swelling of the extremity. Fasciotomy should 
be performed before the vascular reconstruction. 

Injuries to the carotid artery can be difficult to 
treat. Patients who have suffered carotid artery injury 
should be considered in two groups according to 
their neurological state. There seems little contro- 
versy when no neurological deficit is present. It would 
appear that absence of a neurological deficit following 
carotid artery injury is strong evidence that an effec- 
tive collateral circulation exists which will protect 
the patient when even a prolonged period of occlu- 
sion is necessary to perform a careful and unhurried 
repair (Hardy et al., 1975). Controversy exists about 
those patients who manifest an abnormal neuro- 
logical status after carotid artery injury. Arterial 
repair in these patients is followed by significant 
mortality and morbidity, but there are surgeons who 
feel that early intervention, within 6 hours, may be 
beneficial, even for the comatose (Senn, 1975; Walter, 
1975). The clinical similarity between these patients 
and those undergoing immediate or early surgery for 
acute stroke is striking. It seems plausible that 
ligation of an injured carotid artery might be the 
treatment of choice in patients who show a neuro- 
logical deficit on admission, rather than to restore 
vascular continuity, which might lead to intracranial 
haemorrhage. 

The medical officer attending a casualty in the field 
who is gasping for air because of an expanding haema- 
toma in the neck should try endotracheal intubation 
rather than perform a tracheostomy, despite the 
difficulties. The casualty might drown in his own 
blood sucked in from a bleeding vessel adjacent to a 
tracheostomy. 


Vein injuries 

The importance of repair of major vein injuries of 
the extremities has been stressed in the literature 
(Swan et al., 1975). In the present series there were 
damaged major veins of the limbs in 28 casualties 
(Table II), 23 of which were accompanied by an 
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Table IV: TYPES OF ARTERIAL REPAIR 
No. of cases 
Lateral suture or patch graft 7 
End-to-end anastomosis 8 
Interposition vein graft 30 
Interposition synthetic graft i 
Ligature 8 


Table V: TREATMENT OF PSEUDOANEURYSMS 


Treatment Artery No. of cases 
Ligature Supraorbital 
Temporal 
Patch repair Axillary 


Common carotid 
Common femoral 


Interposition vein graft 


Table VI: TREATMENT OF TRAUMATIC 
ARTERIOVENOUS FISTULAS 


Treatment Vessel No. of cases 
Ligature Anterior tibial | 
Radial f 
Division and recon- Brachial I 
struction Popliteal J 
* 


Superficial femoral 


Table YH: TYPES OF VENOUS REPAIR 
No. of cases 
Lateral suture or patch graft 4 


End-to-end anastomasis 4 
Interposition vein graft 6 
Ligature 14 


Table VHI: SYSTEMS INJURED IN 48 LIMBS 
(46 PATIENTS) 
No. of cases 


Arterial . 34 
Venous § 
Concomitant arterial and venous 23 
Concomitant arterial and nervous 15 
Concomitant bone fracture 19 


arterial injury. A damaged saphenous vein was classi- 
fied as a major vein injury; in 2 such cases a huge non- 
pulsating haematoma developed in the groin, the 
source being diagnosed only at operation. Fourteen 
reconstructive procedures on veins were performed 
(Table VID. A venous patch was added when narrow- 
ing at the suture line was anticipated. When damage 
to a vein was extensive, excision to healthy edges was 
necessary. Whenever possible, end-to-end anastomosis 
was attempted. Only if tension would have resulted 
was an interposition vein graft, mostly a composite 
graft of adequate width and length, performed. The 
graft was prepared so as to be somewhat longer than 
the gap to be bridged (Rich, Hobson, Wright et al., 
1974). In 4 cases requiring an interposition graft of 
the common femoral vein an arteriovenous fistula 
distal to the graft was added to increase the blood 
flow (Schramek and Hashmonai, 1974). 

The follow-up of all vein repairs is now almost 
3 years. Venography has been performed in all cases. 
The repair of injured veins, whether by lateral suture 
with or without a patch or by end-to-end anastomosis, 
has not been followed by early or late symptoms. 
Objectively, there was no swelling or cyanosis and 
on venography the repaired vein appeared normal. 
Of the 6 cases in whom an interposition graft had 
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Fig. 1. X-rays showing extensive injuries to the elbows of a soldier. 


Table IX: ARTERIAL TRAUMA IN 6 NEUROVASCULAR INJURIES 


Type and site of trauma 


Tear and pseudoaneurysm of brachial artery 
Tear of brachial artery 

Tear of brachial artery 

Tear of brachial artery 

Tear of popliteal artery 

Tear of popliteal artery and arteriovenous fistula 


Type of repair 


Excision of pseudoaneurysm and vein patch repair 
End-to-end suture 

End-to-end suture 

Interposition vein graft 

End-to-end suture 

End-to-end suture and repair of arteriovenous fistula 


Table X: NERVE TRAUMA IN NEUROVASCULAR INJURIES 


Type and site of trauma 
Upper arm. Lesion of median and ulnar nerves 
Mid-arm. Tear of musculocutaneous nerve and lesion of 
median and radial nerves 
Mid-arm. Tear of median and radial nerves 


Mid-arm. Tear of median and radial nerves 


Popliteal fossa. Tear of deep peroneal nerve 
Lower thigh. Lesion of ischiatic nerve 


Clinical state 


Palsy of hand in dorsiflexion; median and ulnar sensory 
loss 

Monoplegia except ulnar innervation; sensory loss of 
median, radial and musculocutaneous nerves 

Monoplegia except ulnar and musculocutaneous inner- 
vation 

Partial palsy of hand; sensory loss of median and radial 
nerves 

Drop foot 

Palsy and sensory loss of leg 


Table XI: REPAIR OF NERVE TRAUMA IN NEUROVASCULAR INJURIES 


Type and site of trauma 


Lesion of median nerve Neurolysis 
Lesion of ulnar nerve — 
Tear of musculocutaneous nerve Suture 


Lesion of median nerve 

Lesion of radial nerve 

Tear of median nerve 

Tear of radial nerve 

Tear of deep peroneal nerve 

Lesion of ischiatic nerve (lower part) 


Neurolysis 


Suture 
Suture 


Type of repair 


Neurolysis and partial suture 


Results 


Very good recovery 
Spontaneous recovery 
Full recovery 
Spontaneous recovery 
Full recovery 


} Lost to follow-up 


No recovery 

Partial recovery motor function (tibialis 
ant. and extensor dig. long.). 
No sensory recovery 





been inserted, only one patient was found at follow- 
up to have minor swelling of the foot. This patient 
had sustained a laceration of the popliteal vessels and 
major trauma to the bony and soft tissues of the leg. 
Venography revealed a patent graft, but the calf veins 
did not fill, explaining the swelling. One interposition 
graft without an arteriovenous fistula was performed 
to repair a lacerated axillary vein, with an excellent 
result. The remaining 4 patients had injuries to the 


upper superficial or common femoral veins. In all 
these an arteriovenous fistula distal and adjacent to 
the interposition graft was performed. Only 2 of the 
fistulas remained patent. None of the patients had 
any complaints and there was no swelling distal to the 
repair. Venography in the patent arteriovenous fistulas 
showed normal filling and smooth vein walls. In the 
patients in whom the fistula thrombosed some irregu- 
larities of the graft could be seen, although it was 


patent. All the patients in whom ligation of major 
veins had been performed, and this was done when 
other medical considerations were predominant, com- 
plained of swelling of the affected limb. Venography 
in these cases showed drainage via collateral and 
tortuous veins (Schramek et al., 1975). 

There were multiple system injuries in a high pro- 
portion of cases (Table VIH). The case history of one 
such patient is given as an example of the problems 
presented, 

A soldier was brought in with injuries to both his elbows 
which were effectively almost amputations (Fig. 1}. There were 
torn arteries and veins, contused nerves and extensive soft 
tissue injuries in addition to the damage of the bony parts 
of his elbows. It was decided to try to preserve the limbs as 
the condition was bilateral. The gaps between the brachial 
and radial arteries on the left and the radial and interosseous 
arteries on the right were bridged by vein interposition grafts. 
The veins were ligated as the cephalic veins appeared un- 
damaged. The fractures were stabilized by Kiintscher nails. 
Peripheral pulses returned immediately after the procedures. 
A few days later there was secondary arterial bleeding in the 
right arm caused by infection. The bleeding came from the 
proximal host artery which was in a state of dissolution due 
to purulent infection. An above-elbow amputation became 
imperative, as haemostasis was ineffective. The repair on the 
left elbow healed by primary intention. 

A problem now posed by this individual, who is profes- 
sionally fully rehabilitated, is the positioning of the ankvlosed 
left elbow. 


Use of hyperbaric oxygen 
There were 7 soldiers who showed severe peripheral 
ischaemia despite successful vascular repair. In these 
7 cases hyperbaric oxygen therapy was given with 
good results. Repeated 2-hour sessions in a hyper- 
baric oxygen chamber with 2-hour intervals between 
them were given. The pressure in the chamber was 
raised to 2-8 absolute atmosphere (283 kPa). In some 
cases this treatment reversed a desperate ischaemic 
situation despite earlier successful vascular repair. 
With acute limb ischaemia a series of pathological 
events occurs in the vessels, nerves and muscles, 
mainly in the capillary bed. Damage to the endo- 
thelium results in increased permeability of the capil- 
lary wall to water, electrolytes and organic substances, 
producing oedema in the ischaemic tissue. After re- 
vascularization, owing to the increased vascular pres- 
sure there is further escape of fluid into the interstitial 
compartments of the ischaemic tissue, thus increasing 
the oedema. Paradoxically, ischaemia may be aggra- 
vated by late revascularization. Hyperbaric oxygen 
therapy enables oxygenation of the tissue even in 
cases where the blood flow is disrupted (Wang et al., 
1966). This allows survival of the ischaemic tissue 
until the pathophysiological changes produced by the 
ischaemia regress. At that stage the oedema resolves 
and capillary circulation is re-established. In all 7 
cases gangrene was imminent before hyperbaric oxy- 
gen therapy was initiated; however, no major ampu- 
tation was required although the toes in one patient 
required ablation. Hyperbaric oxygen therapy should 
be considered in cases of vascular injury with persis- 
tent signs of peripheral ischaemia despite successful 
vascular repair. 


Associated nerve injuries 

Owing to their anatomical proximity, there is in war 
casualties occasional concomitant damage to blood 
vessels and nerves. In these injuries there is a disparity 
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between the immediate technical and the ultimate 
functional results, as estimated by the eventual use- 
fulness of the extremity. Such an injured limb is in 
immediate danger due to arterial insufficiency and 
later threatened with incapacity due to lack of inner- 
vation. Moreover, the degree of motor and sensory 
dysfunction often cannot be correctly assessed primar- 
ily. Any attempt at repair involves an immediate 
and often complicated vascular intervention, primary 
and delayed treatment of bone and soft tissue 
injuries and delayed treatment of nerves. This requires 
a long and costly hospitalization, convalescence and 
rehabilitation. 

Two questions arise in this kind of injury: 

1. Is it worth while to undertake such a tremendous 
amount of work in order to obtain an unpredictable 
functional result, or is it better to perform an early 
amputation and quick rehabilitation by means of a 
prosthesis ? 

2. Is a partially functioning limb better than a 
prosthesis ? 

In the present series there were 6 patients with 
neurovascular injuries. In 4 of the cases the upper 
limb was involved, and in the remaining 2 the knee 
was affected. All the arteries were repaired on the 
day of injury and in every case distal pulses became 
palpable immediately after the operation (Table LX). 

There were 11 nerve injuries in these 6 cases (Table 
X). In the upper extremity more than one nerve was 
always involved. Six nerves were found to be torn: 
the remainder had sustained blunt injury with clinical 
and electromyographic loss of conductivity. Eight 
nerves were treated surgically, 3 by neurolysis and 5 
by suture. These operations were performed 1-7 
months after the injury. One patient was lost to 
follow-up. The other 5 were examined 1 year after 
surgical repair of the nerves. The results were assessed 
by clinical examination and by electromyography 
(Table XI). There was one failure and one mediocre 
result, both in the lower limbs. The results of the 
remaining nerve repairs were good or excellent. Two 
additional nerve injuries recovered spontaneously 2-6 
months after injury. 

Vascular repair is beyond question necessary to 
forestall functional incapacity or to prevent outright 
gangrene. In neurovascular injuries interruption of 
the main arterial supply to the extremity may be 
followed by a delay in the return of nerve function 
(Sunderland, 1972). A high success rate of repair of 
arterial injuries is to be expected today. Therefore, in 
neurovascular injuries when contemplating the possi- 
bility of saving a limb and restoring its function, the 
vascular lesion should not be a limiting factor in the 
decision-making. 

In combined injuries of the upper extremity every 
effort should be made to save the limb. This is justi- 
fied because (a) nerve repair is more successful in the 
upper limb, (4) arm prostheses are less functional than 
those in the leg and (c) a partially functioning hand 
is better than the best prosthesis. 


Discussion 

The wounding force of high and low velocity missiles 
varies and is related to the distance travelled by them 
(Rich, 1968: Amato et al., 1970). The destructive 
power of fragments from explosive devices depends 
on the size of the fragment (Getzen et al., 1972). 
Thus, two variables, mass and distance, significantly 
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affect the damage produced. Low velocity missiles or 
fragments at the end of their trajectory may be de- 
flected by bone and fascial planes. Thus, the metallic 
body may take an erratic course, and this makes not 
only the pathway but also the amount of damage 
unpredictable. Entry and exit wounds of an injured 
extremity may erroneously appear remote from a 
major vessel. Every penetrating wound in the vicinity 
of a major vessel should be explored. Most vascular 
injuries are obvious because of actual haemorrhage 
or haematoma. The latter may be expanding or pulsa- 
ting and should be explored immediately. In addition, 
any pulse deficit or peripheral ischaemia should be 
sufficient to indicate that exploration is advisable, 
although a severely damaged or almost transected 
artery may not show any appreciable decrease in 
distal pulsation. In this case arteriography is indicated 
and helpful. 

The necessity of meticulous attendance to tech- 
nique in vascular repair in war casualties should be 
stressed, and will minimize the morbidity and mort- 
ality of the injured. Endothelial damage may be exten- 
sive without alteration of the external appearance of 
the artery (Rich and Hughes, 1969). The injured 
should receive individual rather than routine treat- 
ment. Wound débridement with excision of all dead 
muscle back to bleeding tissue is imperative to lessen 
the possibility of infection. Good judgement is re- 
quired to retain enough viable tissue to provide a 
bed and cover for the vascular reconstruction. 

End-to-end anastomosis is often possible when only 
2cm have to be bridged, but this rule cannot be 
accepted as absolute when tension is to be avoided. 
Therefore, ample use of interposition grafts of the 
contralateral saphenous vein should be made. In the 
present series this was done in 30 of 54 cases. 

In many procedures distal thrombectomy of secon- 
dary clots by Fogarty catheters was necessary regard- 
less of back-bleeding. Only regional heparinization 
was used. Whole body heparinization was not used 
as it cannot guarantee patency of vessel repair in the 
presence of adverse technical or other factors. More- 
over, it would add to bleeding from concomitant 
injuries and to the possibility of haematoma forma- 
tion and secondary infection. Intraoperative or post- 
operative graft thrombosis is mostly connected with 
technical inadequacy of repair, and immediate re- 
exploration is needed if loss of the extremity appears 
to be imminent. 

Although arterial continuity can be restored in 
almost all cases, loss of major venous return, especi- 
ally at the critical level of the knee, may eventually 
spoil the result of the arterial repair. Therefore, 
primary vein repair should be performed whenever 
possible. The importance of venous repair following 
injury is accepted today to prevent functional in- 
capacity resulting from ligation. Attention has been 
drawn to the fact that some extremities required 
amputation despite apparently successful arterial re- 
pair, when the concomitant vein was ligated (Rich, 
Jarstfer and Geer, 1974). In all our cases with venous 
repair no swelling was noticed, while ligation invari- 
ably caused oedema. 


Hyperbaric oxygen therapy proved to be an im- 
portant adjuvant in saving extremities in cases where 
successful vascular repair did not reverse limb-threat- 
ening ischaemia. Hyperbaric oxygen therapy enables 
oxygenation of the tissue, even in cases where blood 
flow is temporarily disturbed owing to severe oedema 
after delay in arterial reconstruction. 

In neurovascular injuries the site and level of the 
injuries should be taken into account. Every effort 
should be made to repair the damaged systems, 
especially in the upper limb. This is particularly im- 
portant when limb trauma is bilateral. The vascular 
lesion in itself should not be a limiting factor in the 
decision between primary repair and amputation. 
Neurovascular lesions are certainly no cause for 
primary amputation. 
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Abdominal aortic aneurysm: perianeurysmal fibrosis 


and ureteric obstruction and deviation 
S. G. DARKE, R. E. GLASS AND D. G. A. EADIE* 


SUMMARY 
Seven cases of ureteric obstruction and one case with 
bilateral medial ureteric deviation complicating in- 
flammatory aneurysm of the aorta are reported. The 
value of routine preoperative pyelography in all 
patients with abdominal aortic aneurysm is emphasized. 
Diagnostic difficulties that may arise when these 
conditions coexist are discussed. 

Our experience suggests that these patients are best 
treated by both aneurysmectomy and ureterelysis and 
that long term follow-up is advisable. 


NINETEEN Cases associating abdominal aortic aneurysm 
and ureteric obstruction have previously been re- 
ported (Table 1). Some authors have commented on 
the dense sheet of perianeurysmal fibrosis that may be 
present when these conditions coexist (Shumacker 
and Garrett, 1955; Labardini and Ratliff, 1967: 
Walker et al., 1972). In contrast to the more com- 
monly noted lateral ureteric displacement that some- 
times occurs with abdominal aortic aneurysm, in 
these ‘special’ circumstances there is usually medial 
deviation (Labardini and Ratliff, 1967). 


Patients and methods 

Between 1960 and 1976, 117 patients underwent operation for 
abdominal aortic aneurysm at the London Hospital. Eighty- 
two were elective procedures and in these the preoperative 
pyelographic evidence for ureteric deviation and obstruction 
was reviewed. Clinical features and laboratory investigations 
were compared in the patients with and without ureteric 
involvement. The management and follow-up of the patients 
with ureteric deviation and obstruction are reported. 


Results 

Ureteric deviation and obstruction 

There were 7 patients with both ureteric obstruction 

and medial deviation (5 bilateral, one left side and one 

right side). There was one patient with bilateral medial 

displacement but without obstruction. The clinical 

features of these cases are summarized in Table H. 
There were 10 patients with lateral displacement of 

the left ureter. These cases were not found to be 

otherwise noteworthy and are not considered further. 


Comparison of clinieal features of patients with and 
without ureteric involvement 
Age and sex: There was no difference in age or sex 
distribution (all 8 patients with ureteric involvement 
were male). 
Presenting symptoms and clinical diagnosis: Back and 
loin pain was the prominent symptom in 6 of the 8 
patients with ureteric abnormality. In only 8 of the 
74 patients with normal ureters was back pain the 
sole presenting symptom; of the remainder, 42 
complained of either abdominal pain alone or in 
association with back pain. Four patients presented 
with an abdominal mass, 4 with weight loss and 16 
were asymptomatic. 

The provisional diagnosis was either uncertain or 
incorrect in 4 of the patients with ureteric involvement. 


This was the case in only 2 of those without ureteric 
involvement. 
Aneurysm size: Aneurysms with ureteric involvement 
were slightly smaller (mean 6°6+ 2-1 cm) than those 
without ureteric involvement (mean 6-9 + 2-1 cm), but 
the difference is not statistically significant. 
Laboratory investigations: Haemoglobin investiga- 
tions, white blood count and serological tests for 
syphilis were normal in all the patients. Erythrocyte 
sedimentation rates were raised in all the patients 
with ureteric involvement above 20mm/h (mean 
54+ 21 mm/h). Only 2 cases without ureteric involve- 
ment had an ESR over 20 mm/h (mean 19 + 13 mm/h), 
The difference is statistically significant (1 = 4-3: 
P<0-01). 

Blood urea and serum creatinine levels were raised 
above normal in 7 patients. One patient had severe 


cardiac ischaemia and one severe hypertension. The - 


remaining 5 patients had ureteric obstruction; in 4 
cases this was bilateral. In none was the blood urea 
level greater than 15 mmol/l or the serum creatinine 
greater than 330 umol/i. 


Operative findings and management in patients with 
ureteric involvement 

In all the patients with ureteric involvement the 
ureters together with the great vessels were found to 
be plastered down to the posterior abdominal wall 
by a dense confluent sheet of fibrous tissue. This was 
not a feature of cases with normal ureters. The 
aneurysm was replaced by Dacron graft in all cases 
and ureterolysis was performed in 6, in one of which 
a small hole was made in the ureter which was over- 
sewn without subsequent ill-effect. In one patient 
ureterolysis was not performed because of technical 
difficulties. 

Walls of all the aneurysms were cultured and found 
to be sterile. 

Histological examination of the perianeurysmal 

fibrous tissue showed non-specific changes with dense 
fibrous tissue infiltrated by a few lymphocytes, 
plasma cells and eosinophills. There were occasional 
lymphoid follicles. 
Progress and follow-up: Postoperative pyelography, 
ESR and blood urea were normal in all except one 
case (vide infra). The period of follow-up was only 
6 months in 5 of the patients, and 18 and 36 months 
respectively in the remaining 2. Three patients were 
lost to further follow-up. 

The patient in whom ureterolysis was not per- 
formed showed initial recovery on pyelography at 
6 months after surgery, but further studies at 18 
months showed recurrence of obstruction of the right 
ureter. However, the patient was asymptomatic and 
had normal ESR, blood urea and serum creatinine 
levels and creatinine clearance. The ureter was 
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Table I: SUMMARY OF 19 CASES REPORTED IN THE LITERATURE 


Blood Resection Subsequent 
Case Clinical urea/ of Surgery to renal 
No. diagnosis creatinine aneurysm ureters function Authors 
I Aneurysm —- (Wiring) Ureteral i — - Schloss and Kaplan (1953) 
catheters 
2 Aneurysm Raised No Nephrostomy, Recovery Shumacker and Garrett (1955) 
ureterolysis 

3 Aneurysm Raised Yes Ureterolysis Recovery De Weerd et al. (1955) 

4 Uncertain _ No Nephrostomy Patient died Jellinek (1956) 

5 Uncertain Normal No Ureterolysis improvement Crane (1958) 

6 Uncertain Raised Yes Ureterolysis Recovery 

F Uncertain Raised Yes Nephrostomy Patient died Pearlman and Mackey (1960) 
8 Uncertain Normal Yes Ureterolysis Recovery Albers and Bettaglio (1961) 

9 Aneurysm Raised No Ureterolysis Recovery Cottler and Immergut (1961) 
10 Uncertain ~= Yes Ureterolysis = Spittell and Hunt (1966) 
im Uncertain Raised Yes Ureterolysis Improved Labardini and Ratliff (1967) 
12 me Yes None Recovery Eastcott (1969) 
13 Aneurysm Raised No None Stable Wagenknecht and Madsen (1970) 
14 Uncertain Raised No Ureterolysis Improved 
15 Aneurysm Raised No Ureterolysis Recovery Abercrombi and Hendry (1971) 
16 Uncertam aa No Ureterolysis Improving Abbott et al. (1973) 
17 Uncertain Raised No Nephrostomy Satisfactory Friedel et al. (1973) 
18 Uncertain Normal Yes Ureterolysis Recovery Boontje et al. (1974) 
19 Aneurysm Normal Yes Ureterolysis Recovery Rothman and Kendall (1974) 


Ureteric obstruction was bilateral in I cases and unilateral in 5 (4 on the left side). Two occurred in association with a 


solitary kidney. 


Table H: CLINICAL FEATURES OF THE PRESENT 
SERIES 


Presenting Clinical 
Case Age symptoms diagnosis IVP findings 
l 71 Back pain Uncertain Bilateral obstruction 
2 58 Loin pain Aneurysm Bilateral obstruction 
3 51 Back pain Uncertain Bilateral obstruction 
4 62 Back pain Aneurysm Bilateral obstruction 
5 64 Loin pain Uncertain Bilateral obstruction 
6 70 ~—s Pulsatile Aneurysm Right ureteric 
mass obstruction 
7 64 Back pain Uncertain Left ureteric 
obstruction 
8 73 Pulsatile Aneurysm Bilateral ureteric 
mass deviation 


Aen enna Lucerne eee rate IVE apm a er en erin AAAA manny Tryna da AAA infra 


recently re-explored and found to be entrapped in a 
fibrous tunnel. Ureterolysis was performed with a 
satisfactory result. 


Discussion 
Walker et al. (1972) reported that a raised ESR and 
a dense sheet of perianeurysmal fibrosis may occur 
with abdominal aortic aneurysm, and Labardini and 
Ratliff (1967) described medial ureteric deviation 
under these circumstances. The present series em- 
phasizes that actual obstruction and renal impair- 
ment may ensue when these conditions coexist. The 
relatively high incidence of ureteric involvement 
(10 per cent) described here is probably related to our 
practice of performing routine preoperative pyelo- 
graphy in patients with aortic aneurysm. It is sug- 
gested that this should be undertaken irrespective of 
blood urea and creatinine estimations in all patients 
with suspected or known abdominal aortic aneurysm. 
Repeated small leaks are a possible factor in the 
aetiology of this form of fibrosis (Frazier, 1938; 
Wagenknecht and Madsen, 1970), but the absence of 
haem pigments in the adjacent tissue has been cited 
as evidence refuting this argument (Abbott et al., 
1973). An exaggeration of the inflammatory response 


usually present in the wall of the aneurysm has been 
suggested as a cause (Labardini and Ratliff, 1967), 
and the observations that symptoms are immediately 
alleviated and the ESR falls to normal following 
resection of the aneurysm suggest that the aneurysm 
itself is the ‘primary’ pathology. 

Diagnosis of the condition may be difficult. The 
encasement of the aneurysm in fibrous tissue may 
make it difficult to palpate. Back pain, raised ESR 
and blood urea levels and medial deviation and 
obstruction of the ureter suggest idiopathic retro- 
peritoneal fibrosis (Lemmon, 1966). We have found 
ultrasonic scans helpful where doubt exists. 

In considering the operative management of these 
patients the place for both ureterolysis and aneurysm- 
ectomy remains contentious. The risk of rupture 
might seem to be slight in the presence of such dense 
fibrous tissue, but among 34 patients operated on for 
ruptured abdominal aortic aneurysm at the London 
Hospital during the same period, there was one with 
all the features of perianeurysmal fibrosis described 
here. Walker et al. (1972) found that 15 per cent of 
patients with this condition presented with rupture. 
These numbers are small but illustrate that a risk of 
rupture still exists and resection of the aneurysm is 
preferable, therefore, for these reasons alone. How- 
ever, the presence of widespread fibrosis may make 
this hazardous and in a poor risk patient may not be 
justifiable. Under these circumstances ureterolysis 
alone may be performed, and there are cases reported 
in the literature to vindicate this practice (see Table 1). 
Alternatively, this problem has been treated suc- 
cessfully by the use of steroids, without resection or 
ureterolysis, with alleviation of symptoms and 
restoration of renal function (Jamieson, 1976). 

If resection of the aneurysm is feasible, the question 
arises as to whether ureterolysis should be per- 
formed as well. Damage to the ureter carries a risk 
that there may be contamination of the graft (Eastcott, 
1969), and aneurysmectomy alone has been reported 
as alleviating ureteric compression, from both an 


+ 


aortic aneurysm (Eastcott, 1969) and an iliac aneurysm 
(Redman and Cambell, 1975). In the present series 
only one patient was treated in this manner. There 
was initial recovery in renal function, but subsequent 
pyelography, performed routinely, showed recurrent 
obstruction. At a second operation this was found 
to be due to fibrous entrapment. This experience, 
although derived from a single case, suggests that 
both aneurysmectomy and ureterolysis are preferable 
where possible and that indefinite follow-up with 
repeated pyelography is advisable. 
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Knotted drainage tube: an unusual 


postoperative complication 


R. DOWNING, A. WILKINSON AND J. ALEXANDER-WILLIAMS* 


SUMMARY 
Spontaneous knotting of a postoperative drainage tube 
is reported. 


THE Redi-Vac closed suction drainage system 
(Zimmer Orthopaedic Ltd) is frequently employed in 
draining surgical wounds, yet complications associ- 
ated with its use are infrequent. We report here the 
spontaneous intra-abdominal knotting of such a 
drain. 


Case report 

A 48-year-old man was admitted for elective cholecystectomy 
5 weeks after an attack of acute cholecystitis. Oral chole- 
cystography had revealed a non-functioning gallbladder. He 
was otherwise healthy apart from weakness and wasting of the 
muscles of both legs and abdominal musculature secondary 
to an episode of poliomyelitis in 1949. Laparotomy via a 
right upper paramedian incision revealed a hyperaemic 
oedematous gallbladder with surrounding adhesions, although 
the common bile duct was considered normal by operative 
cholangiography. Retrograde cholecystectomy and appen- 
dicectomy were performed. The subhepatic area was drained 
with a 3-mm perforated Redi-Vac drain (1800H) emerging in 
the right flank through a separate stab incision and sutured to 
the skin. 

No postoperative complications were encountered until the 
third day, when attempts to remove the drain failed. Abdominal 
X-ray revealed a slightly radio-opaque tube with a knot at the 
free end and this was confirmed 2 days later by excision under 
a general anaesthetic (Fig. 1). Thereafter, the patient’s recovery 
was uneventful and he was discharged home the following day. 


Discussion 
This complication has not been previously reported. 
It is a matter for conjecture how the knotting occurred, 





Fig. 1. Excision of the drainage tube. 


but it is the practice in this hospital to coil the tubes 
prior to autoclaving and this may have been a 
contributory factor. In view of its infrequent occur- 
rence, we do not consider it to be an indication for 
radio-opaque marking of such tubes, so adding 
expense to what is a relatively cheap and effective 
method of achieving postoperative drainage. 





* The General Hospital, Birmingham. 
Present position of R. Downing: Lecturer in Anatomy, The 
University of Birmingham. 
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A complete suction system for operative surgery 


LAURENCE F. TINCKLER* 


SUMMARY 

A versatile suction system utilizing a hand-held suction 
head with on-off control is described. Interchangeable 
nozzles and guards adapt the sucker to work appro- 
priately in most operative situations. 


Most surgeons will agree that an efficient sucker is an 
essential instrument in an operating theatre. Pre- 
requisites of the ideal instrument are that it should be 
instantly available for action, silent when not in use, 
capable of being used in different situations and of 
being operated unattended. 

Circumstances which necessitate suction during 
operations are many and diverse. No single design of 
sucker is appropriate to all the various conditions. In 
order to meet this situation a suction system has been 
devised with versatile capability. 

The common denominator of the system is a section 
head consisting of a handle and a section chamber 
with a spring-loaded cut-off valve operated by a 
plunger by thumb pressure and which can be held in 
the ‘on’ position by means of a bayonet lock. The 
cut-off valve operated by a spring-loaded thumb 
piece opens the valve when depressed and closes it on 
release, thus interrupting the vacuum and stopping 
the noise inseparable from a sucker in use. (All 
measures designed to reduce or eliminate noise in an 
operating theatre are, in this author’s opinion, 
highly desirable.) 

The suction head is adapted to particular tasks by 
the application of interchangeable nozzles and guards Fig. 2. Bowel decompression using the sump suction nozzle 
(Fig. 1). and guard with the companion bowel clamp to prevent 

1. A 20-cm nozzle for point suction anywhere, e.g. soiling. 

a bleeding point. 

2. A 20-cm nozzle and perforated guard for general 
sump suction in the peritoneal cavity. 

3. Luer lock needle applicator for aspiration of 
fluid or gaseous contents of any hollow viscus, e.g. 
obstructed large bowel, gallbladder, hydrocele etc. 








Fig. 3. Suction ‘catch-all’ for use particularly during biliary 
tract surgery. 





Fig. 1. The suction head and the range of interchangeable 
nozzles and guards for various purposes (for details see — Ů——————ŽŮČČŮŽŮ— 
text). * Department of Surgery, Maelor General Hospital, Wrexham. 
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4. A 20-cm nozzle and guard with terminal side 
_ ports for sump suction in the prostatic cavity during 


a - prostatectomy. A tommy bar is available which 
enables the sucker to be held in the universal chuck of 


: a mechanical assistant, a useful manceuvre keeping 
the prostatic cavity dry pending haemostasis being 


ce secured (Tinckler, 1973). 


5. A 30-cm nozzle and perforated guard for sump 
decompression of obstructed. bowel which is used 
with a companion bowel clamp. This clamp is non- 
crushing and bears a ring in its centre section which 
encloses the sucker nozzle thus preventing spill of 
bowel contents (Fig. 2). 





6. Suction sieve for use during biliary tract. surgery 
which acts as a ‘catch-all’ for gallbladder contents— 
bile and gallstones—-when that viscus is. emptied prior 
to carrying out operative cholangiography by the 
transgallbladder method (Tinckler, 1974) (Fig. 3). 

This instrument and its several attachments are 
available from Downs Surgical Ltd, Church Path, 
Mitchum, Surrey. 
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The pacemaker-twiddler’s syndrome: another 
disadvantage of abdominal implantation 


of pulse generators 


B. N. GUHARAY, J. C. GHOSE, H. MAJUMDAR AND A. K. BASU* 


SUMMARY 

Breakage of a pacer lead due to the pacemaker- 
twiddler’s syndrome (PTS) occurred in 4 of 62 survivors 
following epicardial-intramural pacer lead implantation 
with the pulse generator placed in each case in a 
subcostal left upper quadrant subcutaneous pocket. 
The abdominal pulse generater pocket appears to 
invite spontaneously occurring PTS, more so in a 
pregnant woman. The important predisposing factor 
to the development of PTS is an excessively spacious 
pulse generator pocket containing a pool of fluid. 
Addition of a few simple modifications to the technique 
of cardiac pacing would prevent the complication; 
these include implantation of the pulse generator 
in a plane deeper to the pectoral museles, suspending 
the pulse generator from the clavicle and application 
of vacuum-suction drainage to the generator pocket in 
the initial phase of wound healing, In the presence of an 
optimally fitting pulse generator pocket, PTS should be 
rare with subclavicular subpectoral pulse generator 
implantation without active patient participation. 
The syndrome may not be as rare a cause of pacer lead 
malfunction as may appear from the relative paucity 
of reports in the literature. 


More than 2 years have passed since we described 
our technique of epicardial-intramural pacer lead 
implantation on both right and left ventricles using 
local anaesthesia (Guharay et al., 1974). Patients 
belonging to the younger age groups and those with 
recurrent failures of their transvenous pulse generator 
units due to various causes have recently been 
selected for epicardial pacing. 

There are now 62 survivors who have been followed 
up for at least 18 months. Apart from the complication 
of pulse generator infection which occurred in 2 
patients, the other more frequent late complication 
in this series was breakage of the pacer lead due to 
spontaneous rotation of the implanted pulse generator 
in its pocket leading to premature cessation of pacing 
and recurrence of Adams--Stokes seizures, constituting 
the so-called pacemaker-twiddler’s syndrome (Bayliss 
et al., 1968). This occurred in 4 of our patients, each 
having his pulse generator located in a subcostal left 
upper quadrant subcutaneous pocket, The complica- 
tion occurred early in our experience. Since introduc- 
tion of certain modifications to the technique there 
has been no incidence of any complication relatable 
to the pulse generator and its pocket, 


Case reports 

Case 1: N. A., a 65-year-old male, underwent implantation of 
a Devicest pulse generator of the demand variety with a 
unipolar epicardial electrode on 10 March 1973 for Adams- 
Stokes seizures due to intermittent complete heart block. (He 
was previously paced with a transvenous pulse generator 
which failed repeatedly because of electrode dislodgement.) 
The pacer lead was fixed to the anterior rectus sheath with two 


silk sutures. The abdominal pocket was not drained. On 
4 January 1975 Adams—Stokes seizures recurred and the 
patient was readmitted to the hospital through the emergency 
room. His pulse rate was 40/min. The ECG trace showed 
idioventricular rhythm with absent pacer spikes. Portable 
X-ray revealed rotation of the pulse generator on its own axis 
for several turns resulting in lead retraction and fracture 
(Fig. 1). There was no suggestion of deliberate twiddling of 
the pulse generator on the part of the patient. The pulse 
generator pocket appeared full and the generator margin 
indistinct. | 

At re-exploration the pacer lead was found to have under- 
gone eleven turns before it joined the pulse generator. The 
spacious pocket contained about 20 mi of sterile yellowish 
fluid. The pulse generator and the lower fragment of the 
broken pacer lead were removed and cardiac pacing was 
reinstituted with the help of a demand-type transvenous pulse 
generating unit of the same make. The pulse generator was 
implanted deep to the pectoral muscles and was suspended 
from the clavicle. 


Case 2: A. K. S., a 68-year-old hypertensive male, underwent 
epicardial pacing on 22 March 1974 for an atrioventricular 
block complicated by Adams—Stokes seizures. A Devices 
implantable pulse generator of the demand variety was used. 
The pacer lead was fixed to a rib on its way to the abdominal 
pocket. The pocket was not drained. The patient was re- 
admitted to the hospital through the emergency room on 20 
March 1975 for recurrence of Adams-—Stokes seizures. The 
pulse rate was 40/min and the ECG trace showed absence of 
pacer spikes in the supine position. On assumption of the sit- 
ting position with slight forward bending the pulse rose to 
the preset rate of 71/min and pacer spikes appeared in the 
ECG trace in regular sequence. X-ray revealed pacer lead 
retraction resulting from pulse generator twiddling (Fig. 2). 
Clearly, the sitting posture established lead continuity through 
approximation of the broken ends of the lead within an intact 
insulation, reviving the pulse generator function (Abinader, 
1974). The patient denied that he might have twisted the 
implant within the subcutaneous pocket. 

On 26 March 1975 his pacing apparatus was revised in 
favour of a demand-type transvenous pulse generating unit 
of the same make. The generator pocket contained about 15 ml 
of clear fluid and the generator had rotated for about eight 
complete turns on its longitudinal axis. The second pulse 
generator was placed deep to the pectoral muscles in the 
subclavicular area and was suspended from the clavicle. 


Case 3: M. M., a 26-year-old female, underwent epicardial 
implantation of a pacer lead with a fixed-rate Devices pulse 
generator placed in an abdominal pocket on 22 March 1973. 
She had been having complete heart block with idioventricular 
rhythm for 4 years and developed her first Adams~—Stokes 
attacks shortly before her admission to hospital. The attacks 
were precipitated by a febrile episode and were repetitive. She 
needed urgent temporary pacing. On 17 October 1974, when 
she was readmitted through the emergency room, she was 
in the thirtieth week of pregnancy and was suffering from 
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a b 
Fig. 1. Case 1. a, Postimplantation X-ray film, June 1973. The left ventricular epicardial electrode and the pacer lead are in 
good positions. A defunct transvenous electrode is also seen. b, X-ray film on readmission, January 1975. The retracted and 
straightened out pacer lead with an intrathoracic break, the uplifted pulse generator and a densely knit coil of the pacer 
lead at the hilum of the generator are seen. 





p 





a 


Fig. 2. Case 2. a, Postimplantation X-ray film, March 1974, showing satisfactory positions of the pacer lead and left 
ventricular epicardial electrode. b, X-ray film on readmission, March 1975, showing a thick coil of the pacer lead at its 
junction with the pulse generator. The intrapericardial loops in the postimplantation film are lost due to lead retraction. 
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a b 
Fig. 3. Case 3. a, Postimplantation X-ray film, April 1973. The position of the pacer lead is satisfactory. b, X-ray film after 
readmission, October 1974, showing lead retraction and breakage due to twiddling of the pulse generator through several 
turns. 








b 


Fig. 4. Case 4. a, Satisfactory positions of the pacer lead 
and left ventricular epicardial electrode in the 
postimplantation X-ray film, April 1974. b, Operative 
photograph showing a coil of the pacer lead at its 
junction with the pulse generator which had rotated 
through six complete turns on its long axis 

to produce a lead break. 
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recurrence of the original symptoms. The ECG trace in the 
supine position showed sinus rhythm with a prolonged P-R 
interval and an absence of pacemaker spikes. Change of 
decubitus did not bring about any change in the ECG pattern. 
Portable X-ray showed a coil of pacer lead at the point of its 
junction with the pulse generator and a break in the lead 
(Fig. 3). Twenty-four hours before her arrival at the hospital 
she had been seen in outpatients with a normally functioning 
pulse generator unit. She, however, had expressed concern 
about the pulse generator, which, she felt, had been showing 
a peculiar tendency to become unusually prominent at times, 
producing an uncanny sensation of uneasiness. The enlarging 
abdomen of this pregnant lady had changed the lie of the pulse 
generator which could be freely manipulated in all directions. 
The sinus rhythm did not persist, however; the block soon 
reappeared and the patient had to be temporarily paced. 
(During the following months of pregnancy she regained the 
sinus rhythm during the last 3 months but the original heart 
block recurred following an uneventful delivery by Caesarean 
section.) 

At re-exploration there were found to be nine turns of the 
pacer lead. The generator pocket was unusually spacious and 
contained about 30 mi of sterile fluid. The pulse generator and 
the lower fragment of the broken lead were discarded. Because 
the patient developed sinus rhythm, although only for a brief 
period, a transvenous demand-type Devices pulse generating 
unit was implanted. The generator was placed in a subclavicular 
subpectoral pocket and was suspended from the clavicle. 


Case 4: U. B., a 42-year-old female, was originally paced with 
a Devices fixed-rate pulse generator with a unipolar epicardial 
lead on 23 March 1974 for syncopal attacks due to third- 
degree heart block. On 6 March 1975 she complained that on 
lying flat in bed she had felt faint; her pulse dropped to between 
40 and 64/min and became irregular. Assumption of the 
sitting position would recover the preset rate of 72/min. The 
ECG trace recorded regular pacer spikes with uniform ventri- 
cular responses even in the positions allegedly productive of 
bradycardia. The chest X-ray revealed a straightened intra- 
thoracic pacer lead; unfortunately, the pacer pocket was not 
included in the view. 

The patient was readmitted to the hospital and the pulse 
generator pocket was explored. A redundant pocket containing 
about 20 mi of purulent-looking thick fluid was discovered. 
(The fluid was subsequently reported sterile.) There was a coil 
of pacer lead at its junction with the pulse generator (Fig. 4) 
which produced a lead fracture within an intact insulation at 
the most proximal point of its fixation to the rectus sheath. A 
slight downward pull on the pulse generator brought about 
cessation of pacing and releasing the pull resulted in resump- 
tion of pacing through re-establishment of the electrical 
continuity. After discarding the lower fragment of the broken 
lead there was sufficient wire remaining to be connected to the 
pulse generator. The generator pocket was drained for 96 hours 
using a closed-circuit vacuum-suction apparatus in an 
endeavour to prevent ejection of the pulse generator. Pulse 
generator infection was avoided. 


Discussion 

Breakage of the pacer lead or dislodgement of the 
electrode tip leading to cessation of pacing is not an 
uncommon complication with implantable pulse 
generators. A break or dislodgement may be brought 
about by migration of the pulse generator in the 
senile tissues of the patient, or an excessively long 
pacer may undergo twists due to rotation of the pulse 
generator on its own axis in a relatively redundant 
subcutaneous pocket containing some free fluid, 
producing lead retraction. The latter may be brought 
about either spontaneously or by habitual or uncon- 
scious twiddling of the pulse generator on the part 
of the patient (Bayliss et al., 1968; Stanford et al., 
1968; Mascarenhas and Center, 1973). Bayliss et al. 
(1968) were the first to define the complication into a 


syndrome, namely the pacemaker-twiddler’s syn- 
drome (PTS). The syndrome may not be as rare as 
may appear from the relative paucity of reports in the 
literature (Bayliss et al., 1968; Meyer et al., 1974). 
Careful scrutiny of the mechanism of lead malfunction 
in many patients would have revealed the syndrome 
to be operative. Reports dealing with the subject of 
premature pacing failure have produced X-rays 
illustrating the syndrome apparently without the 
awareness of the authors (Parsonnet et al., 1963; 
Terzi and Hutchin, 1968; Condon, 1974; Kim et al., 
1974). 

So far the syndrome has usually been described in 
association with the transvenous mode of pacing, 
with the pulse generator implanted in a pectoral 
subcutaneous pocket (Bayliss et al., 1968; Mascarenhas 
and Center, 1973; Kim et al, 1974; Meyer et al., 
1974). However, lead breakage is a more common 
complication with epicardial pacer lead implantation 
with the pulse generator housed in a subcutaneous 
abdominal pocket than is lead retraction with trans- 
venous pacer lead insertion with the generator 
placed in a pectoral pocket (Harthorne et al., 1968; 
Mascarenhas and Center, 1973; Brenner et al., 1974). 
With an abdominal implantation site not only has 
the pacer lead to withstand stress every time the 
patient bends (Furman et al., 1965; Abinader, 1974), 
but the roundish pulse generator is also given the 
drive to rotate on itself in the presence of a spacious 
pocket containing a pool of fluid. Both these 
mechanisms would encourage lead breakage. This is 
particularly so in a pregnant woman during the 
advanced months of pregnancy when the enlarging 
abdomen would squeeze the pulse generator against 
the costal arch by floating it up from its original 
stable lie to a variably changing unstable one. The 
clinical history of Case 3 illustrates this contention. 

Active patient participation may not be an impor- 
tant factor for PTS to be brought about in this 
anatomical set-up. In none of our patients has there 
been any suggestion of active patient participation. 
In contrast, a subclavicular pectoral pocket provides 
a rigid seat for the pulse generator in the anterior 
chest wall which gives postural stability and does 
not involve the risk of spontaneous twisting of the 
pulse generator. In a pectoral subcutaneous pocket, 
therefore, active patient participation may be a 
significant precondition for the precipitation of PTS 
(Bayliss et al., 1968; Stanford et al., 1968; Meyer et al., 
1974). As such, PTS may be expected to occur more 
commonly with the epicardial mode of pacing, which 
employs the abdominal pocket almost as a rule. 
That the abdominal pocket becomes particularly 
hazardous with the onset of pregnancy in a young 
woman has been shown (Middleton and Lee, 1971), 
although the blame was placed on the so-called faulty 
engineering of the pacemakers. Therefore, it is not 
surprising that, in our experience, only a few of the 
epicardially paced patients, who constitute about 
15 per cent of the entire series, had developed the 
complete syndrome. Certainly the observation does 
not imply that the epicardial mode of pacing is 
relatively inferior, for it has been repeatedly shown 
that the left ventricular myocardium is physiologically 
a better location for pacer lead implantation (Koltz 
et al., 1963; Vagnini et al., 1966; Furman and 
Norman, 1972; Brenner et al., 1974; Guharay et al., 
1974). Nevertheless, the observation does point to 


yet another drawback of implantation of pulse 
generators in an abdominal subcutaneous pocket. 
Our initial preference for the subcostal left upper 
quadrant pocket as a site for implantation of an 
epicardial pulse generator has, therefore, been revised 
in favour of the subclavicular subpectoral pocket. 

For the pulse generator to be able to rotate on 
itself it is necessary for the pocket to be spacious and 
to contain a pool of fluid. In the patients reported 
here and also in those reported previously (Bayliss 
et al., 1968; Meyer et al., 1974), the existence of these 
prerequisites for the development of PTS had been 
regularly observed. Clearly, in some patients dis- 
sipation of the postoperative accumulation of fluid 
in the pulse generator pocket does not take place as 
readily as might be expected, accounting for the 
preservation of an unduly spacious pocket. The 
pocket may further enlarge with the pulse generator 
movement in the initial phase of wound healing. 
The question of pacer lead malfunction due to 
migration of the pulse generator needs to be con- 
sidered in this context. We believe that the develop- 
ment of this complication solely as a result of down- 
ward migration of the pulse generator is probably 
rare, for enough excess wire is usually available in the 
generator pocket to compensate for the migratory 
demand on the length of the lead. Probably, twiddling 
of the pulse generator is also instrumental to some 
extent in the development of this complication. Close 
observation of some of the X-rays illustrating the 
papers by Terzi and Hutchin (1968), Kim et al. 
(1974), Meyer et al. (1974) and others would support 
this conjecture. 

Several procedural modifications have been sug- 
gested to safeguard against these complications. 
These include the use of a firm compression dressing 
over the pulse generator pocket for about a week 
postoperatively to discourage fluid accumulation and 
movement of the inserted pacer unit (Bayliss et al., 
1968); firm fixation of the electrode catheter to the 
surrounding tissues by means of a Cordis ‘butterfly’ 
(Meyer et al., 1974) and multiple ligatures of non- 
absorbable material (Bayliss et al., 1968); enclosing 
the pulse generator in a pouch of synthetic fibre mesh 
to promote quick adhesive tissue fixation (Parsonnet 
et al, 1973); suture fixation of the pacer lead at 
multiple points in its course to the pulse generator 
(Azzam, 1974); suspending the pulse generator from 
the clavicle (Kim et al., 1974); implantation of the 
pulse generator in a plane deeper to the flat muscles 
of the trunk to avoid the loose subcutaneous tissue 
of the aged (Bayliss et al., 1968; Mascarenhas and 
Center, 1973); and vacuum-suction drainage of the 
pulse generator pocket in the immediate postoperative 
period to forestall accumulation of fluid and the 
associated complications (Codini et al., 1974). 

Isolated fixation of the pacer lead on its way to the 
pulse generator by any of these means would not 
prevent lead fracture at the most proximal point of 
fixation should sufficient lead retraction take place 
because of movement of the pulse generator (Case 4) 
(Furman, 1974). Our initial enthusiasm for fixation 
of the pacer lead to the surrounding tissues (Guharay 
et al., 1974) has dwindled since our experience with 
the patients reported here, to the extent that this 
practice has been abandoned altogether. Similarly, a 
firm compression dressing lessens the chance of 
excessive fluid collection but it does not obviate the 
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risk entirely, nor does it produce collapse of the pocket 
on to the generator to give an optimally tight-fitting 
size and shape. Enclosure of the pulse generator 
within a pouch of synthetic fibre mesh would have the 
effect of providing a further source of complications, 
upsetting the theoretical benefit of the procedure. 

However, a few of the suggested modifications, 
conjointly, appear to be simple, safe, workable and 
conceptually sound. Suspending the pulse generator 
from the clavicle, a fixed anatomical point, would 
forestall pulse generator migration. We suspend the 
generator with the help of a thick ligature of non- 
absorbable material attached to the pacer lead very 
close to the generator and passed around the clavicle. 
Implantation of the pulse generator in between two 
flat muscles or deep to them has been shown to have 
prevented many of the lead complications (Mas- 
carenhas and Center, 1973), and this is due to avoid- 
ance of the loose areolar tissue of the older patient 
and to holding the sandwiched pulse generator in 
place between the powerful flat muscles. We place the 
pulse generator deep to the pectoral muscles. 

With regard to routine drainage of the generator 
pocket there is controversy. The subject has been 
considered from the point of view of prevention of 
pulse generator infection (Codini et al., 1974). We 
advised against drainage in our earlier communication 
(Guharay et al., 1974) and then had the misfortune 
to encounter the complication in two of our sub- 
sequent patients. We now opt for the routine use of 
closed-circuit vacuum-suction drainage of the pulse 
generator pocket for 48-96h postoperatively. Em- 
ployed for the first time in Case 4, whose pacer 
pocket showed a collection of purulent-looking 
material on re-exploration, in a desperate attempt to 
avoid ejection of the pulse generator, this simple 
device worked admirably well; pulse generator in- 
fection was forestalled and a tightly fitting pocket with 
the circumference of the generator clearly apparent 
on the surface resulted. Since adoption of the plan of 
routine drainage of the pacer pocket, complications 
relatable to the generator or its pocket have been 
singularly absent. The suction apparatus, by virtue 
of its ability to suck the pocket dry and to create a 
negative pressure area within the pocket in the initial 
postoperative phase, has usually been able to produce 
an optimal pocket for the pulse generator free from 
retained fluid. The preconditions for the development 
of PTS have thus been eliminated. The pulse generator 
pockets of a small number of patients who came lately 
to elective replacement of their generators have 
borne out this observation. 
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Choledochoscopy in exploration of the 


common bile duct 
D. FINNIS AND T. ROWNTREE#* 


SUMMARY 

The technique of operative fibreoptic choledochoscopy 
is described; the results are reported in 88 patients with 
gallstones requiring exploration of the common bile 
duct. There were no cases of retained calculi that were 
endoscopically undetected. Postoperative T-tube 
cholangiography was carried out in 81 cases and con- 
firmed the findings of operative biliary endoscopy in 
all cases. Choledochoscopy is an accurate and safe 
operative procedure which can eliminate the problem 
of undetected residual calculi. 


INCOMPLETE choledocholithotomy is a potential 
hazard for the patient undergoing exploration of the 
common bile duct. The subsequent demonstration of 
undetected residual calculi by postoperative chol- 
angiography may cause distress both to the patient 
and to the surgeon. Extensive literature is devoted to 
the postoperative management of retained calculi 
whilst much less has been published recently on 
preventing the problem by improved operative 
diagnosis and management. The incidence of residual 
common bile duct calculi varies between 4 and 14 
per cent (Havard, 1960; Glenn, 1974; Bergdahl and 
Holmlund, 1976); however, methods of measurement 
are not always uniform. 

The earliest report of choledochoscopy was in 
1923 by Bakes, who used a rigid instrument; improved 
types were subsequently described (McIver, 1941; 
Wildegans, 1960). A major advance occurred with 
the introduction of the first flexible fibreoptic 
choledochoscope (Shore and Shore, 1970; Longland, 
1973), but biliary endoscopy is still not a widely 
accepted operative procedure. 

It was decided to evaluate the technique and the 
results of choledochoscopy in a series of patients who 
were undergoing exploration of the common bile 
duct for gallstones. 


Patients and methods 

instruments 

Two flexible fibreoptic choledochoscopes were used-—the 
Olympus CHF and its successor the Olympus CHF-B2. The 
working length of the CHF-B2 is 610mm and the outside 
diameter is 5-7 mm. It is covered in a polyurethane-based 
plastic. The angle of the tip can be controlled through 120° in 
one plane, but the whole instrument may easily be rotated so 
that the angulation can be effected in any plane. The objective 
lens provides an angle of vision of 62° and the depth of focus 
is from 3 to 50 mm in water. There is a 2-mm diameter channel 
for fluid irrigation or for the insertion of biopsy forceps or a 
stone-retrieval basket. A continuous flow of sterile normal 
saline from a standard drip set through the instrument/ 
irrigation channel allows distension of the duct and clear 
vision through the fluid. For sterilization the instrument is 
stored for a minimum of 12h in polyvinyl! plastic bags with 
formalin tablets. Before use the choledochoscope is wiped with 
a damp swab to remove traces of formalin. The choledochoscope 
fits a standard light source and photographic equipment. 


Indications for choledochoscopy 
Our experience has been mainly with patients with choledocho- 
lithiasis, either suspected or confirmed. Choledochoscopy is 


carried out to exclude residual calculi at the end of the con- 
ventional surgical exploration. The common bile duct is not 
opened solely to perform biliary endoscopy. In addition, the 
choledochoscepe can be introduced along the track of a 
T-tube which has been left in place for at least 4 weeks and 
retained calculi may be retrieved under direct vision 
(Yamakawa et al., 1976). Occasionally choledochoscopy may 
be helpful in the management of neoplasms of the biliary 
tract (Tomkins et al., 1976). 


Technique | 

The common bile duct is usually approached through a 
Kocher incision. However, no difficulty has been experienced 
in the few patients who have been explored through midline, 
paramedian or transverse incisions. Antibiotic cover is not 
routinely given to patients undergoing biliary endoscopy. 

Operative cholangiography with cannulation via the cystic 
duct is carried out on all patients unless there is already an 
absolute indication for common bile duct exploration (e.g. 
stones palpable in the duct). 

The duct is explored through a longitudinal supraduodenal 
incision between stay sutures, and the duodenum, with the 
head of the pancreas, is fully mobilized by the Kocher 
manœuvre before exploration begins. Usually, after con- 
ventional surgical exploration, the choledochoscope tip is 
introduced distally through the choledochotomy. If the duct 
is widely dilated it may be helpful to cross over the stay 
sutures to reduce the leak of saline around the instrument and 
to allow full distension, which is necessary for visualization. 

The control unit of the choledochoscope is held in the right 
hand whilst the fingers and thumb of the left hand hold the 
mobilized duodenum and pancreas, so that the tip of the 
instrument is easily manipulated to allow an adequate view of 
the lumen and ampulla (Fig. 1). The instrument is advanced 
under direct vision and observation is continued during with- 
drawal, when the best views may be obtained. In many cases 
the tip is passed with ease into the duodenum: the pancreatic 
duct is not seen. Fig. 2 shows endoscopic photographs of 
common findings during biliary endoscopy; Fig. 2a shows the 
irregular mucosal appearance after removal of an impacted 
calculus at the ampulla. If a calculus is seen (Figs. 2b, c), it is 
washed out by the flow of irrigating saline or removed with 
conventional instruments. The choledochoscope is then re- 
introduced until complete clearance of calculi is confirmed. 

The proximal biliary tree, including the major intrahepatic 
bile ducts, is then examined to exclude calculi. It is usually 
easier to obtain an adequate view proximaily, as the liver 
parenchyma tends to hold the bile ducts open, so that the 
lumen requires less distension with the irrigating fluid (Fig. 2d). 

When endoscopy is completed the choledochotomy is closed 
with T-tube drainage. A post-exploratory operative chol- 
angiogram is not obtained; the endoscopic findings are 
checked by postoperative T-tube cholangiography before the 
tube is removed. 


Clinical experience 

A choledochoscope has been in use in our hospital since May 
1973, and up to December 1976 378 patients had been admitted 
for cholecystectomy under the care of the senior author 
(T. R). Of these patients, 122 also underwent exploration of 
the common bile duct. The choledochoscope was available in 
85 cases; in 2 cases, however, the examination failed because 
the diameter of the common bile duct was too small to permit 
insertion of the instrument. Therefore 83 of these patients 
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Fig. 1. Extraluminal control of the choledochoscope tip 
and common duct aids visualization. 





C 


Fig. 2. Endoscopic photographs showing distal common 
duct and ampulla (a), calculi in the common duct (b, c) 
and confluence of right and left hepatic ducts (d). 


Table I: RESULTS OF OPERATIVE BILIARY 
ENDOSCOPY 


Postoperative 


X-rays 
Postoperative confirmed 
Operative T-tube operative 
findings Total cholangiogram endoscopy 
88 81* 81 
No calculi 18 17 17 
on exploration (20:5%) 
or endoscopy 
Endoscopically 44 40 40 
clear after (50%) 
lithotomy 
Further calculi 24 22 22 
on endoscopy (27:3%) 
— lithotomy 
—> clear 
Endoscopically 2 2 2 
detected (2:2) 
inaccessible 
calculi 


* See text for explanation of omission of X-rays in 7 patients. 


underwent choledochoscopy. During the early part of the 
study the choledochoscope was used only by the senior author, 
and not all cases undergoing exploration also underwent 
operative endoscopy. During the past 2 years, however, a 
second instrument was available and operative choledochoscopy 
was carried out on all patients undergoing exploration of the 
common bile duct. In addition, the series includes a further 
5 cases (of which 2 were re-explorations and 3 were referred 
cases), making a total of 88 cases. The examinations were 
carried out by the authors or under their supervision. 

Eighty-one patients underwent postoperative T-tube 
cholangiography; in the remaining 7 patients postoperative 
X-rays were not obtained because of primary closure of the 
duct (5 cases), pregnancy (1 case) or premature removal of the 
tube (1 case). 


Results 

Eighty-eight patients underwent choledochoscopy 
(Table I). In 18 no calculi were removed at either 
exploration or endoscopy. In 44 cases, after con- 
ventional choledocholithotomy, endoscopy revealed 
no further calculi. In 24 cases endoscopy revealed 
residual calculi after choledocholithotomy and all 
calculi were removed before final endoscopy con- 
firmed complete biliary clearance. In 2 cases residual 
stones seen within the intrahepatic biliary tree re- 
mained inaccessible and these are classified as 
detected residual calculi. 

Postoperatively, 81 of the 88 patients underwent 
T-tube cholangiography. All of the 81 postoperative 
T-tube cholangiograms confirmed the findings of 
operative endoscopy. There were no stones detected 
by postoperative cholangiography that were missed 
by choledochoscopy. The intrahepatic residual calculi 
noted at endoscopy in 2 patients were confirmed by 
the postoperative X-rays in both cases. 


Complications 

There was no detectable trauma to the bile ducts 
caused by the choledochoscope. From a retrospective 
study of the notes we have not found an increase in 
sepsis in patients undergoing choledochoscopy. 

There was one late death (4 months) after extensive 
abdominal sepsis following combined supraduodenal 
and transduodenal approach to an impacted calculus 
at the lower end of the common duct. This could not 
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be attributed to the choledochoscope. At post- 
mortem the bile ducts contained no residual calculi. 
There were no other deaths. 


Discussion 

It is clear from our experience and from the collected 
series (Table If) that the routine use of the chole- 
dochoscope to confirm accurately the completion 
of choledocholithotomy can consistently reduce the 
incidence of undetected residual calculi to less than 
2 per cent as measured by postoperative T-tube 
cholangiography, which we think is the most accurate 
investigation to assess the incidence of residual calculi. 
In addition, the detection of inaccessible intrahepatic 
calculi allows the correct decision on management to 
be taken at operation, perhaps requiring choledocho- 
duodenostomy or transduodenal sphincteroplasty. We 
have not used the choledochoscope for choledocho- 
lithotomy under visual control with instruments 
inserted via the irrigation channel (Ashby, 1976); 
this is a technique that could possibly reduce further 
the incidence of inaccessible stones. Moreover, if the 
common bile duct is instrumented only under direct 
visual control, the trauma of ‘blind’ instrumentation 
and lithotomy may be avoided. There may then be a 
place for more frequent use of primary closure of the 
choledochotomy, so reducing the length and cost of 
hospitalization and perhaps avoiding the problems 
attributed to T-tube drainage (Keighley and Graham, 
1971). 

Choledochoscopy has replaced on-table completion 
T-tube cholangiography in our patients. Post- 
exploratory operative X-rays are time-consuming and 
less accurate than pre-exploratory X-rays (Le Quesne, 
1960) and are therefore frequently omitted by surgeons. 
Some authors have undertaken both ‘completion’ 
operative T-tube cholangiograms and postoperative 
cholangiograms, but only one (Schein, 1969) found 
a calculus at completion T-tube cholangiography 
missed by exploration and endoscopy. In none of our 
cases did the postoperative cholangiography and 
operative endoscopy fail to agree, and therefore no 
additional useful information would have been 
gained by completion cholangiography. 

The main place of choledochoscopy is at the con- 
clusion of conventional exploration of the common 
bile duct. In 24 patients calculi were located with the 
choledochoscope before the ducts were confirmed 
clear; not all would have resulted in cases of residual 
calculi postoperatively, but we have found that we 
are now prepared to spend less time on conventional 
‘blind’ exploration before using the choledochoscope 
to locate remaining stones, and once found, a calculus 
is usually easy to remove. Most of the stones located 
by the choledochoscope were in the distal common 
bile duct. With less time spent on conventional 
exploration, choledochoscopy adds little extra to the 
overall operating time. 

Some operators have been reluctant to persist in 
the use of the choledochoscope because of initial 
difficulties in obtaining a view of the distal common 
duct. However, with adequate mobilization of the 
duodenum and pancreas the common bile duct can 
be manipulated externally to achieve complete 
visualization. Compared with other forms of 
endoscopy, e.g. duodenoscopy and colonoscopy, the 
technique of choledochoscopy is, in our experience, 
easier, not only because of the extra aspect of direct 
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Table H: COLLECTED SERIES: INCIDENCE OF 

RETAINED CALCULI AFTER CHOLEDOCHOSCOPY 
Choledochoscopy and 
postoperative T-tube 


cholangiogram findings 
Endo- Residual 


scopically calculi 
detected missed 
Type of residual endo- 
endoscope Total cahali scopically 
Schein (1969) Rigid 117 0 0 
Shore & Shore Flexible 156 0 4 
(1970) 
Longland (1973) Flexible 37 3 2 
Leslie (1974) Both 91 0 Q 
Shore et al. Rigid 100 Q 3 
(1975) 
Finnis & Flexible $1 2 Q 
Rowntree 
(1977) 
Total $82 5 G 
(09%) 5%) 


een 


tip control but also because of the comparatively 
simple endoscopic anatomy of the bile ducts. 

Our experience has been with the flexible fibre- 
optic choledochoscopes, which we have found to be 
satisfactory. The first flexible instrament (ACMD 
was criticized because of inadequate tip control and 
poor optics (Shore et al., 1971), although good 
results were obtained in practice (Shore and Shore, 
1970). Visualization with our two instruments has been 
excellent and tip control is accurate. The reported 
results of rigid choledochoscopy (Table I) are 
comparable but the loss of flexibility does not seem 
to make for easier instrumentation of the biliary 
tree. 

Sterilization of the instruments with gas (either 
formalin or ethylene oxide) might not be complete 
because the inside of the control section and the 
lumen of the irrigation channel may not be fully 
penetrated. However, in 11 cases saline cultures from 
the irrigation channel were taken before endoscopy 
and all were sterile. Also, we have no clinical evidence 
of contamination by the instruments. Retrospective 
analysis of case notes is unreliable in assessing the 
incidence of sepsis following operation and a separate 
prospective study of the problem is in progress. 
Nevertheless, we have not noted an increase in sepsis 
with the introduction of the choledochoscope, nor 
have other authors. 

Operative fibreoptic choledochoscopy carried out 
during conventional surgical exploration of the 
common bile duct is a simple, accurate and safe 
procedure which can eliminate the problems of un- 
detected residual calculi. 
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Fybranta in diverticular disease 


60% of the patients were entirely symptom free after 
only one month onthe Fybranta regime. In addition, 
in all patients stool weight increased significantly; 
transit time was reduced by nearly a half and intra- 
colonic pressure was reduced to within normal limits. 


In a recent clinical trial published in the British 
Medical Journal* a comparison was made between 
three forms of treatment for patients with sympto- 
matic diverticular disease. The authors concluded 
from this study that Fybranta Tablets are more 
effective than a high-residue diet or a bulking agent. 


Fybranta did not merely improve the symptoms, the 
paper states that Fybranta also normalized the 
pathophysiological changes which diverticular 
disease brings about. 





Fybran 


Fybranta tablets are easily carried when the patient 
cannot eat at home. Chewed with a drink, they sup- 
ply a day's cereal fibre in a highly acceptable form. 
Each tablet contains: Bran 2g. 


ta 


TRADEMARK 


* Brit med J (1976) 1, 989-990. 





Convenient, chewable, prescribable bran tablets 


Full prescribing information on request from: Norgine Limited, 59-62 High Holborn, London WC1V 6EB 
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Ceporin prophylaxis 
in abdominal surgery 
reduces primary wound sepsis 








In 5 trials’ involving 2,491 operations 
Ceporin was shown to significantly 
reduce the incidence of primary sepsis 
in contaminated or potentially 
contaminated wounds, when 
compared with untreated controls and 
with other antibacterials and 
antiseptics. 
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Resistance not a problem 

Ceporin has been shown not to alter 
hospital ecology of bacteria. Whereas 
between 1971 and 1974 the number of 
strains resistant to ampicillin increased 
significantly.” 

1. Journal of Antimicrobial 
Chemotherapy (1975) 1, (Suppl.) 71 

2. Lancet (1975) 4, 1251 
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Serum ionized calcium in acute pancreatitis 


B. F. ALLAM AND C. W. IMRIE* 


SUMMARY 

Measurement of serum ionized calcium was performed 
daily for 7 days after admission in 8 consecutive 
patients with acute pancreatitis. The results support 
the findings of our previous study that the most common 
cause of the low serum calcium often found in patients 
with this disease is a low serum albumin; when cor- 
rection of serum calcium is made for hypo-albumin- 
aemia, most patients are found to be normocalcaemic. 
The occasional hypocalcaemia as shown by the ‘cor- 
rected’ serum calcium or by serum ionized calcium 
measurement is usually mild and transient, indicating 
that the normal homoeostatic mechanisms of the body 
can efficiently maintain the physiologically active 
fraction of the serum calcium within, or close to, the 
normal range. These findings explain the rarity of overt 
and subclinical tetany in acute pancreatitis. This study 
has shown that correction of serum calcium for albumin 
provides similar information to the direct measurement 
of serum ionized calcium. The value of ‘apparent’ 
hypocalcaemia in assessing severity of acute pan- 
creatitis requires reappraisal, while greater attention 
Should be directed towards the investigation and 
management of hypoalbuminaemia in this disease. 


As early as 1948, Gambill and his associates observed 
that severe hypocalcaemia (1:30-1:50 mmol/l) in a 
patient with acute pancreatitis was not associated with 
either overt or subclinical tetany. They noted low 
serum total proteins in such a patient and suggested 
that the physiologically active fraction of serum 
calcium might be present in adequate amounts. For 
nearly 30 years this observation has not been further 
pursued. Following the original theory of calcium 
deposition with fatty acids, in and around the damaged 
pancreas, in the form of calcium soaps (Edmondson 
and Fields, 1942), various hypotheses have been 
invoked to explain the ‘hypocalcaemia’ of acute 
pancreatitis. These include the effect of hyper- 
glucagonaemia per se (Paloyan et al., 1967: Tanzer et 
al., 1970; Cortes, 1971) or its effect in promoting 
calcitonin secretion (Pickleman et al., 1969; Shieber 
et al., 1969), hypomagnesaemia (Edmondson et al., 
1952) and parathyroid gland insufficiency (Condon 
et al., 1975; Robertson et al., 1976). Neither the 
original theory nor any of these hypotheses provides a 
convincing explanation of the high incidence of 
hypocalcaemia in acute pancreatitis (Edmondson and 
Berne, 1944; Leading Article, 1975; Imrie et al., 1976). 

In a recent prospective study of 130 patients 
with acute pancreatitis (Imrie et al., 1976), it was 
clearly shown that both hypocalcaemia and hypo- 
albuminaemia developed rapidly, with overall results 
and daily variations of serum calcium and albumin 
showing significant correlation. Hypocalcaemia was 
found in 67-5 per cent of patients (64-4 per cent of all 
results) and this is a similar incidence to the 72 per 
cent in the early report by Edmondson and Berne 
(1944). The present authors corrected the serum 
calcium for the associated serum albumin concen- 
tration and found that only 11-6 per cent of patients 
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had ‘true’ hypocalcaemiat (10-9 per cent of all results), 
mostly in the mild range (2-00-2-20 mmol/l). Tetany 
was not observed in our patients and attempts to 
elicit positive signs of subclinical tetany, even in 
patients with severe ‘hypocalcaemia’, were not 
successful (Imrie et al., 1976). 

The purpose of the present investigation was to 
determine the frequency and degree of hypocalcaemia 
in patients with acute pancreatitis by direct measure- 
ment of serum ionized calcium and, secondly, to check 
the validity of our simple correction procedure against 
direct measurement of serum ionized calcium. 


Patients and methods 

Eight consecutive patients with acute pancreatitis admitted to 
Glasgow Royal Infirmary during August and September 1975 
were studied. The basic data upon admission and the duration 
of hospitalization are presented in Table J. The criteria for 
diagnosis, details of biochemical monitoring and régime of 
management have been previously reported (Imrie and Whyte, 
1975; Imrie et al., 1976). 


Table I: BASIC DATA ON ADMISSION AND DAY 
OF DISCHARGE OF THE 8 PATIENTS WITH 
ACUTE PANCREATITIS 


Data on admission 


Serum 

Case Age amylase* Day of 
No. Sex (yr) (U/D Aetiology discharge 

I M 38 2100 Alcohol 9 

2 F 33 12 500 Biliary disease 12 

3 M 42 2100 Biliary disease 10 

4 M 19 5750 Alcohol 9 

5 M 35 1150 Alcohol 6 

6 F 57 6400 Biliary disease 6 

7 M 62 2940 Billary disease 9 

8 F 55 2000 Biliary disease TF 


* Reference range, 70-300 U/I 
+ Died on day 7. 


Venous blood (15 ml) was obtained from each patient with 
minimal or no haemostasis. Air was excluded immediately and 
5 ml blood transferred to a plain container for estimation of 
serum total calcium, total proteins and albumin. The remainder 
was used for estimation of serum ionized calcium. 

Serum calcium estimation was performed by atomic 
absorption spectrophotometry (Perkin-Elmer 403); samples 
were diluted 1 : 50 in 0-1 per cent lanthanum chloride (Fell and 
Peaston, 1973). Serum albumin was measured by the brom- 
cresol green binding method as modified for Auto-Analyzer 
(Northam and Widdowson, 1965). Dried purified human 
albumin (Behrengwerke) was used as primary standard. 
Individual serum calcium concentrations were corrected for 
their corresponding serum albumin as follows: Ca (corrected) 
alpaca a ch 
* University Departments of Pathological Biochemistry and 
Surgery, Royal Infirmary, Glasgow. 

Present position of B. F. Allam: Consultant Clinical Bio- 
chemist, Stobhill General Hospital, Glasgow, G21 3UW. 


t Throughout this communication, the term ‘true’ hypo- 
calcaemia will be used to indicate hypocalcaemia out of 
proportion to the associated degree of hypoalbuminaemia (i.e. 
serum calcium less than 2-20 mmol/l after correction for 
albumin). 
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Fig. 1. Post-admission daily changes in serum calcium in the 
8 patients with acute pancreatitis. Interrupted horizontal 
lines indicate the reference limits (mean + 2 s.d.). Case 8 is 
indicated by the symbol +. 
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Fig. 2. Post-admission daily changes in serum albumin in 
the 8 patients with acute pancreatitis. Symbols as for Fig. 1. 


= {(47 ~alb.} x 0-0194]+ Ca, where Ca= serum calcium in 
mmol/l, aib. = serum albumin in g/l and Ca (corrected) = 
serum calcium in mmol/l corrected for albumin. The figure 47 
is the mean albumin concentration in g/l for our reference 
group and the figure 0-0194 represents the slope or regression 
coefficient of calcium on albumin. Derivation of the regression 
equation has been previously described (Imrie et al., 1976). 

Serum ionized calcium measurement was performed by 
ultrafiltration as described by Putman (1972) without further 
modification using a semipermeable membrane (Amicon, 
type UM-10, molecular weight 10 000, size 25 mm) fitted into 
a filter holder (Millipore, type Swinnex-25). Ultrafiltrate 
ionized calcium was complexed with the pH-independent tetra- 
methyl-ammonium murexide and measurements were made 
on a Unicam SP 1800 spectrophotometer. Care was taken 
throughout the whole procedure to avoid exposure of blood 
or separated serum to air and the pH change of serum during 
ultrafiltration was noted to be less than 0-01. The estimated 
ionized calcium concentration in ultrafiltrates was converted 
to the corresponding concentration in serum (McLean and 
Hastings, 1935). The method is simple, specific and gives 
excellent reproducibility; the within-batch coefficient of varia- 
tion for duplicate serum estimations is 1-5 per cent and the 
between-batch coefficient of variation for a frozen serum pool 
is 6-3 per cent. The only two limitations of the method are the 
time required for ultrafiltration (about 2 h) and the number of 
specimens which can be processed simultaneously (maximum 
6 with our present equipment). 


SERUM CALCIUM - Corrected 
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Fig. 3. Post-admission daily changes in serum calcium 
corrected for albumin in the 8 patients with acute 
pancreatitis. Symbols as for Fig. 1. 
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Fig. 4. Post-admission daily changes in serum ionized 
calcium in the 8 patients with acute pancreatitis. Symbols as 
for Fig. 1. 


Reference biochemical values for serum calcium and 
albumin were obtained from tests performed on 280 healthy 
subjects and those for serum ionized calcium obtained from 
tests performed on 19 healthy subjects. Both reference groups 
were matched for age and sex. 

Results are presented according to calendar days after 
admission. For this purpose results belonging to day 0 are 
those obtained up to midnight on the day of admission, those 
belonging to day 1 indicate those obtained for the following 
24h and so on. The 8 patients studied were monitored for 
7 days after admission. 


Results 

Fifty-four estimations of serum total calcium and of 
serum albumin and 44 estimations of serum ionized 
calcium were performed on the 8 patients. 

Serum total calcium results (Fig. 1) show a high 
incidence of ‘apparent’ hypocalcaemia; the lowest 
result recorded was 1:75 mmol/l and 59-3 per cent of © 
all results were below the reference range. * 

Serum albumin results (Fig. 2) also show a high 
incidence of hypoalbuminaemia; the lowest result 
recorded was 24 g/l and 68-5 per cent of all results 
were in the hypoalbuminaemic range. 





* Reference ranges (mean+-2s.d.) for serum calcium 220- 
2-60 mmol/l, serum ionized calcium 0-95-1:15 mmol/l and 
serum albumin 40-53 2/1. 


Serum calcium results correlated closely with their 
corresponding serum albumin results (r = 0-748, 
t= 8-13, P<0-001). 

Results of serum calcium corrected for albumin 
(Fig. 3) show that the great majority of results is well 
within the reference range throughout the period of 
the study. Tendency to hypocalcaemia was observed 
in the first 3 days after admission with only 3 results 
(5:6 per cent of all results) in the mild hypocalcaemic 
range; the lowest result was 2:05 mmol/I. 

The great majority of serum ionized calcium results 
(Fig. 4) also falls well within the reference range 
throughout the period of the study, with only three 
results (6°8 per cent of all results) falling below the 
reference range in the first 3 days after admission. The 
lowest result recorded was 0-80 mmol/l. Statistically, 
none of the means of results for any day were signifi- 
cantly different from that of the reference group. 

Serum ionized calcium results correlated to their 
corresponding serum total calcium (r = 0435, ¢ = 3-13, 
P<0-01), but correlated more closely with corrected 
serum calcium (r = 0-756, t = 7-49, P< 0-001). 

None of our patients, at any time throughout the 
study, showed overt tetany nor were positive signs of 
subclinical tetany (Chovstek and Trousseau) success- 
fully elicited. 

In the one fatal case in this series (Case 8), serum 
albumin remained very low despite regular plasma 
and albumin infusions (40 g/24 h) and only moderately 
and transiently improved on the fifth day of hospital- 
ization when a larger amount (140 g/24 h) of albumin 
was given. Lowering of serum ionized calcium levels 
developed on the second day of hospitalization, along 
with clinical and biochemical features of the ‘sick cell 
syndrome’t (Flear and Singh, 1973; Flear, 1974). The 
patient responded favourably, but temporarily, to 
treatment with intravenous doses of insulin and 
dextrose totalling 120 units of soluble insulin and 
600 mi of 50 per cent dextrose over 12 h. Clinical and 
biochemical improvement were accompanied by a 
return of the serum ionized calcium level to the 
normal range and no supplementary calcium therapy 
was required (Fig. 4). 


Discussion 
Our recent report (Imrie et al., 1976), based on 
a prospective study of 130 patients with acute 
pancreatitis, demonstrated a high incidence of rapidly 
developing and sustained hypoalbuminaemia and 
stressed the importance of the significant correlation 
between the hypoalbuminaemia and apparent hypo- 
calcaemia in acute pancreatitis. When correction of 
serum calcium was made for the associated albumin 
levels, it became clear that true hypocalcaemia did not 
commonly occur and that apparent hypocalcaemia 
was mainly due to the associated low serum albumin. 
We found that mortality in acute pancreatitis related 
more to hypoalbuminaemia than to true hypo- 
calcaemia. The results of the present investigation 
confirm these findings. Daily direct measurement of 
serum ionized calcium indicates an insignificant and 
transient reduction of serum ionized calcium, around 
the second day of hospitalization, with most results 
well within the normocalcaemic range throughout the 
period of study. 

The findings of this and our previous study (Imrie 
et al., 1976) indicate that the homoeostatic mechanisms 
responsible for maintenance of normal serum ionized 
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calcium levels are usually efficient in acute pancreatitis. 
In addition, our previous observation of significant 
hypophosphataemia (Imrie and Whyte, 1975; Imrie 
et al, 1976), together with parallel evidence of 
decreased renal tubular reabsorption of phosphate, all 
strongly suggest enhanced parathyroid activity in 
acute pancreatitis. Lastly, direct evidence of normal 
parathyroid response was provided by Weir et al. 
(1975), who showed that 6 of their 11 patients had 
raised plasma parathyroid hormone levels and that 
there was a statistically significant inverse correlation 
between plasma ionized calcium and parathyroid 
hormone levels. 

An explanation is, therefore, provided for the 
rarity of occurrence of tetany (Nardi, 1966), despite 
the high incidence of apparent hypocalcaemia. Among 
the sporadic case reports in the literature on the 
association between acute pancreatitis and tetany, 
sodium depletion (Hernandez et al., 1961), hypo- 
magnesaemia (Wills, 1966) and alkali treatment 
(Cortese and Glenn, 1968) have been noted in associ- 
ation with apparent hypocalcaemia. Tetany is known 
to be associated with these factors and has also been 
reported in 2 patients who were normocalcaemic 
(Hayes, 1955). 

In the light of our findings, we believe that the value 
of apparent hypocalcaemia in the assessment of 
severity of acute pancreatitis requires reappraisal and 
that greater attention should be directed towards the 
investigation and management of hypoalbuminaemia. 
In the fatal case in this series, albumin remained very 
low despite regular plasma and albumin infusions and 
only moderately and transiently improved after 
larger amounts of albumin were infused. The reduction 
in the serum ionized calcium level, which developed 
during the second day of hospitalization, was corrected 
without supplementary calcium therapy, in response 
to effective treatment of ‘sick cell’ syndrome (Flear and 
Singh, 1973). This observation suggests that hypo- 
calcaemia may be caused by an increased influx of 
calcium into the cells as a result of a widespread 
increase in cell membrane permeability provoked by 
hypoxia, reduced perfusion and toxaemia (Flear, 
1974), all of which may be features of acute pan- 
creatitis. 

We find it difficult to compare our own findings 
with those of the only two studies of plasma ionized 
calcium levels in acute pancreatitis, which report 
significantly reduced plasma ionized calcium in either 
most (Weir et al., 1975) or all (Robertson et al., 1976) 
patients. Data on the incidence of overt or sub- 
clinical tetany in these two studies were not provided. 
In both these investigations the calcium flow-through 
electrode was used (Orion). There are several possible 
sources of variability in the results from such an 
instrument, including responses to other ionic and 
non-ionic constituents of the plasma (Moore, 1970). 

Weir and his colleagues (1975) performed serial 
plasma ionized calcium measurements in only one of 
their 11 patients. Robertson et al. (1976) reported only 
a single plasma ionized calcium estimation for cach of 


+The ‘sick cell syndrome’ is caused by disturbances of 
structure or metabolism of cells, provoked by disease situa- 
tions associated with reduced perfusion, hypoxia, toxins etc., 
and results in abrupt and widespread increase in cell membrane 
permeability and, accordingly, hyponatraemia which is not 
due to excessive loss of sodium in urine (Flear and Singh, 1973; 
Flear, 1974). 
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their patients at different stages of the disease, ranging 
from day 2 to 6. Interestingly, the latter authors found 
significant hypoalbuminaemia and both reports 
noted hypophosphataemia. 

Finally, the close correlation between the results for 
serum ionized calcium and those for serum calcium 
corrected for albumin confirm the practical value of 
the routine correction of serum calcium for the 
associated albumin levels in patients with acute 
pancreatitis. Therefore, in the absence of readily 
available facilities for direct estimation of serum 
ionized calcium, we recommend the use of this 
procedure for the biochemical assessment of the 
calcaemic status of these patients. The procedure is 
simple and, in the absence of extreme acid—base 
disturbances, provides essentially the same information 
as direct measurement of serum ionized calcium. 
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Inhibition of plasma cyclic AMP, glucose and 
cortisol response to surgery by epidural 


analgesia 


STIG NISTRUP MADSEN, MOGENS R. BRANDT, ALLAN ENGQUIST, 
IBRAHIM BADAWI AND HENRIK KEHLET* 


SUMMARY 

Cyclic AMP, glucose and cortisol in plasma were 
measured in three groups of patients undergoing 
hysterectomy. The operations were performed under 
general anaesthesia, under general anaesthesia com- 
bined with epidural analgesia and under epidural 
analgesia alone. 

Surgery elicited a significant rise in plasma cyclic 
AMP, glucose and certisol when performed under 
general anaesthesia alone. Epidural analgesia extending 
from Ty, to S; combined with general anaesthesia 
abolished the rise in cyclic AMP and reduced the 
increase in glucose and cortisol and epidural analgesia 
alone extending from T, to S; blocked the rise in 
glucose and cortisol as well as that in cyclic AMP. 

The results support the theory that afferent nerve 
impulses from the area of trauma are of major impor- 
tance for the catabolic state induced by surgical 
procedures and indicate that anaesthetic management 
which includes blockade of afferent nerve impulses 
from the area of trauma can reduce the catabolic 
response to surgery. These observations could be of 
value in the operative management of patients with 
diabetes mellitus and possibly in other groups of 
patients with a high surgical morbidity. 


Major surgical procedures are accompanied by a 
metabolic change towards catabolism which leads 
to a negative nitrogen balance (Kinney et al., 1970; 
O’Keefe and Sender, 1974) and elevated plasma 
levels of glucose, free fatty acids (Allison et al., 1969) 
and cyclic AMP, the common intracellular mediator 
for catabolic hormones with immediate actions (Gill 
et al., 1975; Nistrup Madsen et al., 1976b). The 
plasma concentrations of adrenaline, noradrenaline 
and cortisol are also increased (Nikki et al., 1972; 
Eisele et al., 1974; Brandt et al., 1976). 

This catabolic response to trauma appears to be 
designed primarily for the acute survival of the 
organism in a more primitive setting and might not be 
entirely beneficial in modern surgery, where sub- 
strates can be provided and blood pressure, heart 
rate and respiration are monitored. 

Hume and Egdahl (1959) and Brandt et al. (1976) 
have shown that blockade of pain impulses from the 
area of injury can modify the endocrine response to 
major trauma, indicating that the nervous system has 
an important role in the induction of the catabolic 
state. These results prompted the present investiga- 
tion, which was undertaken in order to elucidate 
whether blockade of afferent nerve fibres by epidural 
analgesia can modify the rise in cyclic AMP which 
normally accompanies a major surgical procedure 
such as hysterectomy (Nistrup Madsen et al., 1976b). 


Patients and methods 
Studies were performed in 18 otherwise healthy women 
undergoing abdominal hysterectomy for metrorrhagia or 
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cancer of the cervix of the uterus in stage 0-1. None had 
received any medications, including hormonal contraceptives. 
Informed consent was obtained from all subjects. All the opera- 
tions were elective and were commenced between 9 and 11 a.m. 

All patients received a premedication with pethidine 
1-1-5 mg/kg, promethazine 12-5~25 mg and atropine 0-5 mg. 
Bupivacaine (Marcain) was used for epidural analgesia. 
Muscular relaxants were given when necessary. A detailed 
description of the technique of general anaesthesia and epidural 
analgesia is given elsewhere (Engquist et al., 1977). 

Six patients in group A received general anaesthesia with 
enflurane (Ethrane), N,O/O,. Six patients in group B received 
general anaesthesia with enflurane, N,O/O,, combined with 
epidural analgesia extending from T,_, to Sa Six patients in 
group C received epidural analgesia extending from T, to S, 
but did not receive a general anaesthetic. 

During the first 2h all the patients received 10-15 ml kg 
h“ of isotonic saline and thereafter 1-2 mi kg h. Bleeding 
was compensated for by 2-5 ml isotonic saline/ml blood loss, 
and if this exceeded 300 mi the patient was excluded from the 
study. Blood, blood substitutes or sympathomimetics were not 
given. 

Peripheral venous blood was drawn for measurement of 
cyclic AMP, cortisol and glucose 5 min before induction of 
anaesthesia or epidural analgesia, just before skin incision and 
30 (except in group B), 60, 120, 180 and 240 min after skin 
incision, 

Cyclic AMP and cortisol were measured with competitive 
protein binding techniques (Keblet et al, 1974; Nistrup 
Madsen et al., 1976a) and glucose was measured by a routine 
glucose oxidase method. 

Data from the patients in group A have previously been 
reported CNistrup Madsen et al., 19766). 

Statistical analysis was performed employing the Friedman 
test for paired data and the Mann-Whitney test was used to 
compare results between groups; P<0-05 was considered 
significant. 


Results 

The duration of the operations in group A was 
83 + 23 min, in group B 85+22 min and in group C 
95 + 24 min. The mean age of the patients in group A 
was 45 years (range 24-61), in group B 45 years 
(range 35-54) and in group C 43 years (range 34-50). 


Cyclic AMP (Fig. 1) | 

In group A cyclic AMP increased significantly during 
the operation (P < 0-01) and reached a plateau 120 min 
after skin incision. In group B and group C plasma 
cyclic AMP varied insignificantly during the operation 
and in the postoperative period. There was no signi- 
ficant difference between groups A, B and C at the 
time of skin incision, but all values measured after 
this time were significantly lower in groups B and C 
than in group A. 
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Fig. 1. Plasma cyclic AMP during and following hysterectomy 
in patients who received general anaesthesia (-——), 

patients who received general anaesthesia combined with 
epidural analgesia from Ty, to S; (------ ) and patients 

who received epidural analgesia extending from T, to 

S, (~~ -—--). No. = 6 in all groups; bars indicate s.e, mean. 
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Fig. 2. Plasma glucose during and following hysterectomy 
in three groups of patients under different anaesthetic 
management. Symbols as in Fig. 1. 


Glucose (Fig. 2) 

In group A glucose increased during the operation 
(P<0-01) and reached a plateau after 120 min. In 
group B a slight but significant increase (P< 0-05) 
was observed in the postoperative period. The values 
were not significantly different from those in group A. 
In group C insignificant variations in blood glucose 
were found during the observation period and all 
values measured after skin incision were significantly 
less than in group A. The differences between values 
recorded in groups B and C were insignificant. 


Cortisol (Fig. 3) 

In group A cortisol showed a steady increase during 
the observation period (P<0-01), reaching a maxi- 
mum at 240 min after the skin incision. In group B a 
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Fig. 3. Plasma cortisol during and following hysterectomy 
in three groups of patients under different anaesthetic 
management. Symbols as in Fig. L 


small increase was observed 60 and 120 min after 
skin incision and more pronounced increments were 
recorded in the postoperative phase at 180 and 
240 min after the incision. Levels were significantly 
lower than in group A at 60 and 120 min (P<0-01) 
but there were no significant differences between the 
two groups at 180 and 240 min. In group C there 
were no significant variations in plasma cortisol. The 
values were significantly smaller than in group A at 
all sampling times after skin incision. Compared 
with group B, there were no differences in values at 
60 min but the values recorded at 120, 180 and 240 min 
were significantly lower (P<0-01, OOI and 0-05 
respectively). 


Discussion 

The results of the present investigation show that 
epidural analgesia extending from T; to S, inhibits the 
increase in plasma cyclic AMP, glucose and cortisol 
which is observed during and after hysterectomy under 
general anaesthesia. 

Small rises in glucose and cortisol were observed 
in patients receiving epidural analgesia extending 
from T} to S; combined with general anaesthesia. 
This could be due to an incomplete blockade of 
impulses passing through the sympathetic nerves and 
the dorsal roots of T;,,, but the influence of extubation 
and the regaining of consciousness cannot be excluded. 

The general anaesthetics employed cannot have 
caused release of cyclic AMP from tissues, since 
cyclic AMP did not rise in the patients of group B 
who received a combination of general anaesthesia 
and epidural analgesia. As there was no increase in 
cyclic AMP in groups B and C, release of cyclic 
AMP from severed tissue does not contribute to the 
sae during major surgery under general anaesthesia 
alone. 

These findings support the results of a previous 
study CNistrup Madsen et al., 1976b) which concluded 
that the increase in plasma cyclic AMP during 
operations under general anaesthesia with enflurane 
is related to the severity of the operative trauma 
and that this increase in plasma cyclic AMP is 
due primarily to the escape of the nucleotide from 


hormone-stimulated tissues. The nearly parallel in- 
crease in cyclic AMP and glucose during hysterectomy 
under general anaesthesia alone suggests that a 
hormone which also influences glucose metabolism is 
responsible for the increase in both parameters. 

It is uncertain whether glucagon increases during 
uncomplicated major surgery (Lindsey et al., 1974; 
Russell et al., 1975; Brandt et al., 1976) and further- 
more physiological concentrations of glucagon do not 
appear to influence peripheral plasma cyclic AMP 
significantly (Broadus et al., 1970; Brodows et al., 
1976). ACTH has been found to increase the concen- 
tration of cyclic AMP in the adrenal venous effluent, 
but doses sufficient to produce maximal steroido- 
genesis do not alter the peripheral plasma levels of 
cyclic AMP (Peytremann et al., 1973) and cortisol 
does not induce acute changes in tissue concentrations 
of cyclic AMP. It is therefore unlikely that these 
hormones are of major importance for the observed 
increments in plasma cyclic AMP. 

Catecholamines in the circulation increase during 
major surgery (Nikki et al., 1972; Eisele et al., 1974) 
and Cannon (1929) showed that ‘painful’ stimulation 
during general anaesthesia leads to secretion of 
adrenaline. Physiological concentrations of catechol- 
amines can cause an increase in peripheral venous 
cyclic AMP (Brodows et al., 1976), and in another 
situation of somatic stress, myocardial infarction, a 
correlation has been found between the rise in 
plasma cyclic AMP and catecholamines (Strange et 
al., 1974). Though many hormones use cyclic AMP 
as their intracellular ‘second messenger’, in target 
organs only beta-adrenergic stimulation has been 
demonstrated to increase peripheral venous cyclic 
AMP under physiological conditions. These observa- 
tions make catecholamines the most likely mediators 
of the increase in plasma cyclic AMP and of glucose 
during surgical stress. 

Epidural analgesia extending from T, to S; includes 
afferent as well as efferent sympathetic nerves to the 
adrenal glands. However, ACTH is known to increase 
during surgery (Ichikawa et al., 1971) and epidural 
analgesia extending from T, does not prevent the 
release of cortisol in operations upon the upper part 
of the abdomen and the thorax (Bromage et al., 1971). 
Our results therefore support the theory that afferent 
impulses from the area of trauma to the central 
nervous system are of major importance for the 
endocrine and metabolic changes which occur 
during uncomplicated major surgery (Hume and 
Egdahl, 1959; Wilmore et al., 1976). 

Increments in plasma cyclic AMP, glucose and 
cortisol in relation to surgical stress can be described 
as indicators of a homoeostatic change towards 
catabolism since hormones which use cyclic AMP as 
their intracellular second messenger (e.g. catechol- 
amines and glucagon) can be characterized as having 
predominantly catabolic actions. The inhibitory 
influence of epidural analgesia on these catabolic 
parameters indicates that an anesthetic technique 
which involves blockade of the afferent nerve impulses 
from the area of trauma could offer advantages com- 
pared with general anaesthesia, particularly in the 
operative management of patients with labile diabetes 
mellitus but possibly also in other groups of patients 
with a high surgical morbidity where a reduction of 
the catabolic response to surgical stress would be 
desirable. 
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The effect of experimental haemorrhagic shock on the 


bacterial content of thoracic duct lymph 
M. S. BARSOUM, I. G. BADRAN, F. I. BOULOS, M. I. SAID AND E. M. EKLADIOS* 


SUMMARY 

The effect of haemorrhagic shock on the simultaneous 
appearance of enteric micro-organisms in the central 
lymph and the portal blood was studied in 30 dogs. 
Irreversible haemorrhagic shock results in portal 
bacteraemia but the lymph remains sterile. Thoracic 
duct drainage is harmful and hastens the onset of 
irreversibility. 


It is well known that bacterial invasion of the portal 
blood is a feature of profound haemorrhagic shock in 
the dog and bacterial toxins emanating from the gut 
have been invoked as a supplementary cause of 
circulatory depression in man. This investigation was 
undertaken to ascertain if the lymphatics might 
constitute an alternative pathway for egress of bacteria 
from the intestine. 


Methods 

Irreversible haemorrhagic shock (Frank et al., 1945; Glasser 
and Page, 1948) was induced by the standardized elevated 
reservoir model of Wiggers (Wiggers and Ingraham, 1946) in 
30 dogs with acute thoracic duct fistulas. Pre-shock samples of 
the systemic blood and the lymph were obtained. After 
establishment of irreversible shock, portal blood was also 
drawn through a small laparotomy incision by direct puncture 
of the vein. 


Results 

The lymph was sterile in 21 dogs before and in 22 dogs 
after shock (Table 1). If anthracoids and Staphylococcus 
albus are regarded as contaminants, then bacteria 
originating from the gut did not occur in the lymph. 
The systemic blood also remained sterile after shock, 
but at this time in 23 animals the portal blood contained 
pathogens. 


Discussion 

The study shows that the central lymph is not a 
pathway for the escape of bacteria from the intestine 
in haemorrhagic shock in the dog. It does not exclude 
the entry of organisms into the lymphatics where 
they can be trapped in mesenteric nodes. In addition, 
the liver must provide an effective barrier to both the 
onward transmission of organisms into the systemic 
blood and their transference across the sinusoid into 


Table I: TYPES OF ORGANISM FOUND IN BLOOD 
AND LYMPH CULTURES BEFORE AND AFTER 
SHOCK IN ANIMALS USED IN THE STUDY 


Portal 
Lymph blood Systemic blood 
Type of Before After After Before After 
organism shock shock shock shock shock 
Sterile 21 22 3 22 30 
Anthracoids 7 5 I 2 _ 
Staphylecoccus 2 3 3 3 a 
albus 
Escherichia coli _ ne 14 1 = 
Streptococcus _ aaa — 2 ~=- 
faecalis 
Proteus = oe 7 a -l 
Pseudomonas ~ meres 2 coe ~ 
pyocvaneus 
Total 30 30 30 30 30 


the hepatic lymphatics. However, it is not clear 
whether the lymph nodes, which are known to be very 
efficient filters to bacteria (Drinker et al., 1934), retain 
their power in haemorrhagic shock. Experimental 
evidence shows that the endotoxin-detoxifying capacity 
of the reticuloendothelial system is weakened as the 
result of haemorrhage or wound shock (Blattberg and 
Levy, 1962). 
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A new interpretation of the insulin test validated 


and then compared with the Burge test 
N. K. MAYBURY, R. C. G. RUSSELL, R. G. FABER AND M. HOBSLEY* 


SUMMARY 

A prospective study of 40 patients undergoing proximal 
gastric vagotomy confirmed the validity of a new 
interpretation of the insulin test in the early post- 
operative period (Maybury et al., 1977). Of the 30 
patients falling into the group expected ta be free 
from recurrent ulceration (low risk group), none had 
developed symptoms suggestive of this condition, 
whilst of the 10 in the contrasting high risk group, 6 
have already developed proved recurrences (mean 
follow-up period 26 months). 

A further group of 24 patients was studied by 
performing a peroperative Burge test for completeness 
of vagotomy and comparing these results with a 
postoperative insulin test. This study showed that the 
Burge test, properiy performed, is a reliable test of the 
adequacy of vagotomy. The use of this test has led to a 
better understanding of the operative technique re- 
quired to achieve the objective of an adequate vagotomy. 


RECURRENT peptic ulceration following vagotomy 
for duodenal ulcer may, in a minority of cases, be due 
to hypersecretion of gastrin, but it usually indicates a 
failure to achieve an adequate vagotomy (Ross and 
Kay, 1964). There have been many attempts to 
predict a patient’s liability to recurrent ulceration by 
means of tests performed shortly after the operation. 
The most frequently used of these has been Hollander’s 
insulin test (1948) which, despite subsequent modifica- 
tions, has been of limited prognostic value in indi- 
vidual patients (Connell, 1973). However, a new 
interpretation of the insulin test, derived retro- 
spectively, which has been shown to prognosticate 
with greater accuracy the liability to recurrent ulcera- 
tion in the individual, has recently been described. 
The test divides patients into two groups; (a) those 
with a low risk of recurrent ulceration (3 per cent) 
and (6) those with a high risk of recurrent ulceration 
(60 per cent) (Maybury et al., 1977). The first part of 
the present paper examines the accuracy of this new 
interpretation of the insulin test in a prospective test of 
a series of patients with uncomplicated duodenal ulcer. 

All patients underwent proximal gastric vagotomy 
and a postoperative insulin test. The results of the 
insulin tests were compared with the incidence of 
recurrent ulceration during a 1--3-year follow-up. It 
was noted that the incidence of recurrent ulceration 
arising out of this study was unacceptably high. In 
the second part of this paper, therefore, we have 
investigated the accuracy of one of the standard 
peroperative tests for adequacy of vagotomy (Burge 
and Vane, 1958) by comparing the evidence of this 
test with that of the subsequent insulin test. The 
results of this part of the study led to a re-examination 
of the operative technique of vagotomy, with con- 
sequences also reported here. 


Patients and methods 
An insulin test was performed within 3 months of operation 
on 40 consecutive patients who had undergone proximal 
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Fig. 1. The secretion level, expressed as height standardized 
4-2 Vo, of the 40 postoperative subjects is compared 

with the range of secretion levels of 74 unoperated patients 
with duodenal ulcer (Maybury et al., 1977). The mean and 
lower 95 per cent tolerance limit of the unoperated group 
were calculated after logarithmic transformation. In the 
post-yagotomy group closed circles represent patients with 
recurrent ulcer (6 out of 10) and open circles patients with 
no symptoms (30). 


gastric vagotomy for duodenal ulcer. The follow-up on these 
patients was between 12 and 40 months (median 27 months). 


Insulin test 

The details of the insulin test have been fully described by 
Faber et al. (1975) and Maybury et al. (1977). The index of 
secretion used in post-vagotomy subjects in the present study 
was the volume secreted during the period from 30 min to 2h 
following insulin, corrected for pyloric losses and duodenal 
reflux and standardized for height (height standardized 4- 
2 Va ml/h). The results were compared with the range of 
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Fig. 2. Burge test tracings obtained in a patient who 
developed a recurrent ulcer. a, The tracing in response to 
stimulation before vagotomy, b, after anterior vagotomy 
alone had been performed, and c, after the vagotomy was 
thought to be complete. However, the small rise 
demonstrated in c indicated that in fact the vagotomy had 
been incomplete. 
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Fig. 3. Burge test tracings obtained in a patient free of 
symptoms after operation. a, The tracing obtained before 
vagotomy, and 6, the tracing after the operation had been 
completed. There was no rise in the tracing. 


insulin-stimulated secretion levels determined by Maybury 
et al. (1977) in 74 duodenal ulcer patients studied before 
vagotomy. A postoperative secretion value higher than the 
lower 95 per cent tolerance limit (72-7 ml/h) of the preopera- 
tive group defined a positive insulin test (high risk group), 
while a lower value defined a negative insulin test (ow risk 
group) (Fig. 1). 


Burge test 

The Burge test requires (a) close adherence to an anaesthetic 
protocol and (6) correct use of the Burge apparatus. The 
anaesthetic protocol forbids anticholinergic drugs such as 
atropine and hyoscine and other drugs found by experience to 
interfere with vagal conduction, e.g. halothane (Fluothane) 
and pethidine. Agents permitted were diazepam (Valium), 
perphenazine (Fentazin) and papaveretum (Omnopon) for 





the premedication, with thiopentone sodium (Pentothal), pan- 
curonium, nitrous oxide, oxygen and papaveretum for the 
anaesthetic. 

The instruments used were those described by Burge and 
Vane (1958). A cuffed gastric tube (1:25 cm in diameter) was 
passed by the anaesthetist via the mouth until the tip was in 
the stomach. The circular electrodes were applied to the lower 
oesophagus and the cuff on the tube inflated to give an air- 
tight seal. A non-crushing intestinal clamp was applied across 
the stomach at a point judged to be proximal to the junction 
between body and antrum. The gastric tube was then con- 
nected to the pressure transducer in the Burge vagotometer 
(Furnell Controls Limited) and the stomach inflated with air 
to a pressure between 20 and 50 mmHg. The transducer was 
adjusted to set the pen-writing recorder (Brush 220) to zero 
and a baseline tracing was made. The stimulus (square wave 
pulses 0-5--25/sec frequency, 0-50 V and duration 0-5-5 ms) 
was delivered via the electrodes for up to 1 min and the re- 
sponse was recorded. A positive response to a prevagotomy 
check was considered essential to ensure that the apparatus 
was working satisfactorily and that no drugs had been 
administered which suppressed the response. 

The test was then repeated after the surgeon considered that 
he had performed a satisfactory vagotomy. Any rise in intra- 
gastric pressure following stimulation was interpreted as 
indicating an inadequate vagotomy. If there was no rise in 
pressure, it was accepted that the vagotomy had been adequate. 
In cases with a response showing inadequate vagotomy 
further surgical manipulations were succeeded by a third 
Burge test. These criteria were not those with which the trial 
was commenced, but gradually evolved as described below. 

The Burge test was attempted on 24 patients undergoing 
proximal gastric vagotomy. The test failed in 4 patients: in 
I the gastric tube could not be passed, in 2 there was mechanical 
failure of the equipment and in | a positive prevagotomy 
tracing could not be obtained. Of the 20 patients with suc- 
cessful Burge tests, 17 underwent a postoperative insulin test 
before being discharged from hospital. Of the 3 not sub- 
mitted to insulin testing, 2 refused the test and the other had a 
vasovagal attack during a preoperative test so it was decided 
not to repeat the test. Full data for comparison of the Burge 
and insulin tests were thus obtained in 17 out of 24 patients 
(71 per cent). 


Statistical methods 

For reasons previously published (Faber et al., 1975; Maybury 
et al., 1977), all gastric secretion data were transformed to the 
natural logarithm before determining the mean and lower 
95 per cent tolerance limit and before performing regression 
against height. The performance of the insulin tests in pre- 
dicting recurrent ulcer and the comparison of the Burge test 
with the insulin test were tested by Fisher’s exact test. 


Results 
Secretion 
vagotomy 
These subjects were assessed on two counts; (a) their 
clinical status, with reference to recurrence of peptic 
ulceration, and (6) their insulin-stimulated secretion 
during the first 3 months after the operation in 
comparison with the preoperative ranges. Six of the 
40 patients had a recurrent ulcer proved by endoscopy 
(Fig. 1). The insulin-stimulated secretion of each of 
the 40 post-vagotomy subjects was compared with 
the range of secretion established for the unoperated 
duodenal ulcers for 4-2 Vo (Fig. 1). Of the 10 
patients in the high risk group, 6 had developed 
recurrent ulceration proved by endoscopy during the 
period of follow-up; of the 30 patients in the low 
risk group none had developed recurrent ulceration. 
The distribution of recurrent ulceration between the 
high risk and low risk groups following insulin testing 
was highly significant (P = 0-00005). 


in 40 patients after proximal gastric 


Comparison of Burge and insulin tests 

Initially the interpretation of the Burge test gave rise 
to difficulties, in respect of the magnitude of the 
increase in pressure which should be taken as indicat- 
ing an inadequate vagus nerve section. For example, 
in Fig. 2, a shows the tracing made by stimulation 
around the oesophagus before vagotomy, 6 was after 
anterior vagotomy only had been performed and c 
was after the operation was thought to be complete. 
The tracing in c does show a very small rise, but at the 
beginning of this investigation we thought that a rise 
of this magnitude was consistent with an adequate 
vagotomy. This interpretation was reviewed after the 
results of the Burge test and the postoperative insulin 
test were available for the first 5 patients. 

The postoperative insulin tests in 4 of these 5 
patients placed them in the group with a high risk of 
recurrent ulceration and in the fifth the insulin test 
was not done (Table I). At the time of operation the 
Burge test had been accepted as showing a complete 
vagotomy, but in fact 4 of the 5 showed a slight rise in 
pressure (Fig. 3). In the light of the insulin tests it 
appeared that any rise, no matter how small, indicated 
an inadequate nerve section. Four of the first 5 
Burge tests were therefore reclassified as indicating 
an inadequate vagotomy and this new criterion was 
thenceforth used in the subsequent 15 patients. 

In the light of the above results, it was apparent 
that the operative technique was at fault. Special 
attention was thereafter paid to denuding the muscle 
coat of the lower 5cm of the oesophagus in all its 
aspects. Once this improvement in technique was 
instituted, the Burge tests, even by the strictest no- 
rise criterion, indicated that an adequate vagotomy 
had been performed (see Fig. 3h). 

In summary, of the 5 patients shown to be in the 
group with high risk of recurrent ulceration on insulin 
testing, 4 were also shown to have had an inadequate 
vagotomy by the Burge test, and 1 an adequate 
vagotomy by the Burge test. By contrast, the 12 
patients who were in the low risk group on insulin 
testing were all shown by the Burge test to have had 
an adequate vagotomy. The difference in the distribu- 
tion of the patients who had had an adequate 
vagotomy as judged by the Burge test between the 
high and low risk groups on insulin testing was 
highly significant (P = 0-0007). 


Discussion 

One of the main objectives of this study has been to 
test prospectively the validity of a new interpretation 
of the insulin test which had been derived retro- 
spectively (Maybury et al., 1977). In a consecutive 
group of patients who underwent proximal gastric 
vagotomy and a postoperative insulin test, the test 
did perform well: all the recurrent ulcers which 
subsequently developed were correctly predicted 
and to date there have been no recurrences in the 
low risk group (Fig. 1). 

Other surgeons have recorded high recurrence 
rates following proximal gastric vagotomy (Kronborg 
and Madsen, 1975) and this experience was mirrored 
in the first group of patients presented here, of 
whom no less than 15 per cent developed a proved 
recurrence. This high recurrence rate was unaccep- 
table, and in an attempt to reduce it a peroperative 
test of completeness of vagotomy (Burge and Vane, 
1958) was then used in a second series of patients. 
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Table I: COMPARISON OF THE INSULIN TEST 
AND THE BURGE TEST 
Insulin test 


Standardization 
Height for height Burge 
D.S. 166 2170 237-0 ~j- “te 
ketu 148 47-0 87-8 -+ E 
D. H. 169 234-8 234-8 “be -j 
A.S, pit — == Not done — 
B. S. 150 89-4 1573 -j ~- 
A. B. 179 25-8 19- — == 
Z. P. 164 13-8 16-0 = _ 
A. L. 177 29:2 23-0 = a 
L. P. — ~~ a Not done m= 
D. R. 171 1-0 1-0 a a2 
R. P. 181 211-0 147-6 ~f- sa 
J. C. 159 34-8 46-9 =~ ~ 
LI 174 61-4 52-9 = — 
F. B. _ a _ Not done = 
P. B. 160 14-4 18-8 — a 
S.C. 158 262 36:3 — = 
R. A. 169 162 16:2 ~= = 
R.G. 163 19-3 23-3 ~ _ 
H. M. 172 746 67-9 ~ _ 
A. P. 178 21-4 17-7 oe ge 





+, Indicates high risk of recurrent ulceration; --, indicates 
low risk of recurrent ulceration, by the test considered. 


In the 19 years since it was first described, the 
Burge test has not become poy ular. There appear to 
be several reasons: first, Burge did not publish a 
detailed anaesthetic protocol, and there has been 
confusion about the form that anaesthesia should 
take in order to avoid drugs which might affect the 
vagus. The protocol described in this paper has been 
found satisfactory by our anaesthetists and was 
sirictly adhered to in all patients except R. P. (Table 
D. This patient was given Fluothane, an agent 
which according to Burge et al. (1970) does affect the 
vagus. It seems likely that this factor was responsible 
for the unique combination in this patient of a 
vagotomy judged apparently adequate by the Burge 
test but inadequate by the subsequent insulin test. 
Secondly, there are technical difficulties in using the 
test apparatus (Inberg et al., 1973). Our experience 
was similar: the test failed in 4 patients, but all were 
early in the series and the reliability of the test 
improved with experience. Thirdly, the difficulty of 
interpretation of the Hollander insulin test has made 
comparison with the Burge test unsatisfactory; poor 
correlations have been reported (Watkin et al., 1971; 
Inberg et al., 1973; Shorey et al., 1977). With the 
new interpretation of the insulin test (Maybury et al., 
1977) a more accurate tool with which to assess the 
results of the Burge test is now available. 

In the series reported here (Table I), the correlation 
between the Burge test and the new interpretation of 
the insulin test is good; the only patient in whom the 
results were not in accord has been explained above. 
The fact that 4 of the first 5 patients tested (Table 1) 
should be shown to have had an inadequate vagotomy 
by the Burge test and to be in the group with high 


risk of recurrent ulceration by the insulin test led to a 


reappraisal of the technique in carrying out proximal 
gastric vagotomy. Attention was focused on_ the 
extensive dissection necessary at the lower end of the 
oesophagus to ensure adequacy of vagotomy (John- 
ston, 1976; Holst-Christensen et al., 1977). 
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Previous standard descriptions of vagotomy have 
tended to be couched in such terms as ‘The lower 
oesophagus is cleared of all nervous tissue by using 
the forefinger and thumb to identify fibrous strands’; 
and ‘Particular attention is paid to the right border 
of the oesophagus’. The latter phrase suggests that 
one need not be too careful at the left border. By 
contrast, the points we would emphasize are that the 
muscular wall of the oesophagus must be cleared of 
ail tissue, whether stranded or otherwise, and that the 
entire periphery of the lowermost 5cm of the organ 
must be denuded. 

Using this technique all the subsequent patients 
undergoing proximal gastric vagotomy had an ade- 
quate vagotomy by the Burge test and were in the 
low risk group on insulin testing, except patient R. P. 
whose results have already been discussed. Although 
in this paper the importance of this meticulous 
dissection of the lower end of the oesophagus has 
been demonstrated for proximal gastric vagotomy, 
presumably the same considerations apply to truncal 
and selective vagotomy. 
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Knot properties of surgical silk: model study 


D. E. W. HOLMLUND# 


SUMMARY 

The knot properties of surgical silk of different dimen- 
sions and from different manufacturers have been 
studied. Large variations were found. It is proposed 
that the differences are due mainly to the braiding tech- 
nique. Only very few surgical silk sutures can be securely 
tied with a square (reef) knot today. A knot with three 
square throws is therefore recommended for modern 
surgical silk. 


SILK is probably the most commonly used non-absorb- 
able surgical suture material. Since 1913 when Halsted 
recommended the square (reef) knot as a secure one 
for silk, most surgeons have used such a knot. 

The aim of the present investigation was to study 
the knot properties of different types and dimensions 
of modern silk suture materials. 


Materials and methods 

Silk suture materials from four manufacturers were investi- 
gated. The dimensions of the silk and the substances used to 
treat the surface were as follows: Astra, 5/0, 4/0, 3/0, 2/0, 1/0, 
silicon; Ethicon, 5/0, 4/0, 3/0, 2/0, 1/0, beeswax: Davis & 
Geck, 3/0, silicon; SSC, 3/0, paraffin. 

Lengths of the suture materials measuring 15 cm were tied 
around a wooden rod covered with felt. Each knot was tied 
by the same person and the throws were snugged down with 
moderate force. For every type of knot and suture material 
10 lengths were tied in unbroken succession. The loops formed 
were divided opposite the knot and the ends were placed in 
the jaws of an Instron table model TM-M 1026 tensiometer 
with the strand stretched but without any tension. The dis- 
tance between the jaws was constant (85cm). The jaws 
were distracted at a constant rate of 50 mm/min until the 
suture broke at the knot level or until one end of the throw 
slipped through the knot. The tension and elongation of the 
tied lengths of the suture materials were recorded on a writing 
recorder (paper speed 100 mm/min). The tension estimated 
when the suture broke or when the knot slipped was regis- 
tered as the knot-holding capacity (KHC) of the knot and 
fibre (Fig. 1). Similarly, 10 lengths of every material were 
used to evaluate the strength (S). The ends of the lengths 
were placed in the jaws of the tensiometer as described above, 
using the same distance between the jaws and the same regis- 
tration technique. 

The mean and standard error for KHC and S were calcu- 
lated. From these figures the relative knot security (RKS) 
was obtained (KHC x 100)/S. A value of 15 for the RKS of 
a knot indicates that only 15 per cent of the strength of the 
untied fibre is utilized when this knot is used. 


Results 

The results of the study are summarized in Tables I 
and J. With a square knot only 3/0 silk from Astra 
guaranteed a secure knot. When other materials were 
used all square knots slipped, and using a silk suture 
from Ethicon the KHC was only 15 per cent of the 
strength of the untied fibre. 

With three square throws (Fig. 2) a secure knot 
could be tied with all the materials but the RKS of 
knots tied with Ethicon’s silk was less than that for 
knots tied with silk from Davis & Geck, SSC and 
Astra (P< 0-01). 

The differences in knot properties between the silk 
sutures from Astra and from Ethicon were found to 


Strength 


I 


Elongation 


Fig. 1. Stress-strain curves of Ethicon silk. I, Untied fibre. 
H, Fibre tied with three throws. HI, Fibre tied with a 
square knot. 





setts 


Fig. 2. Technique of three square throws. 





os 


be especially great and the knot properties varied 
irregularly with the dimensions of the suture materials 
(Table I). Ethicon 5/0 silk had better knot properties 
than thicker silk, whereas Astra 5/0 silk had bad knot 
properties in comparison to thicker suture dimensions. 
With three square throws a secure knot could be tied 
with sutures of all dimensions. 
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Table 1: KNOT-HOLDING CAPACITY OF 3/0 SILK SUTURE MATERIALS 


Square knot Three square throws | 
Manufacturer S KHC RKS (%% KHC © RKS CA) 
Astra (Sweden) 21401 1:5+0-1 71 1-40-14 67 
Davis & Geck (USA) 2-14-01 09-01 (slip) 42 1-5--0+1 71 
Ethicon (USA) 2040-1 0-3 =.0-1 (slip) 15 1020-1 50 


Table Il: KNOT-HOLDING CAPACITY OF SILK SUTURE MATERIALS OF DIFFERENT DIMENSIONS 


Square knot Three square throws 


Manufacturer and dimension S KHC KS (% KHC RKS (4) 
Astra 5/0 0-8 Q-25 (slip) 32 0-5 6] 
4/0 1-4 097 66 095 67 
3/0 2-1 1-5 71 1-5 7i 
2/0 34 2-2 65 2-2 65 
1/0 5°3 3I 58 32 62 
Ethicon 5/0 0-7 0-35 (slip) 50 dd 63 
4/0 1-4 0°30 (slip) 21 0-8 55 
3/0 2°0 0-30 (slip) 15 1-0 50 
2/0 3-6 0-95 (slip) 26 19 53 
1/0 54 0-85 (slip) 15 24 44 
Discussion Our study showed that the RKS of 1/0, 2/0 and 3/0 


Halsted (1913) and later Taylor (1938) recommended 
the square knot as a secure one for surgical suk. Our 
present and earlier (Holmund, 1974) studies show that 
the square knot is not now a secure knot for all silk 
suture material, 

The main differences between a silk suture in 1938 
and modern silk are: (a) the surface of surgical silk 
today is treated with silicon, wax, paraffin, etc.; (b) the 
braiding technique has replaced the twisting of silk. 

Davis & Geck use silicon for the impregnation of 
their surgical silk while Ethicon uses beeswax. The 
knot properties of silk from Ethicon and from Davis 
& Geck, however, are similar (both slip when square 
knots are used). Different dimensions of silk from the 
same manufacturer had varying knot properties. As 
no manufacturer varies the impregnation of the fibre 
with the dimension one may conclude that it is varia- 
tion in the braiding technique that determines the 
difference in knot properties. This assumption is sup- 
ported by the fact that Astra advised us that 4/0 and 
thicker silk sutures are braided in one way, and 5/0 
sutures in another. The RKS of 5/0 silk from Astra 
tied with a square knot is only 32 per cent. Figures 
for 4/0 and thicker sutures range from 58 to 71 per 
cent (P < 0-005). 


silk from Ethicon was lower than that for the corre- 
sponding sutures from Astra. This difference is prob- 
ably due to a particular braiding technique. The 
cardels of a braided material are twisted around the 
fibre at an angle of about 30° to the length direction. 
If this angle is increased the fibre will be weaker for 
straight extension forces and also for the shearing 
forces in a knot (van Winkle and Hastings, 1972), 
It is probable that Ethicon’s silk has a greater braid- 
ing angle than that of Astra’s silk. This braiding tech- 
nique gives a more flexible fibre which many surgeons 
demand. Of course a surgeon appreciates a silk suture 
which is smooth and flexible but he must be informed 
that when he uses such a suture he should change his 
tying technique. 
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Adult intussusception in Glasgow 1968-74 


R. W. G. MURDOCH AND J. R. WALLACE* 


SUMMARY 

A further review of adult intussusceptions in Glasgow 
between 1968 and 1974 is presented. A higher than 
expected incidence of idiopathic intussusception has 
been found both in this and in the earlier Glasgow 
series of Smith and Gillespie (1968)—44 per cent and 
50 per cent respectively. 


ADULT intussusception is uncommon. Donhauser 
and Kelly (1950) found a causative lesion for these 
intussusceptions in 76 per cent of cases and Weil- 
baecher et al. (1971) in 90 per cent. These figures 
differ markedly from the findings in children. Strang 
(1959), in Glasgow, found a causative lesion in only 
2 per cent of 400 children reviewed over 10 years. In 
adults in the Glasgow region, however, Smith and 
Gillespie (1968) found a 50 per cent incidence of 
idiopathic or primary intussusception among 34 
cases between 1954 and 1967. The present review 
describes a further 16 cases treated in the same area 
during the subsequent 7 years. The population of 
Glasgow remains in excess of | million, served by 
five teaching hospitals. Cases of retrograde jejuno- 
gastric intussusception associated with gastro- 
jejunostomy are not included in this series. 


Patients and methods 

Since 1961, all Scottish hospitals have notified each inpatient 
diagnosis to the Scottish Home and Health Department's 
Computerized Diagnostic Coding Index. From this source, 
16 cases of adult intussusception in Glasgow over 7 years have 
been collected. 

Eleven cases of small bowel intussusception are classified 
as enteric (small bowel invaginating small bowel) and ileocolic 
{the ileum protruding through the ileocaecal valve) according 
to the classification of Dean et al. (1956). Similarly, 5 cases of 
large bowel intussusception are divided into ileocaecal (the 
ileocaecal valve or caecum leading the intussusception) and 
colocolic (colon invaginating into colon). 

Table I summarizes the types of intussusception and indi- 
cates whether or not a lesion was found. Details of causative 
lesions are given in Table I. Lesions occurred in all 5 large 
bowel intussusceptions and all were malignant. AH 4 lesions 
found in the small bowel group were benign. 


Symptoms and radiology 

As expected, small bowel intussusceptions were characterized 
by symptoms of intestinal obstruction. Colicky, central or 
epigastric pain occurred in all 11 patients and vomiting in 10; 
3 patients had diarrhoea. Large bowel intussusception was 
associated with central abdominal pain in all 5 patients, but 
vomiting was seen in only 1. Diarrhoea occurred in 4 patients 
and the patient with a sigmoid lesion presented with bloody 
diarrhoea. 

‘There was no significance in the duration of symptoms in 
either group; 7 patients in the small bowel group and 2 
patients in the large bowel group had symptoms for less than 
I week and 5 patients from both groups had symptoms for 
l-5 months. In some cases radiological investigations were 
helpful. One piain abdominal film showed indentation of the 
caecum and ascending colon by the small bowel and suggested 
intussusception. In a further 5 patients barium enema examina- 
tion showed intussusception; an example is seen in Case 9 
(Fig. 1). 


Table I: TYPES OF INTUSSUSCEPTION 





Total No. with No. without 
Cases lesions lesions 
Small bowel 
Jejunojejunal 1 I 0 
lleoileal 5 1 4 
Heocolic 5 3 
Large bowel 
Heocaecal 3 3 0 
Colocolic 2 2 0 
Table H: PATHOLOGY 
Case No. Histology Site Type 
Small bowel 
10 Pedunculated lipoma Jejunum Jejunojejunal 
7 Meckel’s diverticulum  Heum Heoileal 
6 Polypoid papilloma Heum lleocolic 
8 Granuloma of ileum Heum Heocolic 
Large bowel 
2 Adenocarcinoma of Caecum Tleocaecal 
caecum 
ł Lymphosarcoma Caecum Heocaecal 
5 Adenocarcinoma Caecum Colocolic 
4 Adenocarcinoma Splenic Colocolic 
flexure 
3 Adenocarcinoma Sizmoid Colocolic 


Treatment 

All patients in the series underwent laparotomy. In 2 patients, 
where no causative lesion was found, only simple reduction 
was required. In the remainder the intussuscepted segment 
was resected. There was | postoperative death, following a 
right hemicolectomy, when the anastomosis sloughed leading 
to peritonitis and subphrenic abscess. 


Discussion 
Intussusception in adults is rare. In contrast to the 
findings of Smith and Gillespie (1968) and those in 
the present paper, both being concerned with Glasgow, 
most reports show a low incidence of idiopathic 
intussusception. Stubenbord and Thorbjarnarson 
(1970) considered intussusception to be idiopathic in 
7 out of 34 patients, an incidence of 20 per cent. The 
previous Glasgow report gave an incidence of idio- 
pathic intussusception of 50 per cent and 28 out of 
34 cases arose from the small bowel. The 16 cases 
which we review here give an incidence of idiopathic 
intussusception of 44 per cent and 11 arose from the 
small bowel, confirming the same pattern. 
Combining the results from both Glasgow series, 
assessment of 50 patients over 21 years is available. 
There have been 24 idiopathic intussusceptions out 
of a total of 39 small bowel and 11 large bowel 
intussusceptions. These figures are significantly 
different from the findings of other series, with an 
incidence of 48 per cent for idiopathic intussusception. 
Malignant tumours frequently cause intussuscep- 
tions, especially in the large bowel group (87 per 
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Fig. 1. X-ray after a barium enema shows a rounded filling 
defect in the caecum outlined with barium. This was an 
idiopathic ileocolic intussusception. 


cent). Brayton and Norris (1954) reported an incidence 
of malignant lesions of the colon in 50 per cent of 
large bowel intussusceptions, but only 15 per cent for 
small bowel intussusceptions. 

Aston and Machleder (1975) comment that where 
the intussusception begins in the small bowel, a 


benign causative lesion is most frequently found. 
Weilbaecher et al. (1971), however, in a review of 160 
cases since 1952, stress a high incidence of 24 per cent 
for malignant lesions in small bowel intussusceptions, 
and therefore suggest that all types of adult intus- 
susception should be treated by resection. 

The combined figures for small bowel intussuscep- 
tion over 21 years in Glasgow give an incidence of 
23 per cent for benign causative lesions and 13 per 
cent for malignant tumours. This is in contrast to the 
many reports in the American literature. 

The continuing high incidence of idiopathic small 
bowel intussusception in this country should be 
considered in the management of adult intussuscep- 
tions. At laparotomy only simple reduction may be 
required for this type of intussusception, though 
resection of the involved segment may often be 
necessary. Resection for large bowel intussusceptions 
is usually indicated because of the high incidence of 
malignancy. 
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Primary vaginal stone following abdominoperineal 
excision of the rectum with total hysterectomy 


R. M. WEAVER* 


SUMMARY 

This paper reports a case of primary vaginal calculus 
developing following abdominoperineal excision of the 
rectum with total hysterectomy. A review of the previous 
literature on primary vaginal calculus is included, 


Case report 
A 76-year-old female was admitted with a 6-week history of 
haematuria. She also gave a history of hourly frequency of 
micturition for approximately 2 years, but had experienced no 
dysuria. She had felt generally unwell for several months prior 
to admission. 

Three years previously she had undergone abdominoperineal 
excision of the rectum with total hysterectomy for adeno- 
carcinoma of the middle third of the rectum, extending down- 
wards towards the anal margin and infiltrating the uterus and 
upper third of the vagina. 

Examination under anaesthesia was performed and a large 
stone, measuring 10x 4cm, was found to be lodged in the 
vagina (Fig. 1). The vagina was found to be otherwise normal 
with no narrowing of the introitus. 

The vestibule was noted to be rather deeply situated, so that 
with the patient supine, any urine escaping from the urethra 
would tend to run downward towards the vaginal orifice. 

Cystoscopy revealed a small capacity bladder with diffuse 
cystitis. On distending the bladder with water, no fistulous leak 
into the vagina could be demonstrated. 

Subsequent analysis showed the stone to be composed of 
calcium phosphate and ammonium salts. 





Fig. 1. Vaginal stone. 


Discussion 

Vaginal stones have been described as occurring as a 
result of the deposition of urinary salts in the vagina, 
either as a primary phenomenon or secondarily due to 
the presence of an intravaginal foreign body or to 
ulceration of a bladder stone through the vesicovaginal 
septum. 

Stansfield in 1942 detailed the following conditions 
necessary for the formation of primary vaginal 
calculi: 

1. Urinary leakage into the vagina through a 
vesicovaginal fistula. 

2. The presence of a congenital or acquired vaginal 
stenosis. 

Miller (1973) described a primary vaginal calculus 
occurring in a 17-year-old severely retarded girl 
in whom neither of these conditions existed. He 
postulated that the calculus was formed as a result of 
urinary contamination of the vagina in association 
with incontinence and the prolonged maintenance of a 
recumbent posture; he also reviewed 3 similar 
preceding cases. 

In the case described here, although there was no 
evidence of vesicovaginal fistula or of vaginal stenosis, 
it was felt that, in association with her marked degree 
of frequency, there was probably some element of 
urinary incontinence. 

The abnormally deep situation of the urethral 
orifice was thought to be the result of intrapelvic 
fibrosis and contracture subsequent to her abdomino- 


. perineal resection and total hysterectomy. 


In the supine position, the result would be a 
tendency for urine to pool at the introitus, causing 
leakage into the vagina and the gradual deposition of 
urinary salts to form a primary vaginal calculus. 
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Reviews and notices of books 


Controversy in Surgery 

Edited Richard L. Varco and John P. Delaney. 250x 170 mm. 
Pp. 7i3+xxei. Hlustrated. 1976. Philadelphia: Saunders. 
£2375. 

Turis is a fascinating book by multiple authors on topics of 
general surgical interest where there is less than complete 
agreement about treatment. Among these, bowel preparation 
for colonic resection, axillary node dissection in breast cancer, 
operation for papillary cancer of the thyroid, the management 
of hiatus hernia and prevention of wound infection, provide 
some measure of the range of topics covered. 

As a book to read it is generally well written and the 
arguments cogently and succinctly dealt with. It is even more 
useful as a reference book for those with a special interest in 
one of the areas of contention. Bulky for the individual, it is 
a must for libraries. 

C. G. CLARK 


Records of the Adelaide Children’s Hospital, Vol. 1, No. 1 
Edited E. B. Sims, D. Simpson and P. W. Verco. 250 x 180 mm. 
Pp, 192+-iv. 1976. Adelaide: Adelaide Children's Hospital Inc. 
No price given. 


Loca publications are legion, pleasing to their producers 
and community but, and this is said without any desire to be 
patronizing, rarely deserve mention elsewhere. This volume is 
somewhat of an exception for two reasons. First, it is a bench- 
mark for historians because of the size and lavish production 
which reflects the optimism and relative wealth of the medical 
culture of Australia. Secondly, it contains a definitive article 
by R. V. Southcott on the poisonous effects of Antipodean 
spiders which must surely rank as a classic. Even if he finds 
the subject obnoxious, anyone could read this with pleasure 
for its completeness in illustrations and with profit should he 
live and work in medical practice in Australia. 

H. A. F. DUDLEY 


Scientific Foundations of Urology, Vol. 2 

Edited David Innes Williams and Geoffrey D. Chisholm. 
285x225 mm, Pp. 474+-xiii. Ilustrated. 1976. London: 
Heinemann Medical, £20. 


Teis is the second and last of two excellent volumes giving 
most of the known facts about many different aspects of 
urology. While the first volume covered the kidney, renal 
disease and transplantation, this second volume covers the 
rest of the genito-urinary tract and is mainly devoted to uro- 
dynamics and oncology. 

The individual authors have been selected with care and 
each is an expert in his field. Most of the chapters are well 
written and the book itself is beautifully produced. It is full 
of useful information and should provide the prospective 
research worker with an easy entry into many different 
avenues of investigation; previous work is well summarized 
and classic references given for those who must study the 
subject in depth. 

The editors have covered a wide field and have shown 
considerable skill in choosing the subjects for the chapters. 
In general, those of greater interest to the urologist are treated 
at greater length than the more abstruse and theoretical ones. 
In almost all the chapters, however, the authors stick faith- 
fully to reporting; they give facts not hypotheses, data not 
advice. 

These two volumes are essentially books of reference. The 
busy, practising urologist may find the going in some chapters 
too heavy for his liking, but for the investigator and the 
urologist with a question to answer these volumes will remain 
for many years among the first to which they will turn. Every 
urological library should possess them. 

P., CLARK 


Microvascular Reconstructive Surgery 
Bernard McC. O'Brien. 240 x 150 mm. Pp. 3594 vii. Hlustrated. 
Edinburgh: Churchill Livingstone. £14. 


AMONG the more outstanding developments of an eventful 
decade in surgery has been the arrival of small vessel re- 
constructive techniques and their successful application to 
clinical problems. Australia has been well to the forefront in 
this work, with Bernard O’Brien conducting intensive pro- 
grammes in training and research and the St Vincent's Hospital 
in Melbourne being the centre of attraction and visits from all 
over the world. Now he has written up his experience and 
thinking in a fine new book that promises to become the 
standard text for aspirants in this difficult field. 

The fact that the whole work was completed from commence- 
ment of the manuscript to corrected proofs in one year is a 
testimonial to its author’s energy, the topicality of the text 
and a further example of the merits of single authorship. 
Though the essence of the book is ‘how to do it’—-described in 
every single detail with clarity and compelling interest—there 
is also a very careful account of physiological principles and a 
detailed study of the processes of healing and repair. 

A scrupulous concern is shown for the priority due to other 
early workers in this field; indeed these sections of the text 
are of special value and interest not only from the personal 
point of view, but because they so often show the way in which 
the work was achieved and the reasons for the first successes. 
The most dramatic development, the replantation of severed 
limbs, is illustrated by 17 human cases operated upon at 
St Vincent’s. The critical decision on whether or not such an 
injury is suitable for the method in any given case is well 
described in the light of previous experience. Limb storage, 
perfusion, bone shortening and a commitment to primary 
nerve repair form the background to a painstaking account of 
the essential microvascular work upon which all else depends. 
The replacement of severed digits was developed a little later, 
but 103 cases are reported with 63 per cent survival after 
complete detachment. Toe-to-thumb transfer and the amazingly 
versatile free vascularized flap are beautifully illustrated, as 
are some other techniques such as micro-lymphatic re- 
construction, free muscle transfers and the use of vascularized 
omental grafts. As the author says, the disciplines of micro- 
vascular surgery are likely to become applicable to a growing 
number of surgical specialties. Surgeons all over the world 
have reason to remember Dr O'Brien’s teaching courses; 
now they have the essential corollary, the reference work that 
is a complete guide to present practice, the history of the 
subject and a skilled look at its probable future. 

H. H. G. EASTCOTT 


Current Surgical Practice, Vol. 1 

Edited John Hadfield and Michael Hobsley. 235 x 155 mm. 
Pp. 268 + xii. Hlustrated, 1976, London: Arnold, £14 hardcover, 
£6-95 papercover. 


Tuis book contains a collection of some of the evening 
lectures delivered at the Royal College of Surgeons of England 
as part of the fellowship classes. Each chapter is a different 
lecture and the book covers a wide variety of surgical topics. 
The lecturers are drawn from every part of the country, many 
being surgeons with a special interest in the particular subject. 
Each lecturer’s personal style has been preserved so that each 
chapter represents that surgeon’s views on that problem. 

This book will be essential reading for all fellowship 
candidates, and, in addition, all surgeons will find it ofabsorbing 
interest in keeping them fully informed of the growing edges 
of surgery. The publication of further volumes of these 
lectures will be eagerly awaited. 

A. B. BIRT 


Hepatic Support in Acute Liver Failure 
Edited Gustave G. R. Kuster. 235x 160 mm. Pp. 301 + xiii. 
Hlustrated. 1976. Springfield, Ill.: Thomas. $23.50. 


Few people have extensive experience in the management of 
acute liver failure. This book has assembled the knowledge 
and experience of several experts on the subject and serves as 
a manual of the methods currently available for hepatic 
support in acute liver failure. The various techniques involved 
are described in detail. Of considerable value is the attempt to 
analyse each method of treatment, the indications for their 
use, the results of treatment and how often the methods can 
be repeated. In this respect the short chapter on plasmapheresis 
is particularly good. There is also an excellent chapter on the 
pathophysiology of liver failure which discusses the various 
theories for the aetiology of encephalopathy and the many 
other clinical changes which can occur in this syndrome. 

In general, the complex subject of acute liver failure is 
covered well, but on occasions there is a tendency to con- 
centrate on less important aspects to the detriment of more 
relevant factors. This is particularly noticeable in the chapter 
on the diagnosis and general management of liver failure, in 
which colon bypass surgery, for example, is dealt with in more 
detail than the detection and control of gastro-intestinal 
haemorrhage. Furthermore, while transfusion and extra- 
corporeal liver perfusion are dealt with in great detail, the 
chapter on the very topical subject of haemoperfusion is the 
shortest in the book. 

Despite these criticisms this is a useful book for those faced 
with the problem of managing patients in acute liver failure. 

L. H. BLUMGART 


Multiple-choice Questions on Lecture Notes on General Surgery 
P. R. Fleming and J. F. Stokes. 164 ~ 120 mm. Pp. 60-- iv. 1977. 
Oxford: Blackwell Scientific, EP23. 


THis booklet aims to provide the student with a means of 
assessing knowledge gained from reading a surgical textbook— 
in this instance Ellis and Calne’s Lecture Notes on General 
Surgery. This is achieved by a series of multiple-choice 
questions based on the text. The result is not a success, probably 
because the authors of the booklet, who are both physicians, 
lack practical expertise in general surgery and this is reflected 
in the nature and format of the questions asked. An example 
is question 90A, where the answer section gives as correct the 
Statement ‘Ventral hernia usually requires no treatment’. 
Ventral hernia frequently requires treatment, usually in the 
form of some supportive corset. The question presumably 
implies surgical treatment but is ambiguous. Many other 
examples could be given which seriously detract from the 
practical value of the booklet. Professor Ellis has tried to 
redress the balance by placing asterisks against those answers 
which deal with the most important aspects of general surgery 
but this does not solve the problem. 

Another edition please, with much closer cooperation 
between the authors of the textbook and the multiple-choice 
question experts. As it stands, it is difficult to recommend the 
booklet to students. 

B. P. BLISS 


British Medical Bulletin: Immunological Tolerance, Yol. 32, 
No. 2 

285x220 mm. Pp. 92. Hlustrated. 1976. London: Medical 
Department, The British Council. £3. 


Tuis edition of the British Medical Bulletin is a collection of 
reviews of antigen-induced suppression of immunity. Although 
its title suggests an interest in the classic tolerance of Medawar, 
it does in fact range much wider and presents an up-to-date 
picture of modern immunological theory as seen by workers 
in a variety of fields. 

As little as 20 years ago the basis of immune reactions 
seemed straightforward: antigen was recognized by the host 
as foreign, a reaction ensued and the antigen was eliminated. 
The Bulletin starts with a reminder that this basic fact has 
always been difficult to equate with the opposite phenomenon 
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seen when exposure to antigen leads to suppression of immunity 
(as in classic enhancement and tolerance). Our basic concepts 
of immune destruction of antigen, enhancement and tolerance 
have obviously been too simple, and this message will be 
apparent to many reading the Bulletin. It is now realized that 
an immune reaction is not a runaway destructive process, but 
an auto-regulated response. Tolerance is then seen as an 
extreme form of this auto-regulatory process, and it is in this 
context that the term is discussed by the authors in the 
Bulletin. Many surgeons share an interest in producing or 
preventing tolerance for therapeutic purposes, including those 
working in transplantation, neoplasia and auto-immune 
disease. It is to these that this edition of the British Medical 
Bulletin will be welcome, presenting as it does a series of 
reviews on how the emerging concepts of control of immunity 
influence thinking in a variety of fields of research. 

The subjects of individual chapters cover a wide range of 
interests, After a general introduction by J. H. Humphrey, 
classic tolerance and enhancement are updated by Brent et al. 
and Batchelor and Welsh. Calne then discusses what influence 
the conceptual advances have had on clinical organ grafts and 
concludes that most steps forward in management are made 
empirically at present. Baldwin and Robins discuss the 
immunity of tumours and Allison and Denman present a 
clearly written review related to auto-immune disease. 
Mitchison discusses mechanisms by which tolerance can be 
broken down and the light these studies throw on the central 
mechanism of tolerance. Hay and Morris deal with the ways 
immunocompetent cells behave once antigen is introduced 
and Klaus et al. review tolerance in B cells. Dresser takes the 
subject to more basic levels in a stimulating review which 
discusses tolerance in terms of a theory of the general control 
of cell differentiation. The next two chapters (Taylor and 
Basten and Asherson and Zembala) deal specifically with 
suppressor T cells, reviewing the evidence that they exist and 
the way in which they may work. Turk et al. discuss the results 
of studies using cyclophosphamide to investigate the control 
mechanisms of delayed-type hypersensitivity. Antibody 
suppression of immunity, including the importance of anti- 
idiotype antibodies, is covered in a review by Cinader and 
Dubiski. Finally, Ogilvie and Wilson write about the interesting 
fact that many parasites seem to be able to survive in the face 
of an immunologically competent host. The Bulletin finishes 
with reflections by J. H. Humphrey which attempt to formulate 
general principles from what has gone before. This attempt is, 
as the author states, only partially successful because the 
articles cover such diverse aspects of immunity. 

Although much that is written in this Bulletin may not be of 
interest to all surgeons, there is plenty to stimulate thought 
and a wealth of references for anyone wishing to expand their 
knowledge of modern immunology. A useful glossary at the 
end explains many of the new terms which have appeared in 
recent years. The Bulletin will be particularly useful to those 
already involved in or about to start research projects with an 
immunological basis. Considering the wealth of information 
it contains it is extraordinarily good value at £3:00 for United 
Kingdom readers and £3-50 for those in other countries. 

D. C. DUNN 


Artificial Lungs for Acute Respiratory Failure 
Edited Warren M. Zapel and Jasper Qvist. 225x 150 mm. 
Pp. 557 -+ xii. 1976. London: Academic Press. £2895, $47.50. 


PIONEERS of extracorporeal circulation always assumed that 
respiratory failure was as treatable by artificial lungs as was 
renal failure by dialysis. It is a salutary experience to discover 
how difficult this has proved to be. In Artificial Lungs for Acute 
Respiratory Failure the editors Warren Zapol and Jasper Qvist 
have gathered together an excellent series of papers which 
sum up current theory and practice in this field. Those con- 
cerned with the intensive care of patients, and particularly 
with respiratory failure problems, will find this book an 
authoritative international answer to the frequent question: 
‘Is there not something more we can do to save this patient?’ 

D. G, MELROSE 
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Shaws Textbook of Operative Gynaecology 


Revised by John Howkins and Christopher N, Hudson 


Fourth edition 564 pages 485 illustrations £35.00 

The new edition of this book preserves those traditional elements of surgery which form the foundations 
of gynaecological surgical practice. However, there has also been an extensive revision, broadening the 
book’s appeal to those working in areas where surgery forms the mainstay of gynaecological practice. 
Two chapters therefore now deal comprehensively with genital fistula, the major problem for gynaeco- 
logical services in emergent countries. The refinement of techniques in tubal reconstructive surgery is 
outlined in a guest contribution, while the chapter on adjuvant therapy has been revised and expanded 
to include chemotherapy as well as radiotherapy. 
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Edited by R. F. Rintoul 


Sixth edition 976 pages 1049 illustrations £20.00 

This is the standard textbook for those studying for the Final FRCS examinations or equivalents and 
for the young practising surgeon. All the operations which a trainee is likely to undertake himself are 
described and illustrated in detail. 

Each section of the book contains a brief review of the surgical anatomy of the region, indications 
for operation, choice of procedure and pre- and postoperative treatment. 

The text of this edition has been revised extensively to bring it into line with modern surgical practice. 
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Blackwell Scientific Publications 
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ASSOCIATION OF SURGEONS 
OF GREAT BRITAIN AND IRELAND 


The Annual Meeting of the Association took place in London on 30 and 31 March 1977, with the President, 
Mr Guy Blackburn, MBE, in the Chair, and was followed on 1 April 1977 by a combined meeting with the 


British Association of Urological Surgeons. 


The papers in the Symposium and those in the subsequent sections of Short Papers for the Moynihan Prize 
and Short Papers are published in the order in which they were read. 


BARBER’S COMPANY SYMPOSIUM ON 


INTESTINAL FISTULAS 


Treatment of intestinal fistulas 


P. MONOD-BROCA* 


SUMMARY 

There have been three major advances in the treatment 
of small bowel fistulas since 1960: irrigation with lactic 
acid; total or parenteral nutrition; and continuous low 
flow enteric nutrition. The causation and clinical 
features of these fistulas are reviewed. The different 
unfavourable prognostic features are evaluated with 
reference to a series of 384 cases published by Edelmann 
et al. (1975). The different methods of treatment, both 
medical and surgical, are analysed. 

In spite of the great progress in medical manage- 
ment, surgery retains an important place. The guide- 
lines for this medicosurgical policy are laid down. 

The mortality of intestinal fistulas was around 
60 per cent before 1960 and has now diminished by 
half. It should be possible to lower it still further to 
around 10 per cent in future years, by careful applica- 
tion of the methods described. 


EDMUNDS et al. wrote in 1960: ‘We have stated 
arbitrarily that external drainage of gastric or enteric 
contents for 48 hours or more is necessary for inclusion 
[in this study]? This definition, however, does not 
adequately define the structure of a fistulous track and 
does not distinguish reliably between a general 
peritonitis opening to the exterior and a limited 
fistula which has no direct contact with the peritoneal 
cavity. This distinction has practical importance as 
tegards prognosis and treatment. 


Before 1960 it was barely appreciated how fre- 
quently simple aspiration of an intestinal fistula 
resulted in death. The mortality figures were in the 
region of 60 per cent. Between 1960 and 1971 three 
new methods of treatment appeared. Trémoliéres 
from Paris introduced in 1961 the technique of irriga- 
tion of the fistula with lactic acid, which greatly 
improved the prognosis (Trémoliéres et al., 1961). 
Dudrick from Philadelphia was the first to introduce, 
in 1968, the technique of long term parenteral nutri- 
tion involving positive nitrogen balance (Dudrick et 
al, 1968). Levy and Loygue from Paris, in 1971, 
devised the technique of continuous low flow enteric 
feeding (Levy et al., 1971). These new methods 
resulted in a rapid fall in mortality, which is now 
around 30 per cent. The object of our present study 
is to reduce this mortality still further, if possible to a 
level of around 10 per cent, by the careful and planned 
combination of these three new methods of treatment. 


Causation 

Ninety per cent of small intestinal fistulas result 
from some sort of surgical operation and we will not 
consider the rare types of fistula which result from 
surgical or accidental trauma, from congenital abnor- 
malities, such as persistence of the vitello-intestinal 
duct, those following upon intestinal disease, such as 
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Crohn’s disease, tuberculosis or cancer, or those of 
spontaneous origin. 


The causative operation 

The original procedure is frequently an emergency 
one, or else results from reoperation for obstruction 
or postoperative peritonitis. Although the majority of 
fistulas results from operations carried out by inex- 
perienced surgeons, it is quite clear from the evidence 
that the most careful and experienced man is not 
free of this risk. In a collective review of 384 small 
bowel fistulas reported by 25 French surgical teams, 
Edelmann et al. (1975) noted that two-thirds of the 
fistulas were the result of an intestinal operation, but 
the frequency of the large and small bowel involve- 
ment was equal. Appendicectomy, because of its 
relative frequence, provided some 10 per cent of the 
small bowel fistulas, and these operations were by no 
means always carried out for acute appendicitis. 
About one-quarter of the small bowel fistulas resulted 
from operations on the stomach, pancreas, biliary 
tract, female pelvic organs and urinary tract, and even 
following herniorrhaphy. The important point to 
make is that 60 per cent of the fistulas resulted from 
intestinal obstruction or from an acute peritonitis, 
either primary or postoperative. 


Local causes 

The causes most frequently encountered are surgical 
wounding of the small gut or anastomotic leakage. 
The problem of the role which drainage plays in 
anastomotic leakage has frequently been discussed, 
but it must be borne in mind that omitting a drain 
may lead to a general peritonitis. Introduction of 
artificial prostheses, particularly metallic inserts 
which were formerly used in the treatment of incisional 
hernias, may lead to ulceration of the intestine. 
Finally, abnormalities of the intestine such as Crohn’s 
disease, malignancy or previous irradiation are an 
important causative factor, as are sutures carried out 
in the presence of obstruction or peritonitis. 


General causes 

I hesitate to speak of general causes because I feel 
that this is to blame the patient for developing a 
complication which should in fact have been foreseen 
by the surgeon. It must, none the less, be admitted 
that certain classes of patient are at risk, te. the 
elderly, patients with low oxygen saturation, hypo- 
proteinaemia, diabetes and hepatic cirrhosis. In 
addition, there are iatrogenic risks, which include 
treatment with corticosteroids, anticoagulants, im- 
munosuppressive drugs and cancer chemotherapy. 


Clinical and biological aspects 

The fistula 

The following are the important considerations: 
Origin: (a) Proximal or distal? (b) Are there one or 
more intestinal loops involved? (c) Is this a purely 
intestinal fistula, or is there an associated leak from 
the biliary or urinary tract? 

Course: The course may be direct or it may be 
tortuous with an intervening abscess cavity. There 
may be several tracts with intervening diverticular 
cavities. 

The cutaneous opening: The single skin opening may 
relate to several deeply placed intestinal loops. By 
contrast, a single loop may open to the surface by 


several orifices, which may include the operation 
wound and various drainage sites. 

The state of the abdominal wall: This may be scarred 
or may show large areas of dehiscence. This is a 
factor of great prognostic importance. Patients who 
have undergone several previous operations may 
present with an abdominal wall in the last stages of 
destruction. 

The output of the fistula: This must be most accurately 
measured. Plain X-rays, barium studies, sinograms, 
injections of methylene blue and the careful study of 
the operative findings will enable the clinician to 
a accurately the features of the particular 

stula. 


Complications 

Three complications are absolute indications for the 
abandonment of medical treatment in favour of 
reoperation. These are intestinal obstruction, acute 
peritonitis and a deep-seated abscess (subphrenic, 
pelvic or interintestinal). Obstruction can usually be 
recognized on an X-ray film, but acute peritonitis and 
abscess may be rather more difficult to diagnose. 
Levy and Loygue from Paris have reported two 
TE investigations (Levy et al., 1975; Parc et al., 
1975). 

Gastric acid output: When the stomach produces 
more than 120 mmo! HC1/24h this suggests the 
existence of some abdominal complication, usually 
peritonitis. Conversely, an output of less than 
120 mmol is a favourable sign. 

Stool examination: The same authors examined the 
stool volume and the output of leucocytes and 
epithelial cells. They found that intestinal flow of 
above 0-69 mm/min, leucocyte output of more than 
2 500 000/min and enterocyte output of more than 
230 000/min signalled the presence of peritonitis or 
abscess formation in more than 85 per cent of 
cases. 

We are beginning to use these two tests, whose 
usefulness we have yet to determine. The presence of 
unsuspected peritoneal infection, localized or diffuse, 
is a common event following prolonged medical 
treatment. However, an ill-judged and fruitless 
operation carries even more risk than does continued 
surgical inaction in the face of continued peritoneal 
infection. 


Malnutrition 

Space does not permit a description of the pro- 
gramme of nutritional and biological supplement 
which is the important basis of treatment and whose 
daily supervision is absolutely essential for a suc- 
cessful outcome. 


Importance of prognostic features 

The results of treatment are difficult to compare 
because each fistula is a case apart and its severity 
depends on a number of factors. From his series of 
384 cases, Edelmann indicted the important prog- 
nostic features as follows (Table I). The favourable 
features were: distal (ileal) fistula; output of less than 
500 ml per day; a young patient; late occurrence of 
the fistula, i.e. more than 15 days after the initial 
operation; a healthy small bowel; absence of 
associated biliary or urinary fistulas; no complicating 
cae of the abdominal wall (Edelmann et al., 


Table I: PROGNOSIS: COLLECTIVE REVIEW OF 384 CASES 


Good 
prognosis 
Time of appearance > 15 days 
Bowel Healthy 
Other fistulas (biliary, No 


urinary etc.) 


Abdominal wall Non-disrupted 


Site Ileal 
l Heocolic 
Fistula output < 500 ml 
Age <40 
= 10 


Edelmann et al. (1975). 


Medical treatment 

In the absence of the surgical complications outlined 
above (obstruction or peritoneal infection), we 
always commence with a régime of medical treatment. 
Edmunds et al. (1960) wrote that the cornerstone of 
treatment was aspiration of the fistula. Today, we 
would say that the cornerstone of treatment is 
nutrition—aspiration and irrigation of the fistula 
being the two other important factors in this thera- 
peutic triad. 


Nutrition 

Modern methods of alimentation allow the patient to 
be supported during the healing of multiple abdo- 
minal fistulas. At the same time, if operation becomes 
necessary, it can be carried out on a patient in 
reasonable biochemical equilibrium. 

Parenteral nutrition: Since Dudrick’s original demon- 
stration (Dudrick et al., 1968), it is now well estab- 
lished that intravenous alimentation can maintain an 
excellent state of nutrition over a long period of 
time. We now use these methods widely. In the 
particular case of intestinal fistulas, there is the 
added problem of infection, with its complications. 
Serious degrees of septicaemia are rare, but local 
lymphangitis, involving frequent changes of the 
intravenous route, are regrettably frequent. Even- 
tually one arrives at a situation where no further veins 
are available in spite of the rigorous maintenance of 
every sort of aseptic technique. For this reason we 
now prefer to proceed to an alimentary nutritional 
route as soon as practicable. 

We will not detail here the exact dosage régimes of 
carbohydrate and protein which we use intravenously, 
but will simply say that the addition of lipids, with 
their major calorie contribution, which do not escape 
in the urine nor irritate the veins, has been a great 
advance in the technique of parenteral alimentation. 
Low flow enteric nutrition: This is maintained via a 
nasogastric or gastrostomy tube, supplied by a 
constant infusion pump over 24h. This type of 
administration is greatly preferable to the oral route. 
Continuous feeding by pump allows observation of the 
anorexic and cachectic patient with precise measure- 
ment of the input, and avoids the complications of 
nausea and vomiting. Peristalsis is reduced and 
transit time slowed, which favour absorption and 
reduce output from the fistula. In the space of a few 
days a major caloric intake—in the region of 75- 
90 cal and 2:5-3 g of protein per kg of body weight—~ 
is assured. 
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Mortality Bad Mortality 
Yo) prognosis (% 
23 <5 days 40 
28 Cancerous 34 
Irradiated 77 
31 Yes 42 
30 Disrupted 50 
32 Jejunal 43 

16 

20 > 500 ml 40 
20 >65 65 


We use two types of pump, the larger of which 
carries a refrigerated receptacle bearing the entire 
24-h ration. We use this method in the majority of 
major fistulas after a few days of intravenous nutrition. 
For high fistulas, involving the first few loops of 
jejunum, we usually employ total parenteral nutrition, 
but certain other centres are using an extracorporeal 
circuit, aspirating the intestine above the fistula via 
the tract and reinjecting the output into the distal 
limb. Clearly this method does not allow closure of 
the fistula, but it does serve to improve the nutritional 
status of the patient so as to permit later operation 
where indicated. 


Local care 

We routinely use lactic acid irrigation, according to 
Trémoliéres’ technique (Trémoliéres et al., 1961), in 
conjunction with aspiration of the fistula. The 
irrigating fluid contains 6g sodium chloride and 
4-6 g lactic acid per litre and the pH is adjusted to 
4-5 or 5 with sodium bicarbonate. The objective of 
this treatment is to achieve a clean wound bathed in 
lactic acid which is at the same time aspirated and 
mixed with the intestinal output. With a little imagina- 
tion and know-how it is always possible to control the 
fistula in this way. Lactic acid irrigation is particu- 
larly useful for pancreato-biliary-duodenal fistulas. 
It is effective in stopping autodigestion of the abdo- 
minal wall and is equally useful in high jejunal 
fistulas. We employ it routinely in all small bowel 
leaks. 


Surgical treatment 

The major problem of repair of the abdominal wall, 
which is often very difficult, will not be discussed 
here. We will concern ourselves only with local 
treatment of the fistula. 

Simple suture of the fistulous tract is almost never 
indicated. Resection of the involved loop begins by 
complete mobilization of the small bowel, which may 
involve a long and difficult dissection. When the 
involved loop has been identified and removed, 
there are two methods of reconstruction. End-to-end 
anastomosis is only safe if carried out in a healthy 
intestine. Otherwise, there is a high risk of anasto- 
motic leakage. Exteriorization of the ends, as proposed 
by Goligher (1971), may seem at first sight illogical, 
as it clearly involves the replacement of one intestinal 
fistula by another. None the less, it is a very useful 
method, particularly in low level fistulas. The manage- 
ment of a well-constructed ileostomy in a correct 
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Table H: TIMING OF SURGICAL TREATMENT: 
258 OPERATIONS 


Deaths 
No. of cases No. % Cured 
Within 2 days 20 10 $0 5 
< 15 days 55 29 53 10 
> 15 days 154 35 22 1il 


Chronic fistula 2 3 10 25 
Edelmann et al. (1975). 


Table HI: RESULTS OF MEDICAL TREATMENT 
ONLY IN THREE RECENT SERIES 


Total Spontaneous Cured Died 
cases closure (°4 Ca) (%) 
Dudrick et al. 78 70 93 7 
(1972) 
Philadelphia 
Himal et al. 25 56 _ 8 
(1974) 
Montreal 
Kaminsky and 65 80 86 12 
Deitel (1975) 
Toronto 





Table IV: TIME TO CLOSURE WITH 
MEDICAL TREATMENT ONLY 


Time to closure (d) 
O-10 11-20 21-30 31-40 41-50 51-60 >60 
No, of 12 26 24 9 10 6 3 
cases 


Nearly 80% closed within 40 days. 
Edelmann et al. (1975). 





Table V: RESULTS OF SURGICAL TREATMENT 
AS REPORTED IN 11 SERIES BETWEEN 1960 AND 1974 


Patients 


No. of patients operated % Deaths % 
267 154 58 62 40 
Unknown 39 9 23 
Total 193 71 37 





Persistent fistula 
179 (57%) 


Surgical treatment 
(mortality 20%) 


Fig. 1. Results of medicosurgical treatment in a collected 
series (Edelmann et al., 1975). 


Deaths 
48 (15%) 


Medical treatment 
90 (28%) cured 


place on the abdominal wall is very much easier 
than that of a leaking anastomosis. 

Exclusion of the involved loop is a good method 
provided that one is operating on a healthy intestine 
at some distance from the fistulous area and across 
a healthy abdominal wall. It is none the less essential 


to divide the afferent and efferent loops and to close 
them and carry out an end-to-end anastomosis, 
because other types of end-to-side or side-to-side 
anastomosis are not certain to dry up the fistula. 


Therapeutic indications 

Early surgery is sometimes necessary in the presence 
of an associated complication such as obstruction, 
peritonitis or abscess, but one must never lose sight 
of the fact that such early surgery does carry a very 
high mortality (Table H). Moreover, should the patient 
survive, recurrence of the fistula is not uncommon. 
Recent publications on medical methods of treatment 
have been very encouraging (Table IH), but these 
series do not include the really serious cases in which 
operation would have been essential to save life in 
view of the serious complications. 

Delay in closure is important (Table IV); some 
80 per cent of fistulas treated medically close in less 
than 40 days. Before complete closure, however, one 
observes a decrease in output and progressive healing. 
In general, one has a reasonably accurate prediction 
of the success or failure of conservative treatment 
towards the end of the first month, after which it is 
usually useless to prolong a conservative policy. 

Various series published between 1960 and 1974 
on the question of surgical treatment bring out 
clearly how serious these fistulas were before effective 
surgery became possible (Table V}. Development of a 
medical régime was therefore a most important 
advance. At the same time, the present author feels 
that we should not continue in obstinate persistence 
with it for too long. All of us can quote the occasional 
example of a fistula which has closed after many 
months of conservative treatment, but none the less 
it is preferable to operate as soon as such a régime has 
rendered the patient apyrexial and of good nutritional 
status, if there is still a considerable degree of output 
from the fistula at the end of 1 month. The majority 
of French surgeons now adopts this combined medico- 
surgical approach, as is demonstrated by the work of 
Edelmann et al. (Fig. 1). 


Conclusion 

The treatment of intestinal fistulas has greatly 
improved since 1960 as a result of the development of 
artificial nutrition and lactic acid irrigation. Every 
effort should be made to avoid operating prematurely 
because this carries a high mortality, but such an 
operation is the only chance of cure in the presence of 
such complications as obstruction, peritonitis or a 
deep-seated abscess. 

Care and application of the principles of local and 
general (artificial nutrition) medical treatment should 
still further reduce mortality and increase the number 
of ‘spontaneous’ closures of these fistulas. We must 
remain aware, however, of the major difficulty which 
Professor Goligher (1971) summarized very well: 
‘The crux of management of enteric fistulas is to 
decide when to abandon conservative treatment in 
favour of operation, whilst the latter has a reasonable 
chance of success, and there are few more difficult 
decisions in surgery.’ 


References 

DUDRICK S. J., WILMORE D. W., VARS H. M. et al. (1968) Long- 
term total parenteral nutrition with growth, development 
and positive nitrogen balance. Surgery 64, 134-145. 





DUDRICK S$. J., MACFAYDEN B. V., VAN BUREN ©, T., et al. (1972) 
Parenteral hyperalimentation: metabolic problems and 
solutions. Ann. Surg. 176, 176-259, 

EDELMANN G., MAILLET P. and TRÉMOLIÈRES J, (1975) Les 
Fistules Externes de l Intestin Gréle. Paris, Masson. 

EDMUNDS L. H., WILLIAMS G. M. and WELCH C. E. (1960) External 
fistulae arising from the gastro-intestinal tract. Ann. Surg. 
152, 445-471. 

GOLIGHER J. C. (1971) Resection with exteriorization in the 
management of faecal fistulas originating in the small 
intestine. Br. J. Sarg. 58, 163-167. 

HIMAL H. S., ALLARD J. R., NADEA J. F. et al. (1974) The impor- 
tance of adequate nutrition in closure of small intestinal 
fistulas. Br. J. Surg. 61, 724-726, 

KAMINSKY V. M. and DEITEL M. (1975) Nutritional support in the 
management of external fistulas of the alimentary tract. 
Br. J. Surg. 62, 100-103. 





Treatment of intestinal fistulas 689 
LEVY E., MALAFOSSE M., HUGUET C. et al. (1971) Réanimation 
entérale a faible débit continu. L’assistance nutritionnelle 
mécanique. In: Journ. Reanim. Hép. Claude Bernard 
(Paris). See also Ann. Chir. (Paris) (974) 28, 565-593; Rev. 

_ Prat. (1974) 24, 401-420. 

LEVY E., MALAFOSSE M., HUGUET C. et al. (1975) Diarrhées post- 
opératoires révélatrices de complications. In: Problèmes de 
Réanimation, 8th ed., vol. 1. Paris, SPEI Editions, pp..413- 
427, 

PARC R., LEVY E., LAIGNEAU P. et al. (1975) Le diagnostic 
précoce des péritonites post-opératoires par desunion 
d'une anastomose digestive (à propos de 100 cas). In: 
Problèmes de Réanimation, Sth ed., vol. 1. Paris, SPEI 
Editions, pp. 237-245. 

TREMOLIERES J., BONFILS $. and GROS 3. (1961) L'irrigation 
paracide lactique: traitement des fistules cutanées diges- 
tives avec sécretion trypsique et autodigestion. parictale, | 
Arch. Mal. Appar. Dig. 50, 636-645. a 





Br. J. Surg. Vol. 64 (1977) 690-694 


Local and surgical management of 


enterocutaneous fistulas 
MILES IRVING* 


SUMMARY 

Intensive nutritional treatment is now recognized as the 
single most important factor in achieving closure of 
enterocutaneous fistulas, replacing attempts at early 
surgical closure. Operation in the early stages of 
management should be confined to the drainage of 
abscesses, the defunctioning of diseased or disrupted 
bowel and the formation of feeding enterostomies. In 
those few cases where spontaneous closure of the 
fistula does not occur, definitive surgical operation 
can be carried out when malnutrition has been cor- 
rected, The combination of nutritional treatment, 
skin protection and judicious surgery can reduce the 
mortality to below 10 per cent. 


Tuere can be few more distressing postoperative 
complications for both patient and surgeon than the 
development of an enterocutaneous fistula. The com- 
plication is an insult to the surgeon’s pride, frequently 
casting doubt upon the quality of his anastomoses. 
He also knows that most studies of this condition 
have shown it to be associated with a high mortality. 

Depressing as the fistula may be to the surgeon, its 
effects upon the patient are even more profound. 
The discharge of bowel contents, usually through the 
recent abdominal incision or drainage site, together 
with the realization that intravenous nutrition and 
nasogastric intubation may have to be maintained 
for prolonged periods, is particularly depressing to 
the patient’s morale. Add to this the development of 
painful skin excoriation and the insidious onset of 
weakness due to malnutrition, and it is easy to see 
why the patients soon become victim to pressure sores, 
venous thrombosis and pulmonary complications. It is 
thus not surprising that in 1951, before the availability 
of modern treatment, one study reported the death of 
12 of 16 patients with duodenal fistulas following 
gastrectomy. Edmunds et al. (1960), reviewing 
experience in the management of enterocutaneous 
fistulas over the previous 20 years, commented that 
despite the introduction of antibiotic treatment and 
replacement therapy, the mortality had not changed 
in those two decades. 

The outlook soon altered dramatically as the 
importance of intensive nutrition became appreciated. 
It was realized that sustained nutritional treatment 
could lead to the spontaneous closure of the majority 
of enterocutaneous fistulas. Associated with this 
advance was a steady improvement in the techniques 
of peristomal skin care, removing much of the 
discomfort associated with excoriation. 

Although these advances have now rendered 
attempts at early surgical closure of fistulas unneces- 
sary—~an approach which many series have shown 
to be associated with a high mortality—they have not 
rendered all surgical operations unnecessary. This 
paper deals with the local and surgical management 
of the enterocutaneous fistula, assuming that appro- 
priate and sustained nutritional therapy is being 
simultaneously carried out as the prime treatment. 


Local management 

The collection of all fluid discharged from a fistula is 
important, not only for the protection it affords to the 
skin, but also because of the need for accurate 
knowledge of the volume and the contents of the 
fluid discharged. In some instances, such as a duo- 
denal fistula containing both biliary and pancreatic 
fluid, the effluent may be suitable for reinfusing 
directly into the gut. 

A range of appliances and materials has been 
developed to cope with even the most irregular and 
high output fistula and with skill and care there are 
few that cannot be controlled. We have recently 
described methods of coping with the skin around 
enterocutaneous fistulas (Gross and Irving, 1977), but 
even in the short time since that paper was accepted 
for publication further advances have occurred. 

The introduction of large sheets of Stomahesive 
which can be cut to fit the irregular and sometimes 
multiple defects through which enteric contents dis- 
charge has been of undoubted benefit in the manage- 
ment of these patients (Fig. 1). Added to this, the 
development of large drainable bags to fit over the 
fistulas has been of considerable value, and the recent 
modification of these by the addition of an inspection 
panel which can be lifted off to allow examination and 
dressing of the wound is a further advance (Fig. 2). 

Achieving a leakproof seal can be a difficult task, 
especially in the presence of a high output fistula 
draining large quantities of corrosive fluid. Before 
commencing the fitting of a seal, an assessment of the 
materials likely to be required is made and they are 
laid out on the trolley ready for rapid use. Speed in 
fitting the appliances around the fistula is the key to 
success, for fistula fluid rapidly digests some of the 
adhesives before they set, rendering them no longer 
leakproof. 

In a fistula with fairly smooth surrounding tissues 
the initial step is to fit a square of Stomahesive to the 
area, cutting into it a hole just larger than the size of 
the fistula. A sucker is used to take up all the dis- 
charge from the fistula whilst the square of Stoma- 
hesive is rapidly applied and pressed into place. The 
gap between the Stomahesive and the mouth of the 
fistula is then filled with karaya paste. A drainable 
bag with an integral karaya seal is then fitted. In the 
case of an irregular fistula, or one coming through 
the depths of a wound, the Stomahesive may not 
form an absolutely leakproof seal. In these cases, 
using the same technique for keeping the area dry, 
karaya paste is applied into the crevices to allow the 
construction of a level surface to which the Stoma- 
hesive can be applied. In the case of huge defects, too 
large even for large Stomahesive sheets, the ‘bridge’ 
technique which we recently described, although 
makeshift, may be the only way to achieve control 
(Gross and Irving, 1977). 
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Fig. 1. A Stomahesive square fitted around a large irregular 
defect containing a high output small bowel fistula. 





Fig. 4. A barium meal in the same patient showing stretching 
and compression of the duodenal loop by a pancreatic 
abscess. 
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Fig. 2. A fistula with the surrounding skin protected by 


Stomahesive and a drainable bag being viewed through the 
detachable inspection panel. 





Fig. 5. An ultrasound scan showing an intra-abdominal 
abscess (arrowed). 
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Fig. 3. A fistulogram in a case of pancreatic fistula showing Fig. 6. Mucocutaneous continuity between the bowel and 
contrast passing into a large abscess cavity. the skin, an absolute indication for surgical closure. 
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In view of these advances in the local management 
of fistulas the role of sump suction must now be 
reassessed. Some workers have described it as being 
one of the cornerstones of management in dealing 
with an enterocutaneous fistula, claiming that it 
protects the skin and allows accurate measurement 
of the discharged fluid. Nowadays these functions are 
more efficiently achieved by the stoma care technique 
just described. Unless suction can be shown to have 
-© Some intrinsic value, it should be discarded. Indeed, 
as the whole aim of fistula treatment is to rely upon 
the body’s natural tendency to direct enteric contents 
down the anatomical paths whilst encouraging 
inflammatory and other healing processes to obli- 
terate the fistulous track, the presence of a tube 
sucking enteric contents to the surface may be a 
positive hindrance to healing, serving only to keep 
the track open. 

It must be admitted that the absence of a tube 
down to the origin of the fistula may occasionally 
allow premature closure of the external opening and 
necessitate its being temporarily reopened, but this is 
rarely of significance in the overall management of 
these cases. 


Surgical management 

Now that it has been clearly demonstrated that 
adequate and sustained nutritional support will close 
the majority of enterocutaneous fistulas (MacFadyen 
et al., 1973), direct and aggressive surgical approaches 
aimed at resecting or closing the fistula, as advocated 
before the availability of nutritional treatment, are no 
longer necessary. We must at this stage, however, 
clearly differentiate conservative treatment of a 
fistula from the need to reopen the abdomen of a 
patient who shows the signs of peritonitis from the 
disruption of a recent anastomosis. In these latter 
circumstances there is no question that the abdomen 
should be re-explored as a matter of urgency and the 
situation treated in the same manner as any case of 
generalized peritonitis. 

In the case of a fistula, however, where leakage of 
enteric contents is not associated with generalized 
peritonitis, the surgical operations indicated are 
different and can be categorized as follows: 

1. Drainage of abscesses. 

2. Defunctioning of diseased bowel. 

3. Creation of enterostomies. 

4. Definitive procedures, e.g. resection of diseased 
bowel and formal closure of fistula. 

Timing of these surgical procedures is crucial if the 
outcome is to be successful. The patient must be 
fully investigated in a systematic fashion, in order that 
operations are carried out at the optimum time. 


Investigation of the patient 

We have followed a modification of Sheldon’s four- 
stage approach to the management of the patient 
with an enterocutaneous fistula (Sheldon et al., 1971). 
After resuscitation, a careful history is taken and 
previous investigations are entered on a flow chart 
which is then maintained until the fistula closes. The 
first priority in investigation is to establish the source 
of the fistula and to try to assess whether there are 
any factors, such as total anastomotic disruption or 
distal obstruction, which will prevent it from healing, 
thus making surgical operation mandatory. A variety 
of techniques can be used, the simplest of which is 


the administration by mouth of carmine marker to 
assess the transit time from the stomach to the fistula. 
The most valuable investigations are, however, 
fistulography through the external openings (Fig. 3) 
and conventional barium studies (Fig. 4). Such 
studies, supplemented where necessary by urography 
and cystography, will give a good indication as to 
whether the fistula will heal and whether abscess 
cavities are present. 

Determining the presence of abscesses can be a very 
difficult procedure, and yet it is crucial to the progress 
of the patient. A swinging pyrexia and polymorph 
leucocytosis, though suggestive of abscess formation, 
are not totally reliable indications, whilst conversely 
the absence of these signs does not exclude the presence 
of pus. A very high urinary nitrogen output is often 
indicative of the presence of sepsis, but again this is 
only circumstantial evidence. We have found barium 
contrast and ultrasound studies of the abdomen the 
most useful investigations, the latter being very 
accurate in many cases (Fig. 5). Abscesses in typical 
areas such as the subphrenic space and the pelvis can 
be diagnosed by a combination of clinical examination, 
chest radiography and the above techniques. Patients 
in whom intrahepatic abscess formation is suspected 
should have an isotopic scan of the liver. 


Drainage of abscesses 

The factors that lead to an intestinal fistula, e.g. 
breakdown of a suture line, ischaemia, distal obstruc- 
tion and transmural spread of bowel disease, will 
obviously also lead to inflammation in the surround- 
ing tissues and, in some cases, to abscess formation. 
In our own series 10 of 35 patients had abscess for- 
mation and this incidence of around 30 per cent 
agrees with the figures of Edmunds et al. (1960), 
who had 18 intraperitoneal abscesses in 55 patients 
with gastroduodenal fistula and 41 intraperitoneal 
abscesses in 112 patients with fistulas arising from 
the large and small bowel. 

The drainage of these abscesses is fundamental to 
the successful management of enterocutaneous 
fistulas and should be undertaken as soon after the 
diagnosis as is possible. Intraperitoneal abscesses may, 
by exerting pressure upon the bowel, mechanically 
prevent closure of the fistula and their effect upon 
metabolism may be such as to make it virtually impos- 
sible to achieve positive nitrogen balance until they 
are drained. 

The presence of septicaemia in the patient with a 
fistula should be assumed and blood cultures should 
be part of the initial investigation. The advice of the 
microbiologist should be sought at an early stage to 
determine which antibiotic therapy should be com- 
menced. 

Abscesses may be approached in two ways. Either 
a standard local approach may be carried out, such as 
transrectal drainage of a pelvic abscess, or a subcostal 
extraperitoneal approach may be employed for a 
subphrenic abscess. The present author would reject 
these methods in the patient with an intra-abdominal 
abscess associated with an intestinal fistula and 
advocates a full abdominal exploration either through 
the old incision or through a fresh incision. It has been 
our experience that these cases often have multiple 
abscesses (17 in 10 patients explored in our series) and 
only an adequate incision will allow complete inspec- 
tion of the abdominal viscera and drainage of all 


sites of abscess formation. Using this approach, a 
subphrenic abscess can be adequately drained across 
the peritoneal cavity without increased risk to the 
patient, the liver can be needled for the presence of 
intrahepatic accumulations of pus and the small 
abscesses that frequently lie between loops of bowel 
will be found. At the same operation enterostomies 
can be constructed if indicated, but no attempt should 
be made to deal with the fistula at this stage. 

Common sense dictates that there are exceptions to 
this approach, but in general the author believes the 
policy to be rational and effective, and well tolerated 
by the patients. 


Defunctioning of diseased bowel 

Although the raising of a stoma proximal to an 
intestinal fistula rarely leads to the closure of the 
fistula, the procedure can be a valuable aid in the 
management of certain patients. Thus in a patient 
with Crohn's disease of the terminal ileum with 
enteric contents pouring out through many orifices in 
the abdominal wall, the raising of an ileostomy 
proximal to the fistula can create a controllable 
stoma and reduce the output from the fistula to 
manageable proportions. Similarly, colostomy can be 
used for faecal fistulas, but for maximum benefit the 
stoma should be as near to the fistula as possible. A 
transverse colostomy will be relatively ineffective in 
dealing with a leak arising from the rectum. In some 
instances the approach recommended by Goligher 
(1971) would be most appropriate. He advocated 
excision of the bowel containing the fistula, bringing 
the proximal bowel to the surface as a stoma and 
either closing off the distal bowel or creating a mucous 
fistula. This operation is particularly appropriate 
where the fistula is arising from a completely dis- 
rupted anastomosis. 


Creation of enterostomies 

Both surgeon and patient must accept that treatment 
of intestinal fistulas is often a prolonged exercise. 
Such unpleasnt procedures as intravenous infusion 
and nasogastric suction may be necessary for very 
long periods. 

The development of elemental diets which provide 
residue-free nutrition means that there is now an 
effective alternative to parenteral nutrition. Patients 
with intestinal fistulas can be adequately fed as long 
as a suitable segment of bowel is available for absorb- 
ing the diet. Providing that access can be gained to 
100 cm of jejunum or 150cm of ileum, the patient 
can be nourished by an elemental diet, no significant 
residue being left in the bowel. Although ideally 
these diets should be taken by mouth, some patients 
find them extremely unpleasant and in these cases 
tube feeding, using a nasogastric tube, has been 
recommended. Such tubes are, however, depressing 
for the patient and are undoubtedly associated with 
the development of oesophageal stricture when used 
for prolonged periods. Some of these objections can 
be overcome by the use of very fine tubes for adminis- 
tration of the diet, but unless carefully managed, 
they can become blocked. 

The surgeon can aid the administration of these 
diets by the construction of a feeding enterostomy. 
A simple gastrostomy in the case of a distal fistula 
has a double advantage in that it provides com- 
fortable gastric drainage until normal peristalsis 
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resumes and can then be used for the administration 
of the diet and fluid and electrolytes. In the case of a 
proximal fistula where oral or nasogastric feeding is 
in any case inappropriate, a catheter inserted into the 
jejunum below the fistula allows not only continuous 
feeding by constant infusion, but also, if necessary, 
the reinfusion of fistula contents. 

Many complex methods of constructing gas- 
trostomies and jejunostomies have been described, 
but all that is necessary is the insertion into the gut of 
a size 12 Foley catheter through a purse string 
suture, inflation of the balloon with 3-4 ml of water 
and suture of the serosa of the bowel to the parietal 
peritoneum where the catheter passes through the 
abdominal wall. 


Definitive procedures 

In those fistulas that do not close spontaneously with 
nutritional treatment, and in the best hands this is 
only some 30 per cent, some form of definitive surgery 
is necessary. Deciding what is necessary can be difficult 
and the operations used encompass the whole of 
gastro-enterological surgical practice. 

In those few patients in whom spontaneous 
closure does not occur, one should ask: ‘Why is this 
fistula not closing?’ There are three main reasons 
why closure does not occur. First, there is distal 
obstruction, such as is seen when a fistula from the 
caecum develops following appendicectomy and fails 
to close because of obstruction from a carcinoma in 
the left colon. In these cases it is obvious that only 
ie of the obstruction will allow the fistula to 
close. 

Secondly, there are those cases where, as Moore 
(1960) stated, a small fistula leads into a large abscess 
cavity which is draining through a small cutaneous 
opening. Only adequate drainage of the abscess will 
enable these fistulas to close spontaneously. Similarly, 
when an area of diseased bowel, affected for example 
by Crohn’s disease or carcinoma, with the fistulous 
opening in it is invading the abdominal wall, spon- 
taneous closure is unlikely. 

Finally, there are cases where the mucosa of the 
bowel fuses with the skin to give mucocutaneous 
continuity and in effect creates a stoma (Fig. 6). 

All these conditions can be dealt with by standard 
surgical techniques, but these should only be carried 
out when the patient is well nourished, free of overt 
sepsis and has been thoroughly investigated. 

The fundamental! rule governing definitive surgical 
operation should be that where possible the diseased 
area is radically excised and continuity restored by 
end-to-end anastomosis of healthy bowel. Even such 
an approach does not guarantee success, for the anasto- 
mosis usually lies in a less than ideal environment 
following resection and is itself more than usually 
prone to further breakdown. Procedures which 
bypass or exclude the fistula, such as those described 
by Edmunds et al. (1960), are not recommended, for 
they do not remove the underlying disease and 
invariably demand more than one suture line. In such 
circumstances the fistula will almost certainly fail to 
heal and there is a danger that the new suture lines 
will also break down. 


Discussion | 
The vast improvement in prognosis that we have 
witnessed in patients with intestinal fistulas over the 
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past decade has been brought about by the recogni- 
tion of the primary importance of nutritional treat- 
ment. The total management of these conditions is 
complex and, as Dunphy has aptly stated, ‘the suc- 
cessful management of a high output fistula demands 
all the resources of a large well-trained surgical and 
nursing team with modern laboratory support’. 
Indeed a strong case can be made for the centraliza- 
tion of these cases in order that they may be managed 
by such trained teams and that research can be under- 
taken to further improve the outlook. 

As the benefits of nutritional treatment have 
emerged, so the place of surgery in the management 
of these patients has been clarified. It has become 
clear that early surgical closure of enterocutaneous 
fistulas is not only ineffective, but is also accompanied 
by a high mortality. Surgical closure should only be 
attempted once the patient has been nutritionally 
restored and it has become obvious that the fistula 
will not close spontaneously. 

The decision as to when to close an intestinal 
fistula is a difficult one to make. Once intensive 
nutritional treatment is started and infection is 
brought under control the output from the fistula 
usually starts to fall within a few days. Provided that 
the drop in fistula output is maintained, it is worth 
continuing with nutritional treatment for prolonged 
periods. When, however, the fistula output does not 
fall, and there are none of the obvious factors pre- 
viously mentioned to account for its staying open, 
then surgical intervention should probably take place 
after about 4 weeks. Nutritional and antibiotic 
treatment during this time should have corrected 
malnutrition and overt infection and the chances of a 
successful closure are then high. Several surgical 


techniques for dealing with persistent fistulas have 
been described but evaluation of these is beyond the 
scope of this paper. On the whole, however, the 
resection of bowel containing a fistula does not 
present any particular technical problems and is 
associated with the highest success rate. Other 
techniques, such as Roux loops and mucosal grafts, 
are necessary for the management of those fistulas 
which cannot be resected or in which continuity 
cannot be restored after excision of the diseased area. 
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Nutritional support of fistulas 


J. THORNTON HOLMES* 


NUTRITIONAL support of patients with fistulas is not 
new-—Brunschwig et al. in 1945 successfully treated a 
patient with a high output small intestinal fistula by 
intravenous feeding~-but it is probably only recently 
that the paramount importance of nutritional support 
in these cases has become recognized. Despite this 
early success, when Edmunds et al. summarized the 
results in 157 cases in 1960, they found a mortality 
rate of 62 per cent for gastric and duodenal fistulas, 
34 per cent for small bowel fistulas and 16 per cent 
for colonic fistulas—results which had not changed 
for 20 years. 

Lawson (1965) noted that an acute loss (within 
30 days) of 30 per cent body weight in severely ill 
patients was uniformly fatal, and Morgan et al. (1970) 
postulated that acute depletion of one-third of the 
ree a protein in previously normal persons is 
ethal. 

Once the importance of nutrition was recognized 
results began to improve. Rocchio et al. in 1974, 
using a combination of intravenous feeding and 
elemental diets, had only a 16 per cent mortality in 
37 patients with a 65 per cent spontaneous closure 
rate, whilst in 1971 Bury et al., using elemental diets 
alone, achieved a 15 per cent mortality and a 50 per 
cent spontaneous closure rate. 

A recent paper by Himal et al. (1974) reviewed 91 
patients having undergone different régimes of treat- 
ment which allowed some comparison. There were 
four approximately equal groups. The first group was 
treated by simple drainage of the fistula with fluid 
and electrolyte support only and had a mortality rate 
of 31 per cent. The second group was treated as the 
first, but surgical closure was attempted when spon- 
taneous closure seemed unlikely. The mortality was 
26 per cent. The third group was treated as the first, 
but surgical closure was attempted within 48 hours 
with a mortality of 47 per cent. The fourth group had 
the benefit of additional nutritional support and 
surgical closure was performed when and if necessary. 
The mortality fell to 8 per cent and 56 per cent of the 
fistulas closed spontaneously. 

It is thus abundantly clear that nutritional support 
is essential; indeed, it is without doubt the most 
important part of the management of intestinal 
fistulas. Treatment without nutritional support will 
have a high mortality rate and it was noticeable in 
Himal’s review that early aggressive surgery had the 
worst results of all. 

The first priority therefore is to try to improve the 
patient’s nutritional status. This alone may allow the 
fistula to heal, and if it does not, it will allow a 
reasonable chance of success with a later planned 
operation. 

Nutritional support can be given either intra- 
venously or by the use of elemental diets; frequently 
both can and should be used. 


Intravenous nutrition 


Energy sources 
Table I shows the energy requirements of a normal 
subject at rest; all the requirements discussed here 


apply equally if nutrition is provided by an elemental 
diet. It can be seen from Table I that a healthy adult 
requires 8400-10 500 kJ under these conditions. The 
ae sources available are carbohydrate, alcohol 
and fat. 


Table I: DAILY ENERGY REQUIREMENTS AT 
REST 


Energy 
Age (yr) (kJ kg d™*) 
0-1 420-504 
j-4 378 
4-10 336-357 
10-14 210-294 
14-18 189-210 
18-35 147-168 
35-4 126~—147 


Glucose is the most widely used of the carbo- 
hydrate sources and is preferred by the present 
author. Fructose has the theoretical advantage of 
being insulin-independent, but it is only the hepatic 
conversion of fructose to glucose which is insulin- 
independent, its further metabolism being entirely 
dependent on insulin because the final utilization 
occurs as glucose (Froesch and Keller, 1972). It has 
several disadvantages, the most serious being that it 
readily produces lactic acidosis, even with infusion 
rates as low as 0:5 g kg-t h-t, From the more practical 
point of view, it is markedly more expensive. Sorbitol 
is frequently used, but is metabolized to fructose and 
suffers the same disadvantages. It is also not reabsorbed 
in the renal tubules and was shown by Seeberg et al. 
(1955) to appear in the urine even with low infusion 
rates. It thus tends to produce a marked osmotic 
diuresis and this is particularly undesirable in patients 
with fistulas, in whom fluid and electrolyte balance is 
already a problem. 

Alcohol is a useful calorie source in that it provides 
29:8 kJ/g. Total intake should not exceed 1 g kg? d~t 
to avoid any possibility of intoxication and its 
sedative effect may be helpful (Thoren, 1964). It 
should, of course, be avoided in pancreatitis and liver 
disease. 

Fat is particularly valuable as its high calorific 
value of 38-2kJ/g means that a large number of 
calories can be given in a small volume. It has other 
advantages: intravenous fat is isotonic, has virtually 
no osmotic effect and provides essential fatty acids 
and phosphate. Soya bean preparations (Intralipid) 
are most commonly used and adverse reactions are 
rare, a mild pyrexia being the only one usually 
encountered. Lipaemia may occur, however, and ill 
patients may not clear the fat particles as rapidly as 
normal subjects (Lawson, 1965). The plasma should 
be checked for milkiness after the infusion is set up 
and at least once weekly thereafter, the test being 
performed at least 12 h after the last fat infusion has 
been completed. It will usually be found that 200 g/d 
(i litre of 20 per cent Intralipid) is about the maxi- 
mum that can be infused into the average adult. 


* Peterborough District Hospital, Thorpe Road, Peterborough. 
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Table H: DAILY PROTEIN REQUIREMENTS 
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Protein 
Age (yr) (g kg d9 
0-1 1:8-2:2 
1-2 2-0 
2t 1-8 
4-10 1-5 
10-14 E213 
14+- 1-0 


Table TI: COMPOSITION OF VIVONEX PER 
1000 CALORIES 


Constituent Content 
Carbohydrate 212 g (glucose) 
Protein 20 g 

Fat 0-87 g 
Sodium 55 mmol 
Potassium 30 mmol 
Chloride 76 mmol 
Magnesium 8 mmol 
Calcium 11-1 mmol 


Table IV: POSSIBLE COMPLICATIONS OF AN 
ELEMENTAL DIET 
Unpalatability 
Gastro-intestinal: 
Nausea 
Delayed gastric emptying 
Diarrhoea 
Aspiration 
Disturbances of water balance: 
Hyperosmolar dehydration 
Hypertonic non-ketotic coma 
Hyperglycaemia 
Skin rashes 


Protein solutions 

Two types of nitrogen source are available: casein 
hydrolysates and synthetic crystalline amino acid 
solutions. Although the synthetic L-amino acid 
solutions have been specifically formulated, their 
effect on nitrogen balance is no better than that of 
the cheaper casein hydrolysates (Tweedle et al., 1971). 
The high sodium content of the casein hydrolysate 
Aminosol is often thought to be disadvantageous, but 
it may be particularly useful in a patient who has a 
high sodium loss via a fistula. Table H shows the 
approximate daily protein requirements of a healthy 
subject af rest. It can be seen that the average adult 
requires | g kg~! d-! of protein in the resting state and 
considerably more if he is hypercatabolic, as is almost 
invariable with fistula patients. 

It is always important to ensure that adequate fluid 
and electrolytes are provided in the presence of 
fistulas. Sodium and potassium are obviously essential 
and magnesium must also be given if intravenous 
feeding is prolonged. It is essential as a cofactor in 
many enzyme reactions and if it is severely depleted 
the individual may be unable to mobilize calcium or 
retain potassium effectively. 

If intravenous feeding is prolonged, complete 
vitamin supplements, including vitamin K, should be 
given. 

Although a peripheral vein can be used for infusion 
of the substances if the needle is changed every 12 h, 
most fistula patients have few or no remaining peri- 
pheral veins and the use of a central venous catheter 
is Obligatory. It must always be remembered that this 


carries numerous risks, the greatest of which is 
sepsis, and this procedure should always be regarded 
as a major step in treatment and a strict protocol 
observed (Holmes, 1975). 

To summarize, an average adult at rest requires 
approximately 10 500 kJ plus 70 g of protein per day. 
Thirty per cent of the calories should be provided as 
carbohydrate to ensure sufficient generation of 
oxaloacetate for cycling in the Krebs cycle. At least 
Smmol of potassium should be provided per 
gramme of nitrogen and the calories should be given 
with or shortly after the amino acids. 


Elemental diets 

Table III shows the basic composition of an elemental 
diet (Vivonex). The protein fraction is made up of 
essential and non-essential amino acids and the 
formulation also contains a full range of trace elements 
and vitamins, including vitamin K. If feeding is 
prolonged it is wise to check the prothrombin time 
occasionally as absorption may be a little uncertain in 
many of the situations where the diet is used. 

Although these diets can be administered by 
mouth, they are probably best given by slow tube 
feeding since the usual 25 per cent solution is hyper- 
tonic and too-rapid administration may produce 
nausea and delayed gastric emptying. Tube feeding 
also allows continuous 24-h administration which 
increases the total amount which can be given; 
12 600-16 800 kJ/24h should be achievable. 

Owing to the hypertonicity, feeding should be 
commenced with a dilute 10 per cent solution and 
slowly increased to 25 per cent. Additional water is 
also required and should be freely given. These diets 
are almost completely absorbed in the upper gastro- 
intestinal tract and require no digestion before 
absorption; they do not stimulate biliary, pancreatic 
or intestinal secretion to any extent and produce 
minimal residue. 

Elemental diets have certain advantages over 
intravenous feeding. They are much easier to ad- 
minister and provide greater leeway in the adminis- 
tration of trace elements. Their use eliminates the 
major risk of long term parenteral nutrition, namely 
sepsis, and avoids all the other risks of central venous 
catheters and of the solutions themselves. As with all 
therapy, however, there are certain disadvantages, and 
Table IV shows the reported complications. Palata- 
bility may be a real problem, but this can usually be 
overcome by using one of the many flavours available 
and the difficulty can be eliminated by tube feeding. 
Aspiration is a problem, particularly in the elderly 
and at night, and a feeding gastrostomy or jejunos- 
tomy may be preferable. Most of the other reported 
complications are connected with the hyperosmolarity 
of the solutions. These can usually be resolved, 
provided that one remembers it is a matter of route, a 
matter of rate and a matter of fact that the gastro- 
intestinal tract will rapidly equilibrate any hypertonic 
material. 

Thus far only basic requirements have been 
discussed, but most patients with fistulas are hyper- 
catabolic, usually septic and their calorie require- 
ments may be increased two- or threefold. Parenteral 
feeding is then frequently required, initially to supply 
sufficient protein and calories, and may be supple- 
mented by an elemental diet. Later, as the patient’s 
condition improves, it may be possible to switch to 
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Simplified Suturing System. 

it's the logical answer to a bewild- 
ering situation that’s exploded over 
the years into an overwhelming pro- 
fusion of suture and needle avail- 
ability, which confused everyone, 
manufacturefs like ourselves included. 

At a strake, we've brought a little 
sanity back to suturing, with a simple 
system that Surgeons like you agreed 
was long overdue. A multipurpose 
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needle, with three superlative sym 
thetic materials giving a versatile con- 
trolled permutation of suture/needile 
size combinations for most applic- 
ations youre likely to want. And every 
piece conveniently packaged in a 
sensible colour-and-digital-coded way. 
(Your Theatre staff will thank you for 
that). 
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an elemental diet alone. In such situations of marked 
hypercatabolism it may be very helpful to calculate 
approximately individual nitrogen requirements by 
the method of Allen and Lee (1969). 

When treating fistulas with these diets, it may be 
possible to thread a nasogastric tube past the fistula 
if it is high, but otherwise a feeding jejunostomy 
should be constructed below the fistula. For low 
fistulas a gastric tube is usually satisfactory, owing 
to the virtually complete absorption in the upper 
jejunum. If, after the institution of an elemental diet, 
the fistula output does not drop, it should be remem- 
bered that Ragins et al. (1973) showed in dogs that 
whilst intraduodenal or jejunal Vivonex produced 
minimal pancreatic secretion, intragastric infusion 
produced marked secretion. 

Fig. 1 shows the progress of a patient with extensive 
Crohn's disease of the colon who was treated with an 
elemental diet before surgery. She was a lady of 78 
who had had Crohn's disease since 1971 and when 
admitted in September 1975 she had five perianal 
fistulas with gross perineal soiling and inflammation. 
She weighed 51 kg, which was 10-15 kg below her 
expected weight, the serum albumin was 23 gji, she 
had ankle oedema and was clearly in gross negative 
nitrogen balance. Tube feeding was begun with an 
elemental diet and continued for 38 days with a 2-kg 
rise in weight and a maximum level of serum albumin 
of 34 g/l. This value fell just before operation owing 
to an episode of septicaemia. Her general condition 
was vastly improved, all oedema had disappeared 
and she tolerated a proctocolectomy extremely well. 
The postoperative course was complicated by a large 
wound abscess and the perineal wound was slow to 
heal. Further dietary support was needed and she 
then made a good recovery. This case well illustrates 
the prime importance of nutritional support in 
patients with fistulas and it is unlikely that a suc- 
cessful result could have been achieved without it. 

It must always be remembered that in nearly all 
series the majority of fistulas is associated with 
surgical intervention and certain principles should 
always be followed. Surgery should not be attempted 
in patients in negative nitrogen balance unless 
necessary to control sepsis. Under these circum- 
stances, one should choose a procedure which 
eliminates as many risks as possible and anastomosis 
should not be attempted. An ileostomy or colostomy 
together with the creation of a mucous fistula with 
the distal gut may be required and a feeding jejunos- 
tomy should be created if necessary. Prophylactic 
antibiotics should be given if the surgeon is working 
in a contaminated field and these should include cover 
against anaerobic organisms. 

If a fistula does develop, fluid and electrolytes 
should be immediately restored and local measures 
taken to minimize its effects on the skin. Any pus 
should be drained and nutritional support begun. 
Operation should be deferred until the patient is in 
positive nitrogen balance and there is no remaining 
sepsis. Finally, always remember that depleted 
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Fig. 1. Mrs M., aged 78 years. Crohn's disease with 
perianal fistulas. Nutritional status during 38-day 
administration of an elemental diet. 


patients get fistulas as well as being depleted by the 
fistulas they already have. 
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Delayed (degenerate) interfascicular nerve grafting: 
a new concept in peripheral nerve repair 
ROBERT A. DICKSON, JOHN DINLEY, GEOFFREY RUSHWORTH 


AND ANN COLWIN* 


SUMMARY 
Interfascicular nerve grafts allowed to undergo endo- 
neurial tube emptying in situ before transfer have been 


compared with grafts transferred fresh in terms of 


structure and function. The sciatic nerve of the rat was 
the model and its structure and ultrastructure were 
superior following degenerate grafting. More impor- 
tantly, electrophysiological studies showed that function 
in nerves repaired with degenerate grafts was signi- 
ficantly better than in those repaired with fresh 
grafts. 


Tue classic work of Sunderland (1968) defined the 
anatomical features of nerve trunks in relation to 
nerve injury and indicated some anatomical reasons 
why nerve continuity may be of poor quality after 
repair. Axons gathered into fasciculi surrounded by 
perineurium may only occupy a quarter of the cross- 
sectional area of a peripheral nerve in some anatomical 
sites. If repair is performed by approximating the 
epineurium which surrounds the entire nerve, then 
only a few degrees of malrotation at the site of 
repair may lead to a complete loss of nerve tissue 
continuity. This is an important reason why methods 
of repair based upon epineurial approximation 
achieve useful functional recovery in only a small 
proportion of patients (Saunders and Young, 1942; 
Seddon, 1954; Seddon, 1963). 

With the advent of the operating microscope, 
approximating fasciculus to fasciculus has become 
technically feasible and the results show a vast 
improvement over past methods of repair (Owen, 
1976). However, when a nerve is divided the cut ends 
retract and there is, therefore, tension at the site of 
the repair. Furthermore, it has been shown that the 
perineurium contains contractile elements (Ross and 
Reith, 1960), and therefore retraction is more evident 
when the fasciculi are dissected from the surrounding 
epineurium in readiness for interfascicular repair. A 
local fibrous tissue response proportional to the 
degree of tension occurs at the site of repair which 
militates against a good functional result (Millesi, 
1968). Optimal function is achieved when the deficit 
between the cut ends is bridged by interfascicular 
nerve grafts without tension, even though the re- 
generating axons have to cross two anastomoses 
(Millesi et al., 1972). 

The distal migration of axons after approximation 
of the nerve ends is guided by the intrafascicular 
neurilemmal! systems within the distal stump which 
are emptied as a result of Wallerian degeneration 
(Ramon y Cajal, 1928). Wallerian degeneration with 
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Fig. 1. Diagram showing the component parts of a peripheral 
nerve. An interfascicular graft is in position before suture. 


endoneurial tube emptying provides a chemotactic 
mechanism in the re-establishment of physiological 
function as a final result of neural regeneration 
(Attardi and Sperry, 1963). Metabolic studies on 
peripheral nerve injuries have shown that the cells of 
origin of a transected nerve are in optimal condition 
for regeneration after 1 month (Ducker et al., 1969). 
The chromatolysis seen in the central cell after 
peripheral nerve division has been shown to represent 
ribonucleic acid transformation into a more active 
form, associated with an increase in enzymatic 
activity and the incorporation of amino acids (Gersh 
and Bodian, 1943). These changes are maximal at 
2-3 weeks. Later the endoneurial tube diameters 
shrink by 20 to 50 per cent and this tends to be 
irreversible (Cragg and Thomas, 1961). At a later 
stage the pleuripotential nature of the Schwann cells 
leads from phagocytosis to fibrous tissue invasion 
(Satinsky et al., 1964). An optimal delay period before 
nerve repair may therefore exist and beyond this 
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period irreversible changes will occur which will 
outweigh the advantages of delay. 

Furthermore, in the human situation it is not 
uncommon to have to deal with a severed nerve after 
a delay of 2 or 3 weeks during which the integument 
has soundly healed and other divided structures 
have been repaired. If interfascicular nerve grafting 
is performed after a short delay then the regenerating 
proximal end is growing axonal sprouts, the degenerat- 
ing distal end has emptied its endoneurial tubes in 
readiness for receipt of the proximal axons, but the 
intervening graft is fresh, devascularized in the trans- 
fer process, and needs to be revascularized before 
undergoing endoneurial tube emptying. There is, 
therefore, an unfavourable degeneration time differ- 
ence between the nerve ends and the intervening graft 
(Fig. 1). If, however, the donor nerve has been sec- 
tioned previously and allowed to undergo endoneurial 
tube emptying in situ before transfer, then no such 
time difference exists and the regenerating proximal 
.axons should suffer no impedance to their reneuro- 
tizing the graft and the distal segment. Better quality 
structure and function might therefore be expected 
to occur by using degenerate interfascicular nerve 
grafts. 

This concept of delayed (degenerate) interfascicular 
nerve grafting was therefore investigated experi- 
mentally in the domestic white rat. The study was 
carried out in two parts; in part | a suitable length of 
time was determined for degeneration to occur in the 
donor nerve after division and before transfer, while 
in part 2 grafts allowed to degenerate for this time 
period were compared with fresh grafts in terms of 
structure and function after interfascicular nerve 
grafting. 


Materials and methods: part 1 

The right sciatic nerve was divided in each of 12 200-2 domestic 
white rats. The distal 1 cm of the proximal nerve end and the 
proximal 2 em of the distal nerve end were then removed 
from groups of 3 rats at 2, 4, 6 and 8 weeks after nerve division. 
Transverse sections of these specimens were studied histo- 
logically and by electron microscopy. 


Results: part 1 

The proximal end showed minimal changes of 
Wallerian degeneration with endoneurial tube empty- 
ing but no disorganization of the myelin sheaths. 
The 2-week specimens showed proximal axonal 
sprouting from most of the neurilemmal systems. 
There was a steady increase in proximal regeneration 
through the 4- and 6-week specimens. At 8 weeks the 
specimens showed marked proximal regeneration 
with neuroma formation. 

The distal end specimens showed much more 
marked changes of Wallerian degeneration (Fig. 2). 
At 2 weeks endoneurial tube emptying had occurred 
but with good preservation of myelin sheaths. Only 
a few neurilemmal systems had broken up with myelin 
body formation. At 4, 6, and 8 weeks the endoneurial 
tubes were progressively filled with myelin break- 
down products and by 8 weeks the tube diameter had 
diminished and the Schwann cell was disrupted. 

Two weeks was therefore considered a suitable 
period for donor nerve degeneration before transfer. 


Materials and methods: part 2 
Sixteen 200-g domestic white rats were studied in two groups 
of 8. In one group the right sciatic nerve only was divided and 
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Table I: AMPLITUDE OF RESPONSE 


Degenerate grafts Fresh grafts 


(nV) (uY) 
Mean 2300 1309 
Range 300-10 000 0-4800 
P>0û0i. 


Table H: DELAY OF RESPONSE 


Degenerate grafts Fresh grafis 


(msec) (msec) 
Mean 6-64 0:25 
Range 0-11-0-95 0-0-7] 
0-05 > P>0-01. 


in the other group both nerves were sectioned. Two weeks 
later, using an operating microscope, the deficit in the right 
sciatic nerve was bridged by interfascicular nerve grafting using 
the left sciatic nerve as the donor. In one group of 8 rats, 
therefore, a fresh graft was used and in the other group, by 
taking the graft from the distal end of the previously divided 
left sciatic nerve, 2-week “degenerate grafts were used. Four 
weeks later the right sciatic nerves were removed and again 
transverse sections were studied by histology and electron 
microscopy. 

Immediately before removal the function of these nerves 
was investigated electrophysiologically. Each sciatic nerve was 
exposed and the portion just proximal to the graft was sus- 
pended in air on a pair of silver electrodes (0-8-mm diameter 
wires separated by 2 mm) which were hand-held. The stimu- 
lating pulses had a duration of 0-05 msec and the amplitude 
did not exceed 3 V. The recording electrodes were small 
coaxial needle electrodes, one placed in the calf muscle and the 
other in the anterior tibial muscle, and their position was 
adjusted during nerve stimulation to give the largest response. 
Care was taken to prevent spread of stimulus to adjacent 
thigh muscles. The potentials recorded from the calf and 
anterior tibial muscles were conventionally amplified and 
displayed on double-beam cathode ray oscilloscopes, one of 
which was photographed on 70-mm photographic recording 
paper. The sweep speed was 5 mm/msec and 16 sweeps were 
superimposed on each photographic. record, which was 
repeated several times to ensure maximum responses. The 
records were then measured for latency of responses and 
maximum amplitudes. 


Results: part 2 

The structure of both the graft and the nerve distal 
to the graft was seen to be of better quality in both 
histological and electron microscopic preparations. 
Fig. 3 shows an example of the ultrastructural 
difference between a fresh graft and a degenerate 
graft as evidenced in the nerve just distal to the graft. 
Following degenerate grafting normal young axons 
with their surrounding myelin sheaths can be seen in 
an old Schwann cell. By contrast, the freshly grafted 
nerve shows advanced degeneration with myelin 
breakdown products filling the endoneurial tube. 
A broad spectrum of structural changes was seen 
making quantification imprecise and only a visual 
trend in favour of degenerate grafting can be claimed 
based on nerve structure. 

Electrophysiological studies, however, indicate 
function and these can be quantified. Table I shows 
the amplitude of response in the degenerate graft and 
fresh graft groups. Although the mean amplitude 
appears greater in the degenerate graft group, this 
difference was not statistically significant (P>0-1, 
Friedman signed rank test). Table H shows the 
reciprocal of the delay between stimulus and response. 
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Fig. 2. Composite electron microscopic cross-sectional appearance. Upper circle, normal 
axon with surrounding myelin sheath. (x 47 000.) Lower left circle, 2-week degenerate 
appearance showing endoneurial tube emptying. (x 11 000.) Lower right circle, 8-week 
degenerate appearance showing advanced myelin breakdown. ( x 47 000.) 





Fig. 3. Composite electron microscopic cross-sectional appearance. Upper circle, normal 
axon with surrounding myelin sheath. (x 58 200.) Lower right circle, appearance distal to 


fresh graft showing advanced degeneration. ( x 58 200.) Lower left circle, appearance distal 
to degenerate graft showing young axons. ( = 58 200.) 


The reciprocal was used to take into account an infinite 
value for delay observed in one of the freshly grafted 
nerves which did not respond to stimulation. The 
mean reciprocal of the delay of response is significantly 
greater in the degenerate graft group (0:05 > P>0-01, 
Friedman signed rank test), indicating a shorter time 
between stimulus and response in this group. 


Conclusion 

The development of microsurgical techniques has 
lead to a great improvement in the results of peri- 
pheral nerve surgery. Restoration of interfascicular 
continuity is now the treatment of choice. In order to 
obviate the development of a fibrous tissue response 
at the site of repair, as a consequence of tension, 
establishment of continuity by grafting is recom- 
mended. Clinical and scientific evidence favours the 
concept of delayed repair. Furthermore, nerve 
injuries are frequently not dealt with microsurgically 
until other structures have been repaired and the 
wound is well healed. 

When fresh interfascicular nerve grafts are used to 
restore continuity at this stage they may be expected 
to block the passage of proximal regenerating axons 
until the graft has been revascularized and its endo- 
neurial tubes emptied. A graft already allowed to 
undergo some degeneration before transfer might 
therefore be expected to provide a better structural 
and functional result. 

This hypothesis has been tested experimentally and 
a better quality nerve structure observed in those 
animals which received degenerate nerve grafts. 
However, structure tells little of function and in this 
respect the electrophysiological studies are most 
important. That there was no significant difference 
between the degenerate and fresh graft groups in 
terms of amplitude suggests that there is no difference 
in the number of fibres eventually reaching the 
muscle innervated. Of more importance is the delay 
between stimulus and response which reflects the 
number of fast fibres reinnervating the muscle (those 
that are responsible for muscle contraction) and may 
also reflect nerve fibre organization through the graft. 
In this respect the delay being significantly shorter in 
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the degenerate graft group indicates better quality 
function. | 

These results in the experimental animal indicate 
that nerve grafts allowed to undergo endoneurial 
tube emptying before transfer provide a better quality, 
Structural and functional result than fresh grafts. If 
delayed (degenerate) interfascicular nerve grafting is 
contemplated for the human peripheral nerve injury 
then the donor nerve can be divided under local 
anaesthesia at a suitable time before transfer to allow 
endoneurial tube emptying in situ. 
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A non-invasive test of gastric function 
T. V. TAYLOR, D. BONE AND BRUCE TORRANCE* 


SUMMARY 

Using °°Tc™ a non-invasive test of gastric function has 
been developed which completely obviates the need for 
a nasogastric tube and which adds to the accuracy of 
existing tests by overcoming losses due to incomplete 
aspiration or gastric emptying. ®Tc” is handled by 
the stomach like Cl-, the gastric secretion of which 
is equal to that of H+. The value of the pentagastrin 
stimulation test in the presence of varied gastric patho- 
logy is discussed in relation to 50 patients. Other 
possible diagnostic uses of the test are evaluated and 
a method of carrying out an insulin test by a modifica- 
tion of the technique is described. 


For almost a century gastric function tests have been 
used in the diagnosis and management of peptic 
ulceration and other gastric pathology. The most 
commonly used contemporary test is the pentagastrin 
stimulation test which gives a measure of maximal 
acid output and diagnostically provides a most useful 
parameter of gastric function. All tests of gastric 
function require gastric intubation, which is uncom- 
fortable, often inaccurate as a result of incomplete 
aspiration due to gastric emptying or pooling of 
secretions, and occasionally results in cardiac dys- 
rhythmias. 

The aim of this study was to develop a non-invasive 
test of gastric secretory function which would com- 
pletely obviate the need for a nasogastric tube and 
which would add to the accuracy of established tests 
of acid secretion by overcoming losses due to incom- 
plete aspiration and gastric emptying. It was Lord 
Moynihan who, with Mayo Robson in their book 
Diseases of the Stomach and their Surgical Treatment 
(1901), emphasized the importance of examination 
of the vomit for free hydrochloric and lactic acid. 
These authors went on to state that consistent absence 
of the former and presence of the latter favour a diag- 
nosis of carcinoma of the stomach. This type of exami- 
nation was doubtless the first non-invasive test of 
gastric function. Azure dye tubeless tests such as the 
‘Diagnex Blue’ test are not quantitative; they are 
unreliable and are not recommended for clinical use. 


Pentagastrin tests 


Materials and methods 

The radioisotope **Tc™-pertechnetate is accumulated in the gas- 
tric secretions. It has the advantages of being a gamma-emitting 
isotope with a short half-life of only 6h and an absence of 
beta radiation, making it one of the safest and most commonly 
used isotope markers in clinical practice (Andros et al., 1965). 
*9Tc™M jis a negatively charged ion which is handled by the 
stomach in a very similar manner to chloride; the gastric 
secretion. of chloride ions has been shown to be directly 
proportional and equal to that of hydrogen ions. The clearance 
of Tc™ aeross the gastric mucosa has previously been mea- 
` sured inthe human stomach using an invasive technique along 
with the simultaneous measurement of acid secretion; the 
linear correlation coefficient between these two parameters is 
high (0-86) (Bickel et al., 1972; Taylor et al., 1975). In view 
of this close correlation with acid secretion the accumulation 
of *Tc™ in the stomach was accurately monitored using 
external counting equipment. A normal gastric scan taken 
30 min after the intravenous injection of 1 mCi of **Tc™ is 
shown in Fig. 1. 






Fig. 1. A normal gastric scan following intravenous **Tc™. 


After an overnight fast patients were given pentagastrin 
6 ug/kg and 15 min later they were placed supine under a 
gamma camera. A dose of 1 mCi of **Tc™ had first of all been 
counted by the gamma camera and this was then given to the 
patient by intravenous injection. A collimator was used on the 
gamma camera which was capable of including in its field of 
view most of the abdomen above the pelvis. A computer was 
programmed to take frames at I-min intervals for 10 min and 
thereafter at 5-min intervals for the remaining 20 min of the 
study. The subject was required to rest supine in one position 
during this period and no discomfort was experienced. The 
dynamic images produced at 2, 10, 15 and 30 min were photo- 
graphed. 

On completion of the test, using a ‘light pen’, the area of 
the stomach was outlined and the accumulation of intra- 
gastric activity was counted and obtained from a computer 
print out. From an area of exactly equal collimator size in 
the right iliac fossa background activity was determined at 
corresponding intervals of time. The resultant accumulation 
of intragastric activity was determined after subtraction of 
background and this was expressed as a percentage of the 
injected dose. 





* Manchester Royal Infirmary. 
Correspondence to: T. V. Taylor, Department of Clinical 
Surgery, Royal Infirmary, Edinburgh. 
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Fig. 2. The dynamic images formed at 2, 10, 15 and 30 min in a normal subject together 


with the quantitative accumulation of activity in the stomach. 
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Fig. 3. A patient scanned after total gastrectomy. No image is formed in the left hypochondrium 


and the resultant activity is zero. 


Results 

The dynamic images obtained in a normal subject at 
2, 10, 15 and 30 min after injection of the isotope 
are shown in Fig. 2. At 2 min the stomach could not 
be visualized but at 30 min a very clear gastric image 
was obtained. The liver, spleen, duodenum and small 
bowel were not visualized at 30 min but on the 2-min 


film the liver could be seen and the lower part of the 
cardiac shadow was always seen. The quantitative 
accumulation of radioactivity in this patient is seen 
in the accompanying graph (Fig. 2). The quantity of 
activity expressed as a percentage of the total injected 
dose is expressed against time. The upper curve 
represents the accumulation of activity over the area 
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Fig. 4. A patient with pernicious anaemia, showing poor uptake of the tracer. 
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Fig. 5. Carcinoma of the fundus of the stomach with low intragastric activity. 


of the stomach and the lower curve represents back- 
ground activity which steadily falls as more isotope 
accumulates inside the stomach. On the first frame 
(1 min) the curves coincide, indicating that the acti- 
vity in the left hypochondrium at this time is equal 
to the background activity. The continuous inter- 
mediate line represents the resultant intragastric 
activity, 5:8 per cent of the injected dose being inside 
the stomach at 30 min. 


In marked contrast to the normal subject, Fig. 3, 
produced in exactly similar format, shows the corre- 
sponding scans obtained in a patient who had under- 
gone total gastrectomy. Clearly no image was formed 
in the left hypochondrium and the background activity 
in the right iliac fossa remained constant and equal 
to that in the left hypochondrium, indicating that 
there was no appreciable fall off of background acti- 
vity after total gastrectomy and that the stomach was 
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Fig. 6. Distribution of activity in the major diagnostic 
groupings. 
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Fig. 7. The effect of vagotomy on intragastric activity at 
30 min. 
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Fig. 8. The effect of vagotomy and antrectomy 
on the scan of one patient. a, Preoperative scan; 
b, postoperative scan. 


the only organ which actively accumulated the isotope 
within the field of study. The resultant ‘intragastric 
activity’ here was zero. 

In pernicious anaemia only a poor gastric outline is 
present, a faint scan is seen at 30 min (Fig. 4). On the 
2-min film a clear image of the heart, liver and spleen 
was obtained, this being an index of isotope in the 
bloodstream during the first few circulations. The 
intragastric activity was very low here and the 
resultant activity at 30 min was only 1 per cent as 
compared with 5-8 per cent in a normal subject. 

Similarly, in cases of carcinoma of the stomach 
acid secretion is usually low. Fig. 5 illustrates the 
scans obtained in a patient with carcinoma of the 
fundus of the stomach. There was a filling defect 
corresponding to the fundus of the stomach and only 
the lower part of the stomach was outlined, well below 
the cardiac shadow. The intragastric activity was 
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MINUTES 


Fig. 9. A patient with coeliac disease. The duodenal loop 
and small bowel are outlined. 


again low, being only 1-8 per cent of the total dose at 
30 min. 

Duodenal ulcer subjects tended to accumulate acti- 
vity more rapidly in response to the pentagastrin and 
Fig. 6 shows the percentage intragastric activity at 30 
min in the major diagnostic groups. The mean activity 
in the duodenal ulcer group was 7:4 per cent (+ 2°5s.d.), 
in normal subjects the mean was 5:6 (+ 1-3 s.d.), 
P<0-05. Though there was considerable overlap 
between the two groups, the mean percentage activity 
was 44-2 per cent higher in the duodenal ulcer patients. 
Lord Moynihan in 1910 observed an overlap in the 
meal response between normal and duodenal ulcer 
subjects, casting some question upon the hitherto 
held theory of hyperchlorhydria as a sole aetiological 
factor in duodenal ulceration. The gastric ulcer and 
carcinoma patients collectively had a mean activity 
of only 31-6 per cent of that of the duodenal ulcer 
group (P<0-0025). 
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Fig. 10. A hiatus hernia patient (b) is compared with an 

uncomplicated duodenal ulcer subject (a). 
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Fig. 11. An insulin test carried out in a normal patient 
with an intact vagus nerve. The rise in intragastric 
activity following insulin is apparent.After vagotomy 
rise occurs, as shown by a dotted line. 


The effect of vagotomy and antrectomy on the 
scans of one patient can be seen in Fig, 8. Postopera- 
tively there has been a marked reduction in the overall 
gastric uptake of the tracer. Twelve duodenal ulcer 
patients had tests performed before and 1 week after 
vagotomy and pyloroplasty and postoperatively there 
was a reduction in the intragastric accumulation of 
isotope at 30 min in each patient, the mean reduction 
being 48-4 per cent (Fig. 7). 

*Tc™ is, under normal circumstances, rapidly ab- 
sorbed across duodenal and small bowel mucosa. 
Gastric emptying leads to rapid absorption and re- 
circulation of **Tc™ into the stomach. In over 50 
cases studied with apparently normal small bowel 
mucosa, little of the duodenum and small bowel has 
been visualized; occasionally the first and second 
parts of the duodenum are visualized but hardly ever 
the proximal jejunum. If small bowel ionic absorption 
is impaired, however, as in coeliac disease, then one 
would expect to see more small bowel filling, as 
shown in Fig. 9. This patient had coeliac disease and 
the duodenal loop and most of the small bowel were 
visualized at 30 min. We have studied 6 patients with 
coeliac disease treated on a gluten-free diet and in 2 
of these no small bowel filling was observed. Further 
studies are required of this group of patients. In 
severe post-vagotomy diarrhoea it is our impression 
that small bowel filling is usually present. 

Hiatus hernia and reflux oesophagitis may also be 
diagnosed by overlapping of the gastric and cardiac 
shadows, as shown in Fig. 10 which compares the 
scans obtained in a patient with a large hiatus hernia 
with those from a patient with a chronic duodenal 
ulcer. Using the test, it is also possible to detect 
ectopic gastric mucosa in a Meckel’s diverticulum 
and the lower oesophagus. 


Insulin tests 


Materials and methods 

In addition to the pentagastrin test it is also possible to per- 
form an insulin test by a modification of this technique. At 
the outset of the test, after an overnight fast, | mCi of °Tc™ 
is given intravenously and the patient is scanned for 2h. 
Normally intragastric accumulation of the isotope goes on 
for about 45 min, at which time a peak is reached. At lh, 
when the isotope has stabilized in the stomach, an intravenous 
injection of insulin 0-2 mg/kg is given and 5-min frames are 
continued for 2 h. Eight patients have so far been studied in 
this way. 


Results 

If the insulin has no effect on acid secretion, as after 
total vagotomy, then the gastric accumulation curve 
will remain steady or fall slightly in the second hour. 
If, alternatively, an insulin response is obtained, then 
a further rise in intragastric activity will occur, as 
shown in Fig. 11; the graph here demonstrates an 
insulin response occurring in the first hour after 
insulin in a patient with an intact vagus nerve. We 
have not yet obtained sufficient data to lay down 
strict criteria for the acceptance of an insulin-positive 
response as did Hollander (1948), but early results 
look promising, though the problem of gastric 
emptying in some patients still needs to be overcome. 


Discussion 

The ability of the stomach to accumulate ®Tc™ was 
demonstrated by Herbert et al. (1965). The intra- 
gastric activity was assessed by Harden et al. (1967) 
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using a ‘Picker’ single head scanner and employing a 
‘dot-counting’ technique. Poor gastric visualization 
with a low ‘dot count in apna with pernicious 
anaemia was shown by Irvine et al. (1967). Using an 
invasive technique with nasogastric aspiration, a 
close correlation has been shown between acid secre- 
tion and °Tc™ secretion and clearance (r = 0:86) 
(Bickel et al., 1972; Taylor et al., 1975). With the 
advent of the gamma camera an opportunity occurred 
for accurate non-invasive monitoring of *Tc™ accumu- 
lation in the stomach. 

Tea is handled by the stomach like chloride ions 
and the gastric secretion of chloride is proportional 
and exactly equal to that of hydrogen ions. When 
acid is allowed to accumulate in the stomach back 
diffusion occurs and similarly *°Tc™ placed on the 
gastric mucosa in large quantities can be detected in 
the bloodstream, presumably by a similar process 
(Newman et al., 1975). In view of this, when assessing 
the secretory capacity of the stomach it was found 
more satisfactory to give the °°Tc™ when the stomach 
was already stimulated. Kronborg (1974) has stressed 
the value of assessing maximal acid output as a para- 
meter of gastric function and the peak acid output 
occurs at 15-45 min after pentagastrin; consequently 
pentagastrin 6 ug/kg was given intramuscularly 15 
min before the *°Tc™. There was a close correlation 
in all subjects between the intragastric activity re- 
corded at 15 and 30 min after the start of the study 
(r = 0:93). With regard to the correlation with 
maximal acid output we feel that an intragastric 
activity at 30 min of 10 per cent of the injected dose 
is approximately equivalent to a maximal acid output 
of 50 mmol/h. In duodenal ulcer subjects the mean 
intragastric activity was 7-4+2-5s.d. per cent. This 
figure corresponds approximately to a maximal acid 
output of 37 mmol/h. 

The small bowel filling in patients with coeliac 
disease requires further study. It is possible that the 
isotope leaked directly into the small bowel across 
the mucosa rather than having been emptied from 
the stomach. We have had one false-negative scan 
in a patient with dermatitis herpetiformis and coeliac 
disease and clearly we would not wish to suggest any 
definitive interpretation of these preliminary findings 
at this stage. 

Although sophisticated equipment has been used 
in this study it is not mandatory and similar results 
could theoretically be obtained by placing a simple 
gamma radiation detector, such as a ‘Pitman counter’, 
over the stomach. 

In conclusion, we feel that this non-invasive test 
provides a convenient method of assessing a para- 
meter of gastric function proportional to acid output. 
The method obviates the need for a nasogastric tube 
and produces virtually no discomfort. Losses due to 
gastric emptying can be counted and are on the whole 
overcome by rapid absorption from the duodenum 
leading to recirculation. The quantity of irradiation 
used is small and could be reduced further; in this 
study it is less than the radiation used in a straight 
abdominal X-ray and is 10 per cent of the dose of 
"Tem used in brain scanning. 
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Surgery, venous thrombosis and anti-Xa 
J. D. STAMATAKIS, D. LAWRENCE AND V. V. KAKKAR®* 


SUMMARY 

Deep venous thrombosis is a common and unpredictable 
complication of surgery. In this study it is proposed 
that patients who develop this complication may be 
predicted by a low preoperative level of a naturally 
occurring inhibitor of coagulation, anti-Xa. 

Two groups of patients were investigated. Women 
taking the oral contraceptive pill had lower preoperative 
anti-Xa levels than their non-pill controls (P < 0-01) and 
in addition had a significantly higher incidence of deep 
venous thrombosis (DVT) following emergency surgery 
(P<0-05). In 90 patients undergoing total hip replace- 
ment, the mean preoperative anti-Xa level of those 
patients who developed DVT was significantly lower 
than those who did not (P<0-001). Ninety-four per 
cent of patients with a preoperative anti-Xa level of 
less than 80 per cent developed DVT. The effect of low 
dose heparin on anti-Xa was studied. 

The results suggest a mechanism for the cause of 
postoperative thrombosis which also permits selection 
of individual patients who will develop this complication. 


SINCE the time of Virchow, much importance has been 
attached to the concept of hypercoagulability and its 
relationship with postoperative venous thrombo- 
embolism. Several authors have reported detailed 
preoperative studies of the level of clotting factors, 
tests of platelet function and of plasma fibrinolytic 
activity in an attempt to predict those patients who 
will develop postoperative deep venous thrombosis 
(Flute et al., 1972; Gallus et al., 1973; Korvald et al., 
1974). However, no causal relationship has yet been 
demonstrated and the definition of a hypercoagulable 


„= State remains elusive. The introduction of a test to 


termine hypercoagulability would not only imply 
< can understanding of the fundamental mechanisms 
`- involved in postoperative thrombosis, but would also 
permit some rationalization of the use of prophylaxis 
against this common complication of surgery. 

There has been much interest (Leading Article, 
1976) in the physiological role of inhibitors of 
coagulation following their recent isolation and puri- 
fication from plasma (Abildgaard, 1967; Yin et al., 
1971a). The most important of these is an «2-globulin 
which inhibits both Factor Xa and thrombin and is 
variously known as anti-Xa, antithrombin III or 
heparin cofactor (Yin et al., 1971b). By its inhibitory 
action this plasma protein plays a significant role in 
preventing intravascular thrombosis (Wessler, 1975). 
It has been suggested that reduced levels of anti-Xa 
may represent a hypercoagulable state in which the 
individual is inadequately protected from thrombo- 
genic stimuli (Wessler, 1975). 

In this preliminary study two groups of patients 
were investigated; they were selected because of their 
known high risk for venous thrombo-embolism. 
They were premenopausal women taking the con- 
traceptive pill and patients undergoing total hip 
replacement. The study was designed to answer three 
questions: what is the effect of surgery on anti-Xa 
measured both as activity and as concentration? 
How does heparin modify the behaviour of anti-Xa? 


What is the relationship between preoperative 
measurement of anti-Xa and postoperative venous 
thrombosis ? 


Patients and methods 

A total of 208 patients was admitted to the study. Of these 118 
were women aged between 16 and 40 years who were admitted 
to hospital for either molar tooth extraction or appendicectomy, 
They were allocated to a ‘pill’ group if they had taken an oral 
contraceptive preparation for a minimum of one cycle prior 
to surgery or to a ‘control’ group if they had taken no oral 
contraceptive for at least 6 months prior to surgery. All of the 
oral contraceptive preparations taken by the patients con- 
tained 30-50 ug of oestrogen. These two operations were 
selected because the pill is usually taken up to the time of 
surgery. The remaining 90 patients, all over 40 years of age, 
underwent total hip replacement arthroplasty. Informed written 
consent was given by each patient before entering one of four 
study groups. 


Group | 

This part of the study was to determine the behaviour of 
anti-Xa during operation. Of 68 women admitted for molar 
tooth extraction under general anaesthetic, 33 were in the pill 
group and 35 in the control group. Blood samples were obtained 
before, during and after operation for measurement of anti-Xa 
activity. 


Group 2 

The aim of this part of the study was to compare the effect of 
operation on plasma anti-Xa activity and on plasma anti-Xa 
concentration and to determine the effect of low dose heparin 
on these parameters, Twenty-eight consecutive patients under- 
going total hip replacement were studied. Blood samples were 
obtained 24h before, immediately before, during and imme- 
diately after operation, as well as on the first and fifth post- 
operative days. Each patient received 5000i.u. of calcium 
heparin by subcutaneous injection 2h before operation and 
then 8-hourly for a minimum of 14 days. 


Group 3 

The value of preoperative anti-Xa measurement for predicting 
postoperative DVT was studied in 50 women admitted for 
emergency abdominal surgery, all with a preoperative diagnosis 
of acute appendicitis. There were 31 women in the pill group 
and 19 in the control group. Blood samples were obtained 
before surgery and postoperative DVT was assessed by the 
5] -fibrinogen test. 


Group 4 

The purpose of this part of the study was to seek a causal 
relationship between preoperative anti-X activity and post- 
operative DVT in 90 patients undergoing total hip replacement. 
Blood samples were obtained before surgery and DVT 
assessed by the '**]-fibrinogen test and ascending venography. 


Deep venous thrombosis 

Postoperative DVT was assessed by the 'I-fibrinogen test 
using the method and criteria of Kakkar (1972). In addition, 
ascending venography was carried out in the ipsilateral leg of 
each patient who underwent total hip replacement. This was 
performed between days 12 and 16 postoperatively, unless 
raised counts were detected earlier by the fibrinogen uptake 
test, in which case venography was performed at that time. 
Venography was only performed in the contralateral limb if an 
isotopic thrombus had been detected. The technique of 
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Fig. 1. Haematological data of 28 patients undergoing total 
hip replacement who received 5000 i.u. heparin 2 h before 
operation and then 8-hourly. Blood samples were analysed 
pre-, per- and postoperatively and on postoperative days | 
and 5. Anti-Xa activity, pre-, per- and postoperatively, is 
greater than control (P<.0-001), and on day 1 is still greater 
(P-<<0-005). Anti-Xa concentration per- and postoperatively 
and on day 1 is less than control (P<0-001) and on day 5 is 
still less than the control value (P<0-005). 


Table I: MEAN--S.E. MEAN ANTI-XA ACTIVITY IN 
PATIENTS UNDERGOING TOOTH EXTRACTION 


Group Preoperative Peroperative Postoperative 
Control (a = 35) 91-623-2 86-4 4-3-5 84-9 -3-7 
Pill (a = 33) 80-64-29 68-7 4-3-4 72-24-34 


ascending venography has been described elsewhere (Kakkar, 
1972). 


Anti-Xa 
Activity of anti-Xa was measured by the technique of Yin and 
Wessler (1970), performed as follows. The entire assay was 
carried out in a water bath at 37 °C. Test plasma (0-5 mi) was 
incubated with 0-4 mi of ‘tris’-maleate buffer for 2 min; 0-1 ml 
of Factor Xa solution (Sigma) was then added and a stopwatch 
started. At 90 s 0-1 mi of this reaction mixture was transferred 
to a clean test tube and at 100s 0-1 ml of CaCl, (0-024 mol/I) 
was added, followed at exactly 120s by 0-2 mi plasma-CEF 
reagent (Sigma) and the clotting time was determined. Standard 
curves were prepared using dilutions of pooled plasma. 
Concentration of anti-Xa was determined by radial immuno- 
diffusion using the assay technique described by Mancini et al. 
(1965). Test plasma (0:7 ul) was pipetted into a well in an 
agarose gel containing rabbit anti-human anti-Xa antibody 
(Nygaard). After incubation at 37°C for 24h the gel was 
washed and the area of immunoprecipitation stained with 
Coomassie brilliant blue. Standard curves were prepared using 
dilutions of pooled plasma. 


Biood samples 

Nine parts venous blood were drawn by clean venepuncture 
into | part of 0-13 mol/l sodium citrate. Samples were centri- 
fuged at 2500 g for 20 min at 4 "C and the platelet-poor plasma 
stored at —20 °C. 


Statistical methods 
Student's z test was used for comparison of continuous 
variables, anti-Xa activity and concentration; two-sided tests 


were used throughout. Fisher’s exact test was used for 2x2 
tables. Mean values given in the text are followed by -+1 s.e. 
mean unless otherwise stated. 


Results 


Group | 

Preoperative anti-Xa activity was significantly lower 
in the pill group than in their controls (P<0-05; 
Table 1). In addition, there was a significant fall in 
anti-Xa activity at mid-operation in the pill group 
(P <0-05) which did not occur in the non-pill controls, 


Group 2 

The results of plasma anti-Xa activity and anti-Xa 
concentration measured in the same plasma sample 
are shown in Fig. 1. Heparin, 5000 units given 
subcutaneously, resulted in an increase in the plasma 
anti-Xa activity from 100°4+3-2 per cent to 136-1 + 
6-6 per cent (P<0-001) but had no effect on anti-Xa 
concentration. The stimulus of surgery brought about 
a rapid and significant fall in anti-Xa concentration 
from 1044+44 per cent to 88-8+3-1 per cent 
(P<0-001), and this was maintained to the fifth post- 
operative day. By contrast, the activity of anti-Xa as an 
inhibitor of Factor Xa was significantly increased during 
this period. Thus the fall in plasma concentration of 
anti-Xa precipitated by operation was offset by the 
potentiating effect of heparin on the residual anti-Xa. 


Group 3 

The mean anti-Xa activity of women in this group, 
who were taking oral contraceptive preparations prior 
to emergency abdominal surgery, was 62:8 + 6-4 per 
cent, which was significantly lower than in the control 
group—91-0 + 5-3 per cent (P< 0-01). 

Of 31 patients who were taking oral contraceptives 
prior to operation, 6 developed postoperative DVT 
as shown by the !*I-fibrinogen test. By contrast, no 
control patient developed a thrombus (P < 0-05). 


Group 4 

Ninety patients underwent total hip replacement and 
40 (44 per cent) developed venographically proved 
postoperative DVT. The mean preoperative anti-Xa 
activity of this group was 84+21-1 per cent (mean 
+1s.d.), In contrast, of 50 patients who did not 
develop postoperative DVT the mean preoperative 
anti-Xa activity was 104 + 12-1 per cent (mean + 1 s.d.) 
(P<0-001). The 95 per cent confidence limits for the 
non-DVT group were 80-128 per cent. In the study 
as a whole, 16 patients had preoperative anti-Xa of 
less than 80 per cent and 15 of these developed 
postoperative deep venous thrombosis. 


Discussion 

Hypercoagulability has been defined as ‘an altered 
state of circulating blood that requires a smaller 
amount of clot initiating substance to induce intra- 
vascular coagulation than is required to produce 
comparable thrombosis in a normal subject’ (Wessler, 
1975). The results of this study—of patients under- 
going total hip replacement and of premenopausal 
women admitted for emergency surgery—-show that 
patients who subsequently developed deep vein 
thrombosis had significantly lower preoperative 
levels of anti-Xa than patients who did not thrombose. 
In particular, following major hip surgery 15 out of 
16 patients (94 per cent) in whom preoperative anti-Xa 
was less than 80 per cent developed postoperative 







thrombosis. These findings support the concept that a 
reduced level of anti-Xa represents a hypercoagulable 
state, identifiable by laboratory test. They also suggest 
that the increased risk of thrombosis in women taking 
oral contraceptives is due to the fall in the activity of 
anti-Xa brought about by these preparations. 

The finding that a low level of anti-Xa predisposes to 
venous thrombosis differs from that of a number of 
previous studies, each of which has failed to demon- 
strate a relationship between preoperative anti-Xa and 
postoperative thrombo-embolism. However, these 
studies determined anti-Xa either by immunoassay 
(Donati et al., 1973; Gallus et al., 1973), which 
measures protein concentration rather than functional 
activity, or by a clotting assay designed to measure 
the specific antithrombin activity of anti-Xa (Korvald 
et al., 1974; Bergstrom and Lahnborg, 1975; Clayton 
et al., 1976) rather than its anti-Factor Xa effect. The 
observation that both antithrombin and anti-Factor 
Xa activities were the properties of a single plasma 
protein was first made by Seegers (Seegers and 
Marciniak, 1962). This finding was later confirmed 
by Yin et al, 19710, who also showed that on a 
weight-for-weight basis the anti-Factor Xa activity of 
anti-Xa is thirty times greater than its antithrombin 
activity. In addition, because the coagulation cascade 
functions as a biological amplification system, small 
amounts of Factor Xa generate large quantities of 
thrombin. Thus, by neutralizing factor Xa, anti-Xa 
prevents the potential generation of far greater 
amounts of thrombin than could be inhibited by a 
direct action on thrombin itself, 

For these reasons, anti-Xa activity was measured in 
this study as a function of its ability to neutralize 
Factor Xa rather than thrombin. The difference in 
results between the present study and those which 

have previously attempted to relate anti-Xa to 
_..thrombo-embolism can be attributed to the use of 
pecific assay systems designed to measure different 
properties of the same protein. The clinical data 
resented in this paper concur with the laboratory 
C findings of other workers (Yin et al., 1971c) and 
_ Suggest that the anti-Factor Xa property of anti-Xa 
is the prime physiological function of this naturally 
occurring plasma inhibitor of coagulation. 

in addition, the results of this study show that 
surgery produces a fall both in the activity and the 
concentration of anti-Xa, and that following major 
operation this fall persists for several days. The effect 
of low doses of heparin, investigated in group 2, was 
to produce a significant increase in anti-Factor Xa 
activity while exerting no effect on the plasma 
anti-Xa protein concentration. The importance of 
this property of heparin is that the fall in anti-Xa 
concentration brought about by operation is effec- 
tively negated because of the specific action of heparin 
in potentiating the biological activity of the residual 
anti-Xa (Fig. 1). In a previous study, Bergstrom and 
Lahnborg (1975) found that the subcutaneous 
injection of 5000 i.u. of heparin was without effect 
on the specific antithrombin activity of anti-Xa, yet 
protected patients against postoperative DVT. They 
concluded that the beneficial action of low dose 
heparin must be exerted at an earlier stage in the 
coagulation system. This conclusion is in agreement 
with our findings, which indicate that the prime 
physiological action of anti-Xa is against activated 
Factor X. Furthermore, these findings suggest that 
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low dose heparin prevents deep venous thrombosis 
by its ability to enhance significantly the specific 
anti-Factor Xa activity of anti-Xa. 

Intravascular coagulation is a complex pheno- 
menon. Many factors contribute to thrombus forma- 
tion and it is unrealistic to suggest that measurement 
of one parameter of the haemostatic balance might 
predict every patient who would develop this com- 
plication. However, the results of this study do permit 
the conclusion that preoperative measurement of the 
rate of inhibition of Factor Xa by anti-Xa will accu- 
rately define a group of patients at high risk of 
developing postoperative thrombo-embolism. The evi- 
dence suggests that low levels of anti-Xa represent a 
hypercoagulable state, identifiable by laboratory test, 
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Postoperative pulmonary perfusion defects: their 
natural history, origin and significance 


M. T. N. KNIGHT AND C. METREWELLI* 


SUMMARY 

Unmatched perfusion defects occur during the early 
postoperative period. These defects can persist until 
the tenth postoperative day and their presence is not 
related to the transfusion of blood or to peripheral 
thrombosis detected by the **I-labelled fibrinogen 
uptake test. It is suggested that prophylactic agents 
against deep venous thrombosis should be evaluated by 
using a combination of krypton ventilation-perfusion 
lung scans and '*°]-labelled fibrinogen leg scans. 


PULMONARY embolism kills 1 patient in 140 following 
a general surgical operation (International Multicentre 
Trial, 1977) but necropsy studies suggest that non- 
fatal pulmonary embolism occurs more frequently 
(Gibbs, 1957; Coon and Coller, 1959). The recent 
advent of the “Kr °°Tc™ ventilation—perfusion lung 
scan (VPLS) now provides an elegant technique for 
detecting pulmonary embolism and elucidating its 
natural history in vivo. 

This technique produces paired images of pul- 
monary ventilation and perfusion and allows the 
analysis of each pulmonary function separately. A 
filling defect on the perfusion image may be produced 
by several causes, such as pulmonary infection, pleural 
effusion, pulmonary embolism or chronic obstructive 
airways disease, but with the exception of pulmonary 
embolism the perfusion defect is matched by a 
complementary defect on the ventilation image. A 


- pulmonary embolism can be distinguished from vasc- 


ular changes caused by other lung pathologies 
because the defect on the perfusion image is not 
matched by a complementary defect on the venti- 
lation image, a combination that is termed an un- 
matched perfusion defect (UPD). 

The ventilation—perfusion lung scan is a relatively 
new technique and the only published prospective 
trials have utilized the "Xe VPLS. In two reports 
Browse et al. (1974, 1976) found that the preoperative 
incidence of unmatched perfusion defects was 9 per 
cent whilst the incidence on the seventh day following 
operation was 24 per cent. In both studies there was 
a close correlation between unmatched perfusion 
defects and thrombi detected by the ‘I-labeled 
fibrinogen leg scan. The present authors have used 
the VPLS to determine the natural history of the 
unmatched perfusion defect and in particular to deter- 
mine the preoperative incidence of ventilation perfu- 
sion defects and the time of their peak incidence 
following operation. We have chosen to use the 
“Krm Tem VPLS because of its advantages over 
alternative methods (Fazio and Jones, 1975). 

An unmatched perfusion defect is a pulmonary 
vascular obstruction with several possible causes, 
amongst which are an embolus arising from peripheral 
thrombosis or from fibrin platelet thrombi found in 
transfused blood. In order to examine the relationship 
between unmatched perfusion defects and peripheral 
thrombosis we have used the *°I-labelled fibrinogen 
uptake test following operation to detect deep venous 


thrombosis (DVT), and to examine the correlation 
between unmatched perfusion defects and fibrin plate- 
let thrombi we have recorded the details of blood 
administered to patients in this study. 

As the number of platelet leucocyte fibrin aggre- 
gates in blood increases with storage (Swank, 1961) 
and the transfusion of large volumes of stored blood 
following a state of shock has been associated with 
the development of perfusion defects and pulmonary 
insufficiency (McNamara et al., 1970; Moseley and 
Doty, 1970; Reul et al., 1973), we have recorded the 
volume and storage age of blood given to patients and 
the occurrence of hypotension during the hospital stay 
of each patient. 


Patients and methods 
Seventy-five patients over the age of 40 years admitted for 
elective biliary or gastric surgery or for herniorrhaphy were 
invited to enter the trial. Patients with malignancy, a previous 
history of DVT or pulmonary embolism, diabetes mellitus, 
hepatic or renal disease, cancer, collagen diseases, drug idio- 
syncrasy or iodine allergy were excluded, as were premeno- 
pausal women. Patients with varicose veins were not excluded. 
Informed written consent was recorded in a numbered trial 
register. Patients were then randomly allocated into a control 
group or one of two groups receiving prophylactic treatment, 
the nature of which is not the subject of this communication. 
The following data were recorded for each patient: height, 
age, weight, operation, length of preoperative admission, the 
volume and storage age of administered blood and the develop- 
ment of a hypotensive phase with a systolic blood pressure of 
100 mm Hg or less. During hospitalization any clinical features 
of chest pain, haemoptysis, sputum production and sputum 
culture and clinical signs of rales, dullness to percussion and 
pleural rub were also noted. 


Ventilation—perfusion lung scans 
Ventilation—perfusion lung scans were carried out preopera- 
tively and on days 3, 6 and 10 after operation following the 
method described by Fazio and Jones (1975). With the patient 
sitting upright, 1 mCi of **Tc™-labelled human serum macro- 
aggregated albumin (HSMA) was administered intravenously. 
The patient was then positioned in front of the gamma camera 
(Nuclear Enterprises) and 200 000 counts were obtained with 
the energy window of the camera set at the 140 keV photopeak 
of *Tc™. This image of lung perfusion was recorded on Pola- 
roid film. Without altering the patient’s position, #Kr™ was 
administered through a disposable (Mary Catterall) face mask 
with the patient breathing normally. **Kr™ was eluted by air 
passing over a cation exchange column containing 25-35 mCi 
of the parent isotope, “Rb. The channel analyser was set at 
the 190 keV photopeak of **Kr™ and, after 30 s of tidal respira- 
tion to allow the alveolar air to equilibrate with the inert gas, 
ventilation images of 200 000 counts were obtained. For the 
next view the patient was repositioned and the ventilation 
image recorded, after which the krypton inhalation was cut 
off and when the activity detected by the ratemeter had dis- 
appeared, the window was restored to 140 keV and the com- 
plementary perfusion scan was recorded. Anterior, posterior 
and both lateral views were taken. 

Unmatched pulmonary perfusion defects were diagnosed 
when a defect on the perfusion lung scan was associated with 
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Fybranta in diverticular disease 


60% of the patients were entirely symptom free after 
only one month onthe Fybranta regime. In addition, 
in all patients stool weight increased significantly; 
transit time was reduced by nearly a half and intra- 
colonic pressure was reducedto within normal limits. 


In a recent clinical trial published in the British 
Medical Journal* a comparison was made between 
three forms of treatment for patients with sympto- 
matic diverticular disease. The authors concluded 
from this study that Fybranta Tablets are more 
effective than a high-residue diet or a bulking agent. 


Fybranta did not merely improve the symptoms, the 
paper states that Fybranta also normalized the 
pathophysiological changes which diverticular 
disease brings about. 


Fybran 


Fybranta tablets are easily carried when the patient 
cannot eat at home. Chewed with a drink, they sup- 
ply a day's cereal fibre in a highly acceptable form. 
Each tablet contains: Bran 2g. 
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a normal ventilation image at a given site. The analysis was 
performed by an independent observer who was unaware of 
the operation performed, the administration of a blood trans- 
fusion or the allocation of the patient to a control or treatment 
group. 


Leg scans 
Potassium iodide (180 mg) was prescribed daily preopera- 
tively and postoperatively for 3 weeks. Within 1-2 hours of 
operation, 100 uCi of I-labeled fibrinogen was injected 
intravenously; 20 min later baseline counts were taken of the 
heart and 11 points marked out at 5-cm intervals equally above 
and below the joint line of the knee, together with duplicated 
background readings. The leg scans were performed by a 
technician using a J & P Engineering Scintillation Scaler/Timer 
which is not subject to observer bias. Counting at each point 
was carried out for 30 s and patients were scanned while fully 
recumbent, with the legs raised to 30° from the horizontal. 
The scan was repeated every 24h for 6 days postoperatively 
excluding the fourth postoperative day to avoid spillover from 
the *“Tc™ injected intravenously as the label to HSMA. The 
percentage uptake was calculated after the average background 
count was subtracted from all counts by a computer program. 
Patients in whom the uptake at adjacent or corresponding 
points on the leg increased by 15 per cent or more and then 
persisted for 24 hours were independently identified by the 
computer as having developed a DVT. In addition, graphs 
of the percentage uptake were drawn to highlight the time 
of onset of clot formation and the lysis of clots formed during 
the operation. These graphs were interpreted in the presence 
of an independent observer. 


Results 

Seventy-five patients entered the trial but 6 patients 
were withdrawn for the following reasons: 2 patients 
were discharged and failed to return for their final 
lung scan, | patient was discharged before completion 
of the leg scans, 2 patients were found to have carci- 
noma at operation and 1 patient was found to be 
Australia-antigen positive. 

Sixty-nine patients remained in the trial, all of 
whom have been included in the study of the pre- 
operative incidence of unmatched perfusion defects, 
but in the postoperative study a further 43 patients 
receiving prophylactic treatment have been excluded. 
Thus 26 patients form the basis for a study of the post- 
operative incidence and natural history of unmatched 
perfusion defects. Seven patients underwent biliary 
operations, 8 underwent gastric operations and 11 
underwent herniorrhaphy. 

Two patients out of the 69 (2-8 per cent) had un- 
matched perfusion defects before operation, whilst 
3 out of 26 (11-5 per cent) developed new unmatched 
perfusion defects by the third postoperative day (Fig. 1). 
The majority of these defects were short-lived and in 
only one case did the unmatched perfusion defect 
persist until the tenth postoperative day. The incidence 
had therefore fallen to 1 out of 26 (3-8 per cent) on 
the sixth and tenth postoperative days. 

Five patients out of 26 developed DVT—-an overall 
incidence of 19 per cent. This figure is lower than 
that recorded in our previous studies. Fig, 2 depicts 
the association between unmatched perfusion defects 
and DVT; in no case was an unmatched perfusion 
defect associated with a DVT. In view of the small 
numbers in this study we carried out Fisher's 2 x 2 
contingency test, which confirmed that there was no 
significant association between DVT and an un- 
matched perfusion defect. 

Fig. 3 depicts the association between blood trans- 
fusion and unmatched perfusion defects. In 2 cases 
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Fig. 1. The incidence of unmatched perfusion defects 
detected with the *Kr™ VPLS before operation and on 
days 3, 6 and 10 following operation. 
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Fig. 2. The association between unmatched perfusion 
defects (UPD) and deep venous thrombosis (DVT). 
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Fig. 3. The association between unmatched perfusion 
defects (UPD) and the administration of a blood 
transfusion {T} 
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Fig. 4. The incidence of apparent unmatched perfusion 
defects detected using a posterior “'Kr™ ventilation view 
and all perfusion views. 


a defect developed in association with a blood trans- 
fusion; these patients received 2 units of blood each 
and the blood had been stored for 9 and 11 days 
respectively. Another patient was given a blood trans- 
fusion of 6 units of blood which had been stored for 
either 5, 11 or 12 days and he did not develop an 
unmatched perfusion defect. An additional case de- 
veloped a defect and did not receive a blood trans- 
fusion. The Fisher 2x2 contingency test indicates 
that there was no significant association between un- 
matched perfusion defects and the administration of 
a blood transfusion. It should be noted that in no 
case receiving a transfusion or developing a defect 
was hypotension found to have occurred. 

The development of an unmatched perfusion defect 
was not related to the severity of the operation (as a 
defect was found with each type of operation in this 
study), to a protracted preoperative hospitalization 





Table 1: COMPARISON OF PATIENT AGE AND 
LENGTH OF PREOPERATIVE HOSPITALIZATION 
IN PATIENTS WITH AND WITHOUT AN 
UNMATCHED PERFUSION DEFECT (UPD) 


UPD UPD 
present absent 
Preoperative hospitalization (d) 23 sd. 135 42 5.d.3-°8 


573 s.d.107 569 sd.97 


Age (yr) 


or to the patient’s age (Table I). We were unable to 
attribute clinical features to the presence of segmental! 
unmatched perfusion defects. 

The ®'Kr™ technique provides anterior, posterior 
and both lateral ventilation images and the accuracy 
with which unmatched perfusion defects can be dis- 
tinguished from matched defects might be exrected 
to be greater than with the Xe technique which 
utilizes only one ventilation view. We have reviewed 
all our perfusion images and chest X-rays utilizing 
only posterior ventilation images, thus simulating the 
diagnostic criteria for unmatched perfusion defects 
using the "Xe VPLS described by Williams et al. 
(1974). A comparison of Figs. 1 and 4 shows that the 
incidence of unmatched perfusion defects had in- 
creased from 3 out of 26 (11:5 per cent) to 9 out of 
26 (34 per cent) on the third postoperative day, from 
1 out of 26 (3-8 per cent) to 4 out of 26 (15 per cent) 
on the sixth postoperative day and from 1 out of 26 
(3-8 per cent) to 5 out of 26 (19 per cent) on the tenth 
postoperative day. The general increase in the diagnosis 
of unmatched perfusion defects was due to the incorrect 
inclusion of defects found to be matched when the 
complete series of ventilation images was studied. 

Five patients out of 26 (19 per cent) had a positive 
leg scan and, although none of these had a coexistent 
unmatched perfusion defect detected using the *'Kr™ 
VPLS, 3 patients with a DVT were amongst the 9 
patients diagnosed as having a defect with the simu- 
lated }°Xe technique on the third postoperative day, 
a correlation of 33 per cent. On the sixth and tenth 
postoperative days the 3 patients with a DVT were 
amongst the 4 and 5 patients respectively diagnosed 
as having defects using the simulated technique, a 
correlation of 75 and 60 per cent respectively. 


Discussion 
In this study of the natural history of unmatched 
perfusion defects, the incidence of preoperative defects 
in all the patients entering the trial was 2 out of 69-— 
less than 3 per cent. The study of their postoperative 
natural history has been confined to the 26 patients 
who did not receive prophylactic treatment against 
DVT and 3 out of these 26 patients developed a new 
unmatched perfusion defect by the time of their 
examination on the third postoperative day. The 
majority of defects was short-lived and in only one 
case did this defect persist until the tenth postoperative 
day. No patient developed a new defect on the sixth 
or tenth day after operation and the incidence of 
unmatched perfusion defects was therefore 1 out of 26 
(38 per cent) on the sixth and tenth postoperative 
days. Our incidence of unmatched perfusion defects 
before and after operation is lower than we expected 
to find from the results of prospective studies utilizing 
the Xe technique (Browse et al., 1974, 1976). 
When we applied the criteria which had been used 
to interpret the Xe VPLS to our own perfusion 
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Fig. 5. Comparison of (a) the daily postoperative incidence of pulmonary embolism at necropsy (Coon and Coller, 1959) 
and {b} the incidence of unmatched perfusion defects on days 3, 6 and 10 following operation using the “Kr® VPLS. 


Table H: POSSIBLE AETIOLOGY OF UNMATCHED 
PERFUSION DEFECTS 
Pulmonary 
Arteriovenous shunting 
Primary lung thrombosis 
Peripheral thrombosis 
Intimal 
Intraluminal 
Fat embolism 
Iatrogenic 
Transfusion of stored blood 


lung scans the incidence increased and more closely 
approximated that found in the previous series. This 
suggests that the lower incidence in our present study 
is the result of the exclusion of false unmatched defects 
because of the greater diagnostic accuracy of the 
"Kr" VPLS. These technical advantages have been 
analysed and will be submitted in a separate com- 
munication at a later date. 

An unmatched perfusion defect represents a pul- 
monary vascular obstruction with several possible 
causes (Table I). We have ruled out primary lung 
thrombosis because this is a rare necropsy finding in 
which the vascular abnormality is associated with 
underlying parenchymal changes and would therefore 
result in a matched defect on the lung scan. Abnormal 
arteriovenous shunting occurs in areas of hypoxia 
following operation, but while shunting diverts the 
majority of blood from a bronchopulmonary segment 
it does not abolish its perfusion. The matched dimi- 
nution of perfusion and ventilation in the area of 
hypoxia would therefore not be recorded as an un- 
matched perfusion defect. A further possible cause 
of unmatched perfusion defects is fat embolism. This 
was found in 100 per cent of post-mortems following 
routine operations (Whiteley, 1954). However, fat 
embolism is attended by fissure silhouetting on the 
chest X-ray, and the obstruction of pulmonary capil- 
laries produces a perilobar pruning of perfusion and 
not a segmental defect of perfusion; as a result it 
would not be recorded as an unmatched perfusion 
defect. 


Having excluded these possibilities, we have con- 
fined our investigation to the possible association 
between unmatched perfusion defects and either the 
transfusion of blood or peripheral thrombosis. Studies 
in war casualties and animals have demonstrated a 


correlation between massive blood transfusions fol- 


lowing a state of shock and the subsequent develop- 
ment of unmatched perfusion defects and pulmonary _ 
insufficiency (Swank and Edwards, 1968; McNamara . 
et al., 1970; Moseley and Doty, 1970; Reul et al., 
1973). In our study no patient suffered a fall in 
systolic blood pressure to below 100 mm Hg, and 
whilst 2 patients with a 2-unit transfusion developed 
unmatched perfusion defects, 1 patient with a 6-unit 
transfusion did not and the remaining patient de- 
veloping an unmatched perfusion defect did not 
receive a transfusion. There is no statistical associa- 
tion between the defects and the administration of 
blood and it is suggested that changes in the pul- 
monary vascular bed associated with a state of shock 
predispose to the deposition of transfused platelet 
thrombi and that the transfusion of blood does not 
play a significant role in the aetiology of unmatched 
perfusion defects during normotensive operations. 
Five out of 26 patients (19 per cent) developed a 
thrombus detected by the I-labelled fibrinogen leg 
scan. This is a slightly lower incidence than in our 
previous study (Knight and Dawson, 1976). No patient 
developed both an unmatched perfusion defect de- 
tected with the *!Kr™ VPLS and a thrombus detected 
by the '*]-labelled fibrinogen leg scan. This conflicts 
with the previous findings that more than 80 per cent 
of patients with an unmatched perfusion defect de- 
tected by the Xe VPLS on the seventh day after 
operation-also had a positive leg scan (Browse et al., 
1976). Our leg scan technique and our criteria for 
the diagnosis of DVT are based on the method de- 
scribed by Browse and Negus (1970), but we have 
used 5-cm intervals between scanning points to exclude 
errors of scintillation counting and excluded counts 
above the mid-thigh and below the calf, and all leg 
scans were independently interpreted by a computer 
program. In view of the slight difference in leg scan 
technique we reviewed all the leg scans and applied 
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the 15 per gent and the 3x5 per cent criterion of 
Browse et al. (1971) to the percentage uptakes at 
10-cm intervals and utilized graphs of the percentage 
uptake to detect thrombolysis, but these patients with 
a UPD were still found to be free of fibrinogen uptake 
thrombi. 

In view of the absence of correlation between the 
defects on the YKr™ VPLS and DVT we examined 
the correlation between DVT and the incidence of 
apparent defects when our perfusion scans were re- 
assessed using the criteria utilized for the Xe VPLS. 
This resulted in an apparent correlation of 33, 75 
and 60 per cent on the third, sixth and tenth days 
respectively, which is akin to the 80 per cent correla- 
tion found by previous workers on the seventh post- 
operative day. This suggests that the correlation may 
be due to the presence of the increased number of 
apparent defects found with the Xe VPLS. The 
lack of association between unmatched defects found 
on the *1Kr™ VPLS and a positive leg scan challenges 
the concept that segmental unmatched perfusion 
defects arise from established DVT detected by the 
125] Jabelled fibrinogen leg scan. The correlation be- 
tween a defect and a positive leg scan shown in 
previous series raised the possibility that future assess- 
ment of the efficacy of a prophylactic agent against 
DVT could use the presence or absence of unmatched 
perfusion defects alone as the end point of the study. 
The absence of this correlation renders this view un- 
tenable. 

It is widely held that the peak incidence of pul- 
monary embolism occurs between the sixth and tenth 
postoperative days, but Coon and Coller (1959) 
carried out 205 postoperative necropsies and found 
that the peak incidence of pulmonary embolism 
occurred on the first postoperative day and fell to a 
low level by the ninth postoperative day (Fig. 5). 
Our first postoperative examination was carried out 
on the third postoperative day, which coincides with 
a point on the falling curve of the graph. The incid- 
ence of non-fatal emboli and unmatched perfusion 
defects compare favourably at each examination. 
Both pulmonary emboli and unmatched perfusion 
defects show a decreasing prevalence during the post- 
operative period and these similarities suggest that 
unmatched perfusion defects may in fact be small 
pulmonary emboli. 

Although we found no association between un- 
matched perfusion defects and a positive leg scan 
this does not rule out peripheral thrombosis as a 
possible source of these defects. The leg scan detects 
thrombosis below the mid-thigh with an accuracy of 
2-10 per cent; because thrombosis is multicentric in 
origin, venographic and necropsy studies indicate 
that approximately 80 per cent of thrombi in the 
common iliac, external iliac and common femoral 
veins will be associated with a peripheral thrombus 
(Flanc et al., 1968; Diener, 1971; Nicolaides et al., 
1971; Browse and Lea Thomas, 1974; Mclvor et al., 
1975), but the correlation between thromboses in the 
pelvic veins and those detected by the '*I-labelled 
fibrinogen uptake test is not known. We suggest that 
two possible thrombotic origins for unmatched per- 
fusion defects still remain: first, established endo- 
thelial thrombi in the pelvic veins and discrete thrombi 
in the iliofemoral segment may detach and become 
arrested in the lung; secondly, Sevitt noted that 
during the postoperative state of hypercoagulability 


a fibrin-platelet coagulum can be formed in areas of 
venous stasis without attachment to the endothelium 
(Sevitt and Gallagher, 1961). This coagulum can travel 
to the lung to become impacted in the smaller pul- 
monary arterioles. Whilst they are usually small, an 
exaggeration of this process might account for the 
presence of unmatched perfusion defects without the 
presence of a classic peripheral thrombus. 

Whilst sudden detachment of an established peri- 
pheral thrombus is known to cause the acute clinical 
features of pulmonary embolism, it is interesting to 
speculate that the persistence of a pulmonary vascular 
obstruction or unmatched perfusion defect into the 
late postoperative period raises the possibility that 
secondary thrombosis may occur at the site of the 
existing obstruction (Hume et al., 1970) and may 
produce the clinical features of pulmonary embolism 
with a more gradual onset. The persistence of these 
defects and the possibility of secondary thrombosis 
mean that their presence can no longer be dismissed 
in the belief that they all undergo spontaneous and 
rapid resolution. 

In conclusion, unmatched perfusion defects occur 
in the early postoperative period and their incidence 
is lower than previously reported. Although the 
majority are short-lived these defects can persist 
until the tenth postoperative day. Unmatched perfu- 
sion defects need not originate from thrombi detected 
by the }“]-labelled fibrinogen uptake test and there 
is no statistical association between unmatched per- 
fusion defects and the transfusion of blood into 
normotensive patients. The independent origin of 
unmatched defects suggests that future evaluation of 
prophylactic agents against DVT should use a combi- 
nation of the *4Kr™ VPLS and the '*I-labelled fibri- 
nogen leg scan before pronouncing on the efficacy of 
an agent. 


References 

BROWSE N. L., CLAPHAM W. F., CROFT D. N., et al. (1971) Diag- 
nosis of established deep vein thrombosis with the **I- 
fibrinogen uptake test. Br. Med. J. 4, 325-328. 

BROWSE N. L., CLEMENSON G., BATEMAN N. T. et al. (1976) Effect 
of intravenous Dextran 70 and pneumatic leg compression 
on incidence of postoperative pulmonary embolism. Br. 
Med. J. 2, 1281-1284. 

BROWSE N. L., CLEMENSON G. and CROFT D. N. (1974) Fibrinogen 
detectable thrambosis in the legs and pulmonary embo- 
lism. Br. Med. J. 1, 603--604. 

BROWSE N. L. and LEA THOMAS M. (1974) Source of non-lethal 
pulmonary emboli. Lancet 1, 258-259. 

BROWSE N. L. and NEGUS D. (1970) Prevention of postoperative 
leg vein thrombosis by electrical muscle stimulation: 
evaluation with }I-labelled fibrinogen. Br. Med. J. 3, 
615-658. 

COON w. w. and COLLER F. A. (1959) Clinicopathologic correla- 
tion in thromboembolism. Surg. Gynecol. Obstet. 109, 
259--269. 

DIENER L. (1971) Intraosseous phlebography of the lower limb. 
Postmortem investigation of thrombotic venous disease. 
Acta Radiol. Suppi. 304. 

FAZIO F. and Jones T. (1975) Assessment of regional ventilation 
by continuous inhalation of radioactive krypton-81". 
Br. Med. J. 3, 673-676. 

FLANC C., KAKKAR V. V. and CLARKE M. B. (1968) The detection 
of venous thrombosis of the legs using *?I-labelled 
fibrinogen. Br. J. Surg. 58, 742-747. 

GIBBS N. M. (1957) Venous thrombosis of the lower limbs with 
particular reference to bed rest. Br. J. Surg. 48, 209-236. 

HUME M., SEVITT Ss, and THOMAS D. (1970) Venous Thrombosis 
and Pulmonary Embolism. Cambridge, Mass., Harvard 
University Press, p. 200. 








INTERNATIONAL MULTICENTRE TRIAL (1977) Prevention of fatal 
postoperative pulmonary embolism by low doses of 
heparin—reappraisal of results. Lancet 1, 567—569. 

KNIGHT M. T. N. and DAWSON R. (1976) Effect of intermittent 
compression of the arms on deep venous thrombosis in 
the legs. Lancet 2, 1265-1268. 

MCIVOR J., ANDERSON D. R., BRITT R. P. et al, (1975) Comparison 
of ™*]-labelled fibrinogen uptake and venography in the 
detection of recent deep vein thrombosis in the legs. Br. 
J. Radiol. 48, 1013-1019. | 

MCNAMARA J. J., MOLOT M. D. and STREMPLE J. F. (1970) Screen 
filtration pressure in combat casualties. Ann. Surg. 172, 
334-341, 

MOSELEY R. V. and DOTY D, B. (1970) Death associated with 
multiple pulmonary emboli soon after battle injury. 
Ann. Surg. 171, 336-346. 

NICOLAIDES A. N., KAKKAR V. V., FIELD E. S. et-al. (1971) The 
SPa of deep vein thrombosis: a. venographic study. 

"J. Radiol. 44, 653-663. : 













Postoperative pulmonary perfusion defects 747- 
REUL G. J., GREENBERG S, D., LEFRAK E. A. et al. (1973) Preven- 
tion of post-traumatic pulmonary insufficiency. Arch. 
Surg. 106, 385-394. T 
SEVITT $. and GALLAGHER N. (1961) Venous thrombosis and -> 
pulmonary embolism: a clinico-pathological study m 
injured and burned patients, Br. J. Surg. 48, 475-489. 
SWANK R. L. (1961) Alteration of blood on storage: measures 
ment of adhesiveness of ‘aging’ platelets and leukocytes 
and their soya by filtration. X. Engl. J. Med. 265, — 
728-733, a 
SWANK R. L. and EDWARDS M. J. (1968) Microvascular occlusion. 
by platelet emboli after transfusion and shock: Mier HISE, 
Res. 4, 15-21. ces 
WHITELEY H. J. (1954). The relation between tissue: inj yan 
the manifestations of pulmonary fat embolism. I. Pathol 
Bacteriol. 67, 521-530. ae 
WILLIAMS O., LYALL J., VERNON Mi et al (1974) Ventilation- 
perfusion lung. scanning for pulmonary emboli; Br. Med 
J. 1, 600-602. N 





Br. J. Surg. Vol. 64 (1977) 718-720 


The prospective evaluation of tumour-associated 
antigens for the early diagnosis of 


pancreatic cancer 
R. A. B. WOOD AND A. R. MOOSSA* 


SUMMARY 

An unselected series of 136 patients suspected of having 
a major intra-abdominal pathological condition had 
blood drawn and stored as serum. A definitive histo- 
logical diagnesis was made in all cases, usually by 
laparotomy. The serum was analysed with coded 
samples for carcino-embryonic antigen, alpha-feto- 
protein and pancreatic oncofetal antigen and all 
recorded levels above the upper limit of normal for 
that test were taken as a positive result. Results were 
analysed to give the predictive value of a positive test 
and a negative test for each antigen. A negative 
pancreatic oncofetal antigen test was found to be 
useful in excluding a diagnosis of pancreatic cancer. 


THE incidence of pancreatic cancer is increasing in the 
United States of America (American Cancer Society 
Statistics, 1975) and in the United Kingdom (Regis- 
trar-General, 1975). Medical and surgical advances 
have so far been unable to improve on the 90 per cent 
mortality rate which occurs during the first year after 
diagnosis of this disease. The difficulty of accurate 
diagnosis of a disease within the pancreas has pre- 
viously been summarized (Leading Article, 1974). 
Tests of pancreatic function and imaging of the 
pancreas by isotope scanning and contrast radio- 
graphy are either inaccurate or difficult to perform 
(Wood et al., 1976). As the population at risk from 
this disease has not been delineated, any complicated 
or expensive tests, such as endoscopic retrograde 
cholangiopancreatography (ERCP), for screening 
would be impractical. A specific screening blood 
test for this cancer is required. In a selected series of 
patients claims of a raised level of tumour-associated 
antigens in carcinoma of the gastro-intestinal tract 
have been made for carcino-embryonic antigen (CEA) 
(Ona et al., 1973), alpha-fetoprotein («-FP) (McIntire 
et al., 1975) and pancreatic oncofetal antigen (POA) 
(Banwo et al., 1974). The value of these tests has 
been assessed to date in retrospective studies on 
selected series of patients. The aim of the present 
study was to determine the validity of these tumour- 
associated antigens prospectively as screening tests 
for pancreatic cancer in a series of patients who were 
admitted to a surgical ward with serious gastro- 
intestinal disease requiring surgical treatment. Thus 
a definitive histological diagnosis could be made in 
all patients admitted to the study. 


Patients and methods 

From July 1974 a prospective study was set up at the 
University of Chicago to include the surgical units with an 
interest in gastro-intestinal and pancreaticobiliary disease. 
Patients were admitted to the study if a major intra-abdominal 
pathological condition was suspected and if they would 
eventually have a histological diagnosis made by laparotomy. 
In all, 136 patients had 50 mi of fasting venous blood drawn 
and serum was stored at —60 °C. 


The serum was analysed in batches by three separate groups 
of workers who had no knowledge of the eventual histological 
diagnosis of the patient. The serum was analysed for carcino- 
embryonic antigen by the Hansen's Z gel method (Hansen et 
aL, 1974). A positive result was recorded for this test if a level 
of 50 ng/ml or over was obtained. Alpha-fetoprotein was 
measured in the laboratory of Dr Waldmann by a double- 
antibody radioimmunoassay technique (Waldmann and 
McIntire, 1972). A serum level of 40 ng/ml or over was taken 
asa positive result. Pancreatic oncofetal antigen was determined 
by a semi-quantitative agarose double-diffusion assay with a 0 
to ++ -+ scale (Gelder et al., 1976). A value of + and over 
was taken as a positive result. 

A definitive histological diagnosis was made in all patients. 
The tissue was obtained mostly by laparotomy and wedge 
biopsy, but in 6 patients this was done by cytological examina- 
tion of aspirated fluid. A follow-up of the patients at 18 months 
did not alter the original diagnosis. 

Results were analysed by the method of Vecchio (1966), by 
which an analysis of the sensitivity, the predictive value of a 
positive test and the predictive value of a negative test were 
calculated. A definition of the sensitivity rating, the predictive 
value of a positive test and the predictive value of a negative 
test are shown in Table J. 


Results 

Of the 136 patients who had serum drawn for this 
study, 38 were found at laparotomy to have pan- 
creatic cancer. These included 2 patients with car- 
cinoma of the ampulla and 1 carcinoma of the 
duodenum and all stages of pancreatic cancer from 
early resectable lesions to widespread metastatic 
disease. There were 16 patients with pancreatitis 
ranging from minor histological changes to gross 
chronic pancreatitis, pseudocyst and abscess forma- 
tion. A total of 33 patients was found to have other 
intra-abdominal neoplasms, including 2 cases with 
carcinoma of the common bile duct, a case of hepa- 
toma and 2 cases of local invasion of the pancreas by 
carcinoma of the stomach. Of the 48 patients who 
were found to have histologically proved benign 
disease (exclusive of benign pancreatic disease), there 
were 2 cases of gall stones at the lower end of the 
common bile duct, 3 cases of toxic megacolon and 
ulcerative colitis, 5 cases of carcinoma of the colon 
and 3 patients with complicated surgical strictures 
of the common bile duct. There was only 1 negative 
laparotomy in this series. 

The sensitivity rating for a particular test, which is 
the ability of the test to give a positive finding when 
the person tested has the disease under study, is 
shown in Fig. 1. The predictive values for a positive 
test for each antigen, that is the percentage of times 
the test is positive in the presence of a given disease 
(in this case pancreatic cancer) within an unselected 
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Table 1: THE TERMINOLOGY DESCRIBING THE USEFULNESS OF A PARTICULAR DIAGNOSTIC TEST 


Descriptive term 


Sensitivity rating 


Predictive value of a positive test (true positive) (°% 


Predictive value of a negative test (true negative) (°% 


Patients with pancreatic cancer with positive tests 


Patients with pancreatic cancer with a positive test . 


Patients without pancreatic cancer who had a negative test z 
Ali patients with a negative test i 


Method of calculation 


All patients with pancreatic cancer tested 


; . me © 100 
All patients with a positive test 


100 





series of patients and the patient is shown to actually 
have the disease, is shown in Fig. 2. The predictive 
values of a negative test for each antigen, which is a 
true reflection of the validity of the test to exclude 
pancreatic cancer, are shown in Fig. 3. 

Pancreatic oncofetal antigen gave a positive test in 
some cases of severe pancreatitis, carcinoma of the 
biliary tree, carcinoma of the stomach invading the 
pancreas and stones impacted at the lower end of 
the common bile duct. Carcino-embryonic antigen 
in these cases often gave a negative test. An analysis 
of the cases with both a positive POA and CEA test 
was performed and the true predictive value of a 
positive POA and CEA test was 73 per cent. None of 
these patients had early pancreatic cancer and most 
had large tumours and/or liver metastases. 


Discussion 

In this unselected series of patients studied prospec- 
tively to determine the value of various oncofetal 
antigens in the diagnosis of pancreatic cancer, a very 
wide spectrum of pancreatic pathology and other 
intra-abdominal malignant and benign disease has 
been studied. Analysis of these patients’ serum has 
given a wide range of levels of these three tumour 
markers. 

The real value of any test to the clinician is whether 
it has a significant predictive value in an unselected 
population for either diagnosing a disease or excluding 
it. The method of Vecchio gives a comparative 
percentage, which allows comparison of different types 
of test as long as an upper limit of normal is set for 
that test to be marked positive. It also allows com- 
parison with tests which are semi-quantitative. This 
has allowed the first comparative assessment of POA, 
and when the sensitivity rating is seen in Fig. 1, it 
appears that POA is superior in every way to the 
other two antigens. The sensitivity rating is the method 
by which most new tests are assessed; however, the 
sensitivity rating is worked out from a selected series 
of patients, i.e. all those patients with pancreatic 
cancer, but the clinician wishes to know if this test 
will diagnose the actual disease in an unselected 
population. When this predictive value of a positive 
test is worked out (Fig. 2), it will be seen that CEA 
at 48 per cent is less accurate than tossing a coin. 
Alpha-fetoprotein is even worse and POA, although 
better than CEA and «-FT, is still an unsatisfactory 
test for confirming the diagnosis of pancreatic 
cancer, However, when the predictive value of a 
negative test is calculated (Fig. 3), it will be seen that 
a negative test for oncofetal antigen excludes the 
presence of pancreatic cancer in that patient with a 
theoretical error rate of only 6 per cent. 

It follows that a POA test, when positive, is 
usually indicative of pancreaticobiliary pathology, 


100% 
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POA 
Fig. 1. Results for sensitivity of a test in an unselected 
population for the detection of pancreatic cancer. 
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Fig. 2. True positive results for detecting pancreatic cancer. 
100% 94% 
50% 





CEA aFP 


Fig. 3. True negative results for excluding a diagnosis of 
pancreatic cancer. 
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but not necessarily of pancreatic cancer. Thus a 
-positive POA test may indicate to the clinician that a 
more accurate structural test of the pancreas should 
© be undertaken as the next investigative step, with 
either ultrasound and ERCP with cytology being the 
next logical step (Wood et al., 1976). A negative 
POA test is good evidence for excluding pancreatic 
cancer as the underlying cause of the patient’s 
symptomatology. The other oncofetal antigens tested 
are unhelpful in this respect and in confirming the 
presence of pancreatic cancer. 
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Effects of Corynebacterium parvum on 


tumour metastases in mice 
J. E. CASTRO# 


SUMMARY 

The effects of Corynebacterium parvum on the Lewis 
lung tumour and its metastases have been studied. 
Intravenous but not intraperitoneal or subcutaneous 
C. parvum reduced the growth of the primary tumour. 
Both intravenous and intraperitoneal C. parvum signi- 
ficantly reduced pulmonary metastases. When com- 
bined with excision of the primary tumour, C. parvum 
given not more than 2 days before excision caused only 
slight reduction of metastases, but when given intra- 
venously or intraperitoneally 3-4 days before excision, 
metastases were significantly reduced and some mice 
were. cured of tumour. Subcutaneous C. parvum had 
no effects on metastases. 

Non-specific operation (amputation) increased tumour 
metastases, but C. parvum counteracted this. 

Metastases were significantly increased by the ad- 
ministration of silica and cortisone acetate but were 
unaffected by trypan blue. The antimetastatic action 
of C. parvum was not significantly altered by these 
treatments. Thymectomy and irradiation did not affect 
tumour metastases or the antimetastatic action of 
C. parvum, whereas antilymphocyte serum depressed 
metastasis and abrogated the pretective effects of C. 
parvum. 

It appears that the inhibitory effects of C. parvum 
on tumour metastases are mediated through macro- 
phages in concert with a subpopulation of T, lympho- 
cytes. 


CONVENTIONAL methods, such as surgery and radio- 
therapy, may successfully treat primary tumours, but 
patients subsequently die from metastases; immuno- 
therapy may be useful as adjuvant therapy to destroy 
distant tumour spread. Corynebacterium parvum 
stimulates the reticulo-endothelial system (Halpern 
et al., 1963) and retards the growth of subcutaneous 
and intraperitoneal tumours in mice (Woodruff and 
Boak, 1966; Castro, 1974a). It significantly reduces 
tumour nodules in the lungs after intravenous injec- 
tion of cancer cells (Bomford and Olivotto, 1974). 
The object of these studies in mice was to investigate 
the effects of C. parvum on spontaneous metastases 
from the Lewis tumour. 


Materials and methods 


Animals 
Age-matched female CS57B1/10ScSn mice (Olac Southern Ltd) 
' were used throughout these studies. 


Tumour 
The Lewis lung carcinoma when grown subcutaneously always 
metastasizes the lungs (Simpson-Herren et al., 1974). Tumour 
homogenate (0-1 mi) was implanted subcutaneously in the 
flank. For each animal two diameters of the primary tumour 
were measured twice weekly and the mean diameter calculated. 
The day of tumour inoculation is referred to as day 0. 
Macroscopic surface lung metastases were counted 21 days 
after tumour implantation following inflation of the lungs 
with a dilute solution of indian ink and fixation in Fekete’s 
solution (Wexler, 1966). The numbers of metastases in different 
groups were compared by Student’s ż test. 


Corynebacterium parvum 


A formalin-killed suspension of C. parvum (Wellcome, strain ; 
CN6134, batch Px374, 7mg dry weight/ml) was used in > 


doses of 0-466 mg in 0-2 ml 0-:15.m saline. Control mice res 
ceived the same volume of saline. ; 

Antilymphocyte serum (ALS) was rabbit anti-AKR mouse 
thymocyte serum (Searle Diagnostics Lid, Batch 10); 0-35 ml 


was given subcutaneously on days —2, —1, 0, 7 and 14. Con- ~ 


trol mice received normal rabbit serurn. 


Surgical operation k 
All operations were performed under ether anaesthesia. In 
cases where the primary tumour was excised, it was removed 
on day 10. To investigate the non-specific effects of surgical 


operation, hind limb amputation was performed in some . 


mice. 

Adult mice were thymectomized using a method previously 
described (Castro, 1974b). Two weeks later they received _. 
450 rad whole body irradiation and after a further 4 weeks — 
tumour was inoculated. Fae 


Chemical and reagents | 
All solutions were made up in 0-15 M sterile saline and control. 
mice received equivalent volumes of saline. Silica (Dorentrup 
Quartz No. 12 [1-5 u]}) was sterilized by dry heating at 160 °C 
for 2 h before ultrasonic vibration in saline for 2 min immedi- 
ately before use. Each mouse received 0-2 mi silica suspen- 
sion (12-5 mg/ml) intravenously {i.v.) and 0-5 ml silica (50 
mg/ml) intraperitoneally (i.p.) on days 4 and 9. E 
Cortisone acetate (Sigma C-3130) was suspended at 25 e 
mg/ml and mice received 0-1 ml subcutaneously (s.c.) on day 4. ~ 


Trypan blue (BDH, CI.23850)—for vital staining—was — 


dialysed for 48 h against glass-distilled water, lyophilized and 
resuspended at 10 mg/ml. Mice were given 0-4 ml trypan 
blue ip. 24h and 0-1 ml i.p. 3h before tumour implantation 
followed by a maintenance dose of 0-1 mi s.c. twice weekly. 


Phagocytic index 

The global phagocytic index, K, was measured by clearance 
of colloidal carbon from blood using modifications of the 
methods described by Biozzi et al. (1954). Mice were bled 
from the retro-orbital sinus, using Unibore ‘break off’ 0-02-ml 
Benjamin heparinized haematocrit tubes (Hershaw Chemical 
Ltd), before and at precise times—2, 5, 10, 15 and 20 min— 
after i.v. injection of colloidal carbon (14-5 per cent Pelikan 


ink and | per cent gelatin in water given at 0-01 ml/g body ` 
weight). The blood was lysed in 2 ml of water and the optical ~ 


densities determined in a Unicam colorimeter with 640 nm 
red filter. The phagocytic index was calculated for each mouse 
by the method of least squares as a regression coefficient, 
multiplied by —1, of the straight line relating the logarithms | 


of the optical densities plotted against time. A combined — 


estimate of K and the standard error was determined for 
groups of 3 mice on various days throughout each experiment. 


Results 

The effects of C. parvum given by different routes on 
the primary Lewis tumour were determined in four 
groups of 9 mice. When compared with untreated 
mice, i.v. C. parvum reduced the growth and weight 
of tumour (P = 0-01 on day 21) but s.c. or i.p. injec- 
tion had no significant effects (Fig. 1). 
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Fig. 1. Effect of C. parvum given i.v., ip. or s.c. on the 
growth of the primary Lewis lung tumour. Each point 
represents the mean of 9 mice, with the vertical bar 
denoting the standard error. 
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Days after tumour inoculation 


Fig. 2. Effects of cortisone acetate (CA), given on days 

4 and 11 after tumour implantation and C. parvum (Cp) given 
on day 0, on the phagocytic index of mice inoculated 

with Lewis tumour (T). Each point represents a combined 
estimate from 3 mice. One standard error is shown above 
and below the line. 


-Table I: EFFECT OF C. PARVUM GIVEN AT THE 


SAME TIME AS TUMOUR INOCULATION ON 
PULMONARY METASTASES FROM LEWIS LUNG 
TUMOUR 


No. of No. of metastases 
Group mice (mean --s.d.) 
Untreated controls 9 244-100 
C. parvum iN. 9 4+. 3-5 
C, parvum ip. 9 4 25 
C. parcum &.c. 9 18-100 





Table H: EFFECTS OF COMBINED C. PARVUM 
AND EXCISION ON PULMONARY METASTASES 
FROM LEWIS LUNG TUMOUR 


C. parvum No. of metastases (mean +:s.d.} 


given on day Controls. C. parvum (Lv) 
6 13+ 9-40 2-+-1°5 
7 19-. 60 2-4-0 
8 18-+- 10-0 6455 
9 19 -4 G5 124335 
10* 31+ 65 20465 


* Tumour excised on day 10. 


Tab'e IH: EFFECTS OF OPERATION ON 
PULMONARY METASTASES FROM LEWIS 
LUNG TUMOUR 


No. of No. of metastases 
Treatment mice (mean --s.d.) 
Untreated 17 24-111 
C. parvum only 7 8-67 
Operation- saline is 5§ +-22°3 
Operation -+ C. pareum 13 94 77 
preop. 
Operation + C. parem 13 $4 47 
perop. 
Operation + C. parvum 10 44 33 
postop. 





Table IV: EFFECTS OF MACROPHAGE INHIBITORS 
ON PULMONARY METASTASES FROM LEWIS 
LUNG TUMOUR 

No. of metastases (mean -+ s.d.) 


Group Silica Cortisone Trypan blue 
Untreated controls 474-21 50-22 36-44-20 
Treatment only 81423 74423 43-10 
C. parvum only S- 1 il- 7 9-4- 7 
C. paroum + treatment 134 6 134 6 8- 7 


Table V: EFFECTS OF INHIBITION OF CELL- 
MEDIATED IMMUNITY ON METASTASES FROM 
LEWIS LUNG TUMOUR 

No. of metastases (mean +- s.d.) 


Thymectomy and 
Group irradiation ALS 
Untreated controls 42-4145 54-30 
Treatment only 454-23 41+-21 
C. parvum only 9+ 5 10+ 4 
C. parvum + treatment 14411 il+ 8&8 


C. parvum given either i.v. or i.p. on the same day 
as tumour inoculation caused a significant reduction 
of metastases on day 21. No effect was found after 
s.c. C, parvum (Table I). 

The combined effects of surgical excision of the 
primary tumour and i.v. C. parvum (to deal with 
latent metastases) were studied. The primary tumour 
was excised on day 10 and C. parvum was given i.v. 
on day 6, 7, 8, 9 or 10, The greatest antimetastatic 
effect was observed when the vaccine was given 3-4 
days before excision of the primary tumour (P = 
0-001); indeed, some mice in the experimental group 
were permanently cured of tumour by combined 
therapy. Minimal protection was observed when the 
vaccine was given 1 day before, or immediately after 
tumour excision (Table I). _ 

The effects of non-specific operation (amputation) 
were studied and it was found that amputation signi- 
ficantly increased metastases. However, C. parvum 
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given 2 days before or after surgery or at the same 
time prevented this increase and significantly de- 
pressed metastases compared with control animals 
not undergoing amputation (Table II). 

To ascertain the immunological mechanisms in- 
volved in the antimetastatic action of C. parvum, 
mice with separate components of the immune re- 
sponse were used (Table IV). Silica increased meta- 
stases from 47 to 61 (P<0-01), but additional C. 
parvum significantly reduced them (P<0-00]) to a 
level similar to that found in mice given C. parvum 
alone. Cortisone acetate also significantly inhibited 
metastases to a number similar to that in mice given 
C. parvum alone (Table IV). Trypan blue did not 
influence metastases nor did it affect the protection 
afforded by C. parvum (Table IV), 

No difference was found between the number of 
metastases in thymectomized, irradiated experimental 
mice and the number in controls. C. parvum given to 
the treated mice at the same time as tumour inocu- 
lation caused significant inhibition of metastases from 
45 to 14 (P<0-001), a value similar to that of con- 
trols treated with C. parvum alone (Table V). ALS 
inhibited metastases (P< 0-01) and also inhibited the 
antimetastatic effects of C. parvum (Table V). 

Measurement of the phagocytic index was by deter- 
mination of clearance of carbon particles. The effects 
of the administration of cortisone acetate, C. parvum 
and the combined treatments compared with controls 
are shown in Fig. 2. C. parvum increased the phago- 
cytic index but cortisone acetate depressed it. Mice 
given both C. parvum and cortisone had intermediate 
values, 


Discussion 

The Lewis lung carcinoma was studied because it 
always metastasizes to the lungs. When C. parvum 
was given i.v. at the same time as tumour inoculation, 
it depressed primary tumour growth, and this sup- 
ports the findings of others using different solid 
tumours (Woodruff and Boak, 1966; Smith and Scott, 
1972; Mathé et al., 1973). C. parvum given s.c. had 
no antimetastatic action, which confirms its ineffective- 
ness when given by this route (Woodruff and Inchley, 
1971; Woodruff et al., 1972). 

Metastases were counted using the methods of 
Wexler (1966), because previous studies have shown 
that most metastases in this model appear on the 
lung surface (Polisar and Shimkin, 1954). C. parvum 
given i.v. or i.p. but not s.c. depressed metastases. 

We attempted to simulate the clinical condition in 
which the primary tumour is removed surgically at a 
time when there is no evidence of distant spread, yet 
the patient dies from secondaries. The primary Lewis 
tumour was excised on day 10. At this time latent 
metastases may have been present in the lungs and 
our unpublished studies have shown that a number 
of tumour cells are liberated into the circulation at 
the time of excision. When C. parvum was given i.v. 
just before or just after tumour excision there was a 
reduction of metastases on day 21, but it was slight 
and not statistically significant. C. parvum treatment 
was most effective when given 3-4 days before exci- 
sion. This would be explained if time were required 
for C. parvum to become operative, and we have 
shown this to be the case (Sadler and Castro, 1976b). 
Alternatively, C. parvum might control only small 
numbers of cells or impede the release of tumour 


cells from the primary tumour, but this is unlikely 
because the tumours appeared similar histologically. 
Proctor et al. (1973) showed that combined C. parvum 
and surgical excision reduced metastases in a rat 
tumour model, but C. parvum was only effective if 
given after excision. 

This present study showed that surgery increased 
tumour metastases and that C. parvum could over- 
come this effect. Indeed, its protective effect was as 
marked in mice undergoing non-specific surgery 
(amputation) as in controls. 

Rational immunotherapy demands an understand- 


ing of the immunological mechanism invoked by a . 
particular therapy. C. parvum was therefore given to. 
mice with separate components of the immune re- > 
sponse selectively ablated. Macrophage function was ~ 
impaired by treatment with silica, cortisone acetate - 
or trypan blue. Silica is a specific macrophage toxin > 


which causes autolysosomal destruction of macro- 
phages in vitro (Allison et al., 1966) and inhibits their 
activity in vivo (Pearsall and Weiser, 1968). Cortisone 


acetate depresses macrophage function (Conning and - 


Heppleston, 1966) and affects cortical T cells (Claman, 
1972). Trypan blue inhibits lysosomal enzymes of 
macrophages (Beck et al., 1967). 

Mice were unable to tolerate more than two doses 


of silica. Both silica and cortisone acetate increased. 
metastases but this was not a reflection of primary. 
tumour growth, for this was depressed. A similar. 
increase of lung tumour nodules has been reported 
after administration of gold salts which inhibit Iyso- 


somal enzymes of macrophages (McBride et al., 1975), 
but in our experiments with trypan blue, which has 
a similar effect, there was no effect on metastases. 

C. parvum significantly decreased metastases in 
mice given silica, cortisone acetate or trypan blue. 
The results were unexpected as there is considerable 
evidence for the involvement of macrophages in the 
antimetastatic action of C. parvum. However, it has 
been shown (Jones and Castro, 1977), by carbon 
clearance measurement, that C. parvum is able to 
partially overcome inhibition of macrophage activity 
produced by silica or cortisone acetate, probably by 
increasing macrophage production (Wolmark and 
Fisher, 1974). 

it was particularly interesting that phagocytic acti- 
vity was inversely related to metastases, and that 
cortisone acetate depressed phagocytic activity whilst 
increasing metastases while C. parvum had the oppo- 
site effects and combined treatments gave intermediate 
values for both metastases and phagocytic activity. 

T cells were depressed either by thymectomy and 
sublethal irradiation which depletes mainly short-lived 
T, lymphocytes (Kappler et al., 1974) or by treatment 
with ALS which destroys mainly long-lived T, lympho- 
cytes (Lance et al., 1973). Depression of T cells by 
thymectomy and irradiation did not alter the number 
of metastases, nor did this treatment affect the anti- 
metastatic action of C. parvum, whereas ALS de- 
pressed both. 

We can, therefore, conclude that macrophages are 
important both for preventing the natural spread of 
metastases from a primary tumour and for the anti- 
metastatic action of C. parvum (Sadler and Castro, 
1976a, b). It appears that asubpopulation of ALS-sensi- 
tive (T,) lymphocytes is necessary for this action of 
C. parvum and probably brings about macrophage 
activation. 
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Breast screening and surgical problems 
A. W. M. C. OWEN, A. P. M. FORREST, T. J. ANDERSON, E. SAMUEL, 


G. B. YOUNG AND A. M. SCOTT* 


SUMMARY 

The Edinburgh Breast Screening Clinic in its first year 
completed the initial screening examination of 3005 
invited women, who were apparently in good health, 
aged between 40 and 60 years; 141 were referred for a 
surgical opinion; 70 women ultimately underwent biopsy 
and 9 proved to have carcinoma. The indications for 
biopsy are described together with methods of manage- 
ment of the various lesions. 


THE Edinburgh Breast Screening Clinic opened in 
September 1975 to assess the problems of providing 
a screening service to the local population. The clinic 
is one of the four in Great Britain financed by the 
Department of Health and Social Security and the 
Scottish Home and Health Department to explore 
the feasibility of providing a screening service on a 
national scale. 

The screening examination consists of taking a 
history, including a previous medical and family 
history of breast disease, clinical examination, low 
dose mammography and thermography. Two inde- 
pendent clinical examinations are performed and all 
mammograms and thermograms are read by two 
doctors acting independently so that observer errors 
can be assessed. All results are recorded on computer 
forms, correlated and, if any abnormalities are noted 
with any mode of examination, the woman is referred 
for review. A weekly review session was conducted 
at the clinic by members of the Departments of Clini- 
cal Surgery and Diagnostic Radiology in association 
with the staff of the clinic. The results of all screening 
procedures, and in some cases additional investiga- 
tions by xeroradiography and aspiration cytology, 
were available to help decide whether to recommend 
the patient for biopsy. This paper deals with the 
results and problems of screening as they have affected 
the surgical support team. Further papers dealing 
with other aspects of screening will be presented in 
due course when the first examination of the whole 
group is complete (Scott, 1977). 


Results 

After the initial screening examination of 3005 invited 
women aged between 40 and 60 years, whose names 
were culled from age-sex registers, 141, i.e. 4-9 per 
cent of the screened population, were referred for a 
surgical opinion. Amongst these, 13 women were 
found on needle aspiration to have cysts. Sixty-five 
women were recommended for biopsy as a result of 
their first review, 4 after early recall and 1 patient 
following cyst aspiration because of reappearance of 
a mass associated with frank blood on further aspira- 
tion. In total, 70 women ultimately underwent biopsy, 
a rate of 23-3 per thousand screened, and in 9 a diag- 
nosis of carcinoma was established. The indications 
for biopsy are summarized in Table I. 
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Table I: INDICATIONS FOR BIOPSY 


No. of biopsies No. of carcinomas 


Lesion performed detected 
Palpable 56 6 
Impalpable 
Microcalcification 8 l 
Disturbance of archi- 5 2 
tecture 
Nipple discharge 1 0 
Total 70 9 
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Fig. 1. Xeroradiograph of 
microcalcifications. 


a breast showing a cluster of 


Problems 

Decision to biopsy 

The decision to biopsy a palpable lesion presents no 
major problem. Our policy includes needle aspiration 
of all discrete palpable abnormalities, so that cysts 
are quickly diagnosed and treated. As the final diag- 
nosis must rest upon histological examination, lesions 
which prove solid to attempted aspiration are excised 
regardless of the clinical, mammographic or cyto- 
logical features. Even when there was disagreement 
about the presence of a discrete palpable abnormality, 
biopsy was considered advisable. It is important to 
determine whether the palpable lesion corresponds to 
any mammographic abnormality which may be pre- 
sent, as otherwise more than one biopsy may be indi- 
cated. Fifty-six lesions were palpable and 6 of these 
proved to be carcinoma. 

The management of impalpable lesions is more 
difficult. In our opinion, it is unnecessary to excise 
all impalpable mammographic abnormalities and we 
rely on the radiologist for guidance. Any radiological 
suspicion of malignancy makes biopsy mandatory. 


* A. W. M. C. Owen and A. P. M. Forrest, Department of 
Clinical Surgery; T. J. Anderson, Department of Pathology: 
E. Samuel and G. B. Young, Department of Diagnostic Radio- 
logy, University of Edinburgh. A. M. Scott, Edinburgh Breast 
Screening Clinic. 

Correspondence to: A. W. M. C. Owen; Department of 
Clinical Surgery, The Royal Infirmary, Edinburgh, EH3 9YW. 
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Fig. 4. Specimen xeroradiograph illustrating a biopsy 
containing microcalcifications. 





Fig. 2. Xeroradiograph of a breast illustrating disturbance 
of the normal architecture. 
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Fig. 3. Localization. Fig. 6. Tissue slice X-ray illustrating, on the extreme left, 
a spiculated opacity typical of cancer. 


to a cluster of microcalcifications. 
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Table I: COMPARISON OF SCREENING PROGRAMMES 


Women Age No. of Biopsy rate Cancer rate 

Centre screened (yr) patients per 1000 per 1000 
Edinburgh Invited 40-60 3005 23-3 3* 
(Present series) 
HIP Invited 40-64 20 211 25:2 27a" 
(Shapiro et al., 1967) 
Manchester Invited > 50 1611 29 10* 
(George et al., 1976) Self-referred All ages 1055 59-7 &-6* 
Ealing Self-referred >35 1000 91 12* 
(Chamberlain et al., 1975) 
BUPA Self-referred All ages 11 654 Not stated 686 


(Bailey et al., 1976) 


* Resuits for the initial screening examination. 


The two mammographic abnormalities described 
below are of particular importance. 

Clustered spiculated microcalecifications: There are 
many different causes of calcification within the breast, 
e.g. the coarse calcification seen within fibroadenomas, 
linear calcification in the arteries, and more rarely in 
duct ectasia, and the single or scattered discrete 
globular calcification associated with dysplasia. The 
type which we have considered suspicious of malig- 
nant disease is shown in Fig. 1 and consists of an area 
of clustered calcification lying within the breast paren- 
chyma. It is usually unilateral. Such microcalcifica- 
tions without a palpable lump were found in 8 
patients, only 1 of whom proved to have cancer. 
Other causes of microcalcifications were normal invo- 
lution breast tissue, mammary dysplasia and cystic 
epithelial hyperplasia. 

Disturbed breast architecture: This comprises a small 
area in which there is a distortion of the normal pat- 
tern of breast tissue; clinically the breasts are normal 
(Fig. 2). Five patients had this abnormality of which 
2 proved to have cancer. 


Method of localization 
On discovery of a mammographic abnormality the 
breast must be carefully repalpated in the corre- 
sponding area. If a clinical abnormality is still not 
evident, preoperative localization of these lesions by 
radiography is an essential guide for the surgeon. 
Initially the authors used an ordinary hypodermic 
needle introduced into the breast before operation 
so that the tip lay close to the suspect lesion. Mammo- 
grams were taken in two planes, so that the relation- 
ship of the lesion to the needle point was ascertained 
(Fig. 3). More recently, we have used a simple modi- 
fication of the marking guide described by Frank and 
his colleagues (Frank et al., 1976), constructed from 
a 23-gauge spinal needle with a stylet slightly angled 
beyond the tip to produce a hook for lodging in the 
affected area. This guide is introduced through a 
small skin incision under local anaesthesia. After 
check films and any necessary adjustment, the guide 
is taped securely in position. The surgeon then per- 
forms the biopsy using these devices as a homing aid. 


Biopsy 

The biopsy itself is carried out with minimum disturb- 
ance of the tissues. It is our normal practice to infil- 
trate the skin and the underlying breast tissues with 


| : 200 000 adrenaline, to use transverse, curved or 
circumferential incisions and to incise the fat to 
expose the breast tissue in the region of the lesion. The 
relative absence of bleeding allows careful inspection 
of the breast tissue and, on occasions, actual visuali- 
zation or palpation of the lesion. The suspect area 
together with the marker is excised, the breast tissue 
and subcutaneous fat are sutured with fine catgut, 
the skin closed without drainage, using either silk — 
or subcuticular polyglycolic acid sutures, and a foam — 
pressure dressing is applied for 24 h. 


Specimen radiography 

An essential part of the procedure is confirmation 
that the lesion seen on radiology has been removed. 
This is done by specimen radiography. While the 
patient remains anaesthetized, a xeroradiograph of 
the biopsy specimen is performed. The presence of 
microcalcification is readily confirmed (Fig. 4) but 
it is more difficult to be certain that an area of dis- 
turbed architecture has been removed. For this 
reason, the specimen is marked with sutures in the 
operating theatre so that it can be orientated for X- 
ray, which is carried out in two planes at right-angles. 
The specimen xeroradiograph is then related to the 
original films of the breast. 

If there is doubt that the lesion has been removed, 
postoperative mammography should be performed. 
Fig. 5 shows a xeromammogram taken 1 month after 
biopsy for an area of disturbed architecture. The 
histology of the original biopsy had shown only 
benign disease and the postoperative xeroradiograph 
demonstrated that, in addition to the architectural 
disturbance at the recent biopsy site, the original 
suspicious area was still in situ. A second biopsy was 
performed and the lesion confirmed as invasive 
carcinoma. 


Pathology 

A standard approach to pathology was employed for 
both palpable and impalpable lesions which avoided 
the use of frozen sections. Fixed tissue was ‘bread- 
loafed’ into slices 0-5 cm thick. The slices were radio- 
graphed in a Flaxitron apparatus to provide a radio- 
graphical image additional to the naked-eye appear- 
ance upon which to judge selection of tissue blocks. 
In this way areas of microcalcification and archi- 
tectural disturbance could be sampled accurately 
(Fig. 6). 
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Discussion 

When we compared our biopsy and cancer detection 
rates with those of other published series (Shapiro et 
al., 1967; Chamberlain et al., 1975; Bailey et al., 1976; 
George et al., 1976) a considerable variation was 
noted (Table 1D. We believe that this is due to the 
different age groups studied and the inclusion in some 
studies of self-referred women. The groups of women 
screened in our study in Edinburgh and in the HIP 
study in New York (Shapiro et al., 1967) are very 
similar and this probably accounts for the agreement 
between their results and our own. 

From the outset we decided that frozen section 
diagnosis and possible immediate mastectomy were 
generally inappropriate to women referred from the 
screening clinic. We were concerned that lack of 
experience with small early lesions might impose 
problems both in sampling tissue inherently difficult 
to deal with in the fresh state and in its histological 
interpretation. We also regarded it as important that 
asymptomatic women should have time to come to 
terms with the presence of an abnormality in the 
breast and that they should be fully aware of its 
nature before they are faced with the possibility of 
radical surgical treatment. This is an extension of our 
standard policy with all cancers of the breast in 
which unequivocal diagnosis precedes investigation 
and treatment. 

As expected, the majority of biopsies in this series 
were recommended because of palpable lesions. In 
view of the report of Rosen et al. (1970), indicating 
the value of specimen radiography in the detection 
of unsuspected cancer in apparently benign biopsies, 
tissue-slice X-rays were carried out in the majority. 
However, this did not contribute to the diagnosis of 
cancer in this group and this finding is more in agree- 
ment with that of Fisher et al. (1974). They reported 
the detection of only 0-7 per cent occult carcinomas 
by specimen radiography in calcifications unasso- 
ciated with a dominant mass. 

Fourteen biopsies (20 per cent) were performed for 
impalpable lesions with a yield of 3 carcinomas. This 
reinforces the importance of including mammography 
in screening programmes and of surgeons accepting 
the need to biopsy mammographic abnormalities 
even when the breasts are clinically normal. In the 
experience of Schwartz et al. (1976), 16 per cent of 
women with mammographic abnormalities and clini- 
cally normal breasts recommended for a surgical 
opinion did not have a biopsy. 

We have indicated the methods which we have 
used to localize impalpable lesions. Careful clinical 
re-examination of the breast is important as a minor 
clinical abnormality may only become apparent in 
the light of the mammographic findings. Numerous 
methods of radiological localization to aid excision 
have been described (Stevens and Jamplis, 1971; 
Simon et al, 1972; Rosato et al., 1973; Mihlow, 
1974; Threatt et al., 1974; Frank et al., 1976; Horns 
and Arndt, 1976; Millis et al., 1976). None are perfect, 
but in our experience the technique of Frank et al. 
has proved helpful. 


The removal of microcalcifications presents little 
difficulty as specimen radiography pinpoints the ab- 
normality. This is not so with lesions consisting only 
of a disturbance of architecture when specimen radio- 
graphy is more difficult to interpret. If there is doubt 
mammography must be repeated after a negative 
biopsy. 

The management of women referred from a breast 
screening clinic poses special problems. Radiologists 
must be available to advise on mammographic find- 
ings, to assist with preoperative localization of im- 
palpable lesions and to confirm that the lesion has 
been removed. The pathologist also has an important 
role to play and, therefore, must be fully conversant 
with the indications for biopsy. Communication 
between members of the team is essential to the 
attainment of the objective of breast screening—the 
diagnosis of breast cancer at the earliest possible 
stage. 
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The role of plastic wound drapes in the prevention 


of wound infection following abdominal surgery 
J. V. PSAILA, M. H. WHEELER AND D. L. CROSBY#* 


SUMMARY 

A randomized controlled trial has been performed to 
assess the value of plastic wound drapes in the preven- 
tion of surgical wound infection. One hundred and 
forty-four patients undergoing abdominal surgery were 
allocated to one of three groups; a control group (A) 
in which standard cloth towels were applied to the 
abdominal wound, group B in which an adhesive plastic 
drape was added and group C in which a plastic ring 
protector was inserted into the wound. 

There were 26 cases U8 per cent) of wound infection. 
The wound infection rate in the plastic drape groups did 
not differ significantly from that in the control group. 

Bacteriological culture from a wound swab taken at 
operation was positive in 32 per cent of the cases. The 
presence of a plastic wound drape did not influence the 
positive culture rate. 

In 68 per cent of wounds which became infected the 
operative swab was positive as compared with 24 per 
cent in those not developing a wound infection. Thirteen 
of the 33 patients (39 per cent) with a positive wound 
swab subsequently developed a wound infection. In 10 
of these 13 cases of infection the operative swab per- 
mitted an accurate prediction of the organism respon- 
sible for the subsequent infection. 


NEARLY half of all postoperative complications involve 
the wound, and of these infection and dehiscence are 
the most common (Schwartz, 1975). With regard to 
infection it is clear that organisms are often introduced 
into the wound at the time of surgery. These may 
come from the patient’s own skin, the patient’s ali- 
mentary tract, members of the surgical team or from 
the operating theatre atmosphere. 

Traditionally, linen or cloth towels are employed 
in an attempt to provide a protective barrier. Several 
types of waterproof plastic drape have been intro- 
duced to act as an impervious layer and thus reduce 
the passage of bacteria-transporting vehicles, such as 
blood, serum, pus or intestinal contents. 

Adhesive plastic skin drapes to separate the skin 
surfaces from the operation wound were described 
by Artz et al. (1960). However, several studies have 
shown these drapes to be ineffective in actually reduc- 
ing the incidence of clinical wound infection (Maxwell 
et 3 1969; Jackson et al., 1971; Cruse and Foord, 
1973). 

The use of plastic ring wound drapes (Cole and 
Bernard, 1967) extending over the cut wound surfaces 
has recently been shown to reduce the bacterial 
density in potentially contaminated wounds (Raahave, 
1974), but it has not yet been conclusively established 
that the actual incidence of wound infection is signi- 
ficantly reduced by this technique. There have been 
conflicting reports on the efficacy of plastic ring 
wound protectors in the prevention of wound infec- 
tion (Harrower, 1968, Maxwell et al., 1969; Alexander- 
Williams et al., 1972). 

This report describes the preliminary results of a 
randomized prospective controlled trial to assess the 


role of adhesive plastic skin drapes and plastic ring 
wound protectors in the prevention of wound infec- 
tion following abdominal surgery. 


Patients and methods 

One hundred and forty-four patients undergoing abdomina 
surgery were included in the trial. A standard skin disinfection 
procedure using 1 in 30 Savion (chlorhexidine 0-05 per cent 
and cetrimide 0-5 per cent) and Hibitane spirit (chlorhexidine 
gluconate 0-5 per cent in alcohol) was employed throughout. 
Standard linen towels were then applied to the operative area 
in all patients. Before surgery patients were randomized into 
two groups to receive either an adhesive plastic drape or a 
plastic ring wound protector in addition to the standard linen 
towels. The adhesive skin drape used was Steri-Drape (Minne- 
sota Mining and Manufacturing Co.); this was applied to 
the skin at the operative site over the linen towels. Vi-Drape 
(Parke, Davis & Co.) was the plastic ring wound drape tested; 
this was placed through the wound itself, the ring being permit- 
ted to expand against the inner aspect of the abdominal wall 
and the drape being drawn over the wound surfaces. In a control 
group linen towels alone were used. At the completion of 
each operation, before wound closure, bacteriological swabs 
were taken from one wound edge. All specimens were placed 
in a transport medium and taken to the laboratory immediately 
for aerobic and anaerobic culture. In those patients in whom 
plastic drapes were also employed a small segment of drape, 
adjacent to the wound edge, was also taken for bacteriological 
examination. A standard two-layer method of wound closure, 
using continuous chromic catgut and monofilament nylon, 
was employed in the majority of cases. An adhesive dressing 
was applied to every wound. 

Wounds were inspected daily after the third postoperative 
day and at least one of the following criteria was used to 
identify the presence of infection: 

1, Erythema around the sutures or along the wound edge 
with an accompanying pyrexia. 

2. Discharge of exudate or pus from the wound. 

3. Wound breakdown. 

If infection was considered to exist, bacteriological swabs 
were taken and sent for immediate culture. Patients receiving 
preoperative antibiotics (with the exception of non-absorb- 
able sulphonamides used for bowel preparation) were not 
included in the trial. 


Results 

There were 62 males and 82 females in the trial. 
Wound infection occurred in 26 cases giving an overall 
infection rate of 18 per cent. Infection rates for males 
and females were 23 and 15 per cent respectively. 


Influence of wound drapes on infection rate 
There were 47 patients in the control group, 51 
treated with adhesive drapes and 46 with ring drapes. 
The use of either type of plastic drape did not signi- 
ficantly affect the wound infection rate (Fig. 1). 

The various surgical procedures were subdivided 
into the following groups: 

1. ‘Clean’ operations, in which the gastro-intestinal 
tract was not opened and pus was absent. 
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Fig. 1. Incidence of wound infection in the control, 
adhesive drape and ring drape groups. Shaded areas 
indicate wound infections. 
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Fig. 2. The influence of the type of surgical procedure 

and the use of plastic wound drapes on the incidence of 
wound infection. Shaded areas indicate wound infections. 
C, Control; A, adhesive drape; R, ring drape. ** Significant 
(P<0-01) difference between wound infection rates in 
colonic and rectal and control groups. 


2. Procedures in which the upper gastro-intestinal 
tract and/or the biliary tract were opened. 

3, Operations on the colon or rectum. 

The overall wound infection rates for these groups 
were 10, 12 and 46 per cent respectively. Not surpris- 
ingly, the infection rate in the colonic and rectal 
surgery group was significantly greater than that of 
the other two groups (y* = 14-4; P<0-01). When 
these groups are considered separately, it is seen 
that the use of either type of plastic drape failed to 
influence the wound infection rate (Fig. 2). Even in 
the potentially dirty colonic and rectal procedures 
the infection rates in each of the drape groups did 
not differ significantly from that of the control 
patients. However, the number of infections in each 
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Fig. 3. The incidence of positive wound and drape swabs. 
Shaded areas indicate positive bacteriological cultures. 

** Significant (P<0-01) difference between the positive 
culture rates in the drape and control groups. 
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Fig. 4. The incidence of positive wound and drape swabs 
in those wounds which subsequently became infected. 
Shaded areas indicate positive bacteriological cultures. 


group is too small for meaningful statistical analysis, 
there being, for example, only 5 wound infections 
among the colonic surgery patients allocated to the 
control group. 


Bacteriological examination of wound and drape swabs 
Positive operative wound swabs were obtained in 32 
per cent of the total number of patients examined. 
This did not differ significantly from the positive 
swab rate in both the control group and the plastic 
drape groups. As the results in the adhesive and ring 
drape groups were almost identical these figures have 
been pooled together for simplicity (Fig. 3). Wound 
swab data were available on a total of 103 cases. 


When bacteriology was performed on a piece of 
adhesive or ring drape, a positive culture rate of 53 
per cent was obtained. This figure was significantly 
greater than the wound swab positivity rate in the 
control group (77 = 9-0; P<0-01). 

In 68 per cent of wounds which became infected 
the operative swab was positive, compared with 24 
per cent in those not developing a wound infection 
(Fig. 4). Almost identical results were obtained in 
the control and drape groups and also with respect to 
culture of the drape material itself. 

Thirteen of the 33 patients (39 per cent) with a 
positive wound swab subsequently developed a wound 
infection (Fig. 5). This contrasts with the wound 
infection rate of 8-6 per cent in those with a negative 
culture (y* = 14; P<0-O1). It is of interest that in 10 
of these 13 cases of infection, there was an excellent 
correlation between the organism cultured at opera- 
tion and that subsequently grown from the wound 
infection. Eight of these 10 swabs grew coliform 
organisms. 

In the control subjects 67 per cent of those with a 
positive operative wound swab became infected, 
compared with only 23 per cent of those with a 
positive culture of the drape material. This difference 
is significant (y? = 4-8; P<0-05) (Fig. 5). 

In several patients treated with the ring drape some 
degree of difficulty of access to the upper abdomen 
was encountered as a result of the presence of the 
ring. In one case the rigid edge of the ring caused a 
small laceration in the left lobe of the liver. 


Discussion 

The overall incidence of wound infection in our series 
was 18 per cent. This figure is similar to that reported 
by Maxwell et al. (1969), but compares unfavourably 
with the figure of 12 per cent recorded by Alexander- 
Williams et al. (1972). 

The results of our study provide support for the 
view that adhesive and ring wound drapes do not 
significantly reduce the wound infection rate of 
patients undergoing abdominal surgery. It is of 
interest that this failure to confer any benefit with 
respect to wound infection was seen in clean opera- 
tions, procedures on the upper gastro-intestinal tract 
and also in potentially dirty operations on the colon 
and rectum. It is in this third group that one might 
reasonably expect the plastic ring drapes to offer 
some help in reducing wound contamination with 
gut organisms and thereby lower the wound infection 
rate. Our findings are in agreement with those of 
Maxwell et al. (1969) and Alexander-Williams et al. 
(1972) but are in marked contrast to those reported 
by several other workers. Maxwell and his colleagues 
reported the results of a controlled trial comparing 
wound infection rates in patients treated with adhe- 
sive plastic drapes with others treated with both the 
plastic adhesive drape and the Vi-Drape wound pro- 
tector. This study was not, however, strictly random- 
ized, as a third group of control patients in which 
standard linen towels were used was added later. How- 
ever, neither type of plastic wound drape was found 
to influence significantly the wound infection rate. 
Alexander-Williams was unable to demonstrate a 
difference in the rate of wound infection between 
patients treated with a Vi-Drape ring protector 
and who were not (Alexander-Williams et al., 
1972). 
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Impervious wound liners of the Vi-Drape type were 
shown by Harrower (1968), in a prospective trial, to 
be associated with a wound infection rate of 2-4 per 
cent compared with that of 15 per cent in the control 
group. Similarly, Ellis et al. (1969) found an incidence 
of wound infection of 23 per cent in the control group 
compared with a wound infection rate of only 3 per- 
cent in the group with Vi-Drape wound protectors. 

In our study the bacteriological culture of a wound 
swab taken at operation was positive in 32 per cent 
of cases. The presence of a plastic wound drape did 
not influence this positive culture rate, but a higher 
positive culture rate was obtained when the drape 
material itself was cultured. The significance of this 
finding is not clear, but it is of interest that Raahave 
(1974) found a statistically significant difference 
between the bacterial densities on and under a wound 
drape of the Vi-Drape ring type applied in laparotomy 
wounds. These results suggested that the application 
of an impervious ring wound drape should, on theo- 
retical grounds at least, have a beneficial effect with 
respect to contamination of wound surfaces with 
organisms and subsequent infection. When adhesive 
plastic drapes applied in clean operations were exam- 
ined, no significant difference in bacterial density 
with and without the drape was found. 

Our results have indicated that when a positive 
operative swab is obtained a wound infection will 
develop in 39 per cent of cases. For the control group 
alone 67 per cent with positive operative swabs de- 
veloped an infection, but numbers of cases in this 
group were relatively low. Although a higher positive 
culture rate was obtained when the drape material 
itself was examined bacteriologically, a wound infec- 
tion developed in only 23 per cent of those with a 
positive swab. Therefore, the positive culture of an 
operative wound swab has some predictive value with 
regard to the probability of the patient subsequently 
developing a wound infection. The predictive value 
of a culture of the drape material itself is less apparent. 
But of much more importance we feel is the excellent 
correlation of 10 out of 13 swabs where the organism 
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cultured at operation and that subsequently cultured 
from the wound infection were identical. Therefore, 
when a wound infection does develop, instant, precise 
bacteriology is available from the wound swab data. 
If a decision to use antibiotic therapy is made at this 
stage, then a more rational approach to the choice 
of agent can be employed. 

In conclusion, we believe that plastic wound drapes 
have very little benefit to offer in the prevention of 
wound infection following abdominal surgery, but 
the adhesive type of drape does have the advantage 
of holding linen towels in place without the use of 
metal clips. This may be of particular value when 
radiological procedures, such as operative cholangio- 
graphy, are being employed. 

The ring protector type of drape did not seem to 
offer any particular advantage even in potentially 
contaminating procedures. However, it is possible 
that a larger number of cases may yield more favour- 
able results with respect to wound infection. 

It has been suggested that these drapes may 
prevent malignant seeding into abdominal incisions 
(Alexander-Williams et al., 1972). We have no data to 
confirm or refute this statement. 

The ring type of drape may occasionally have dis- 
tinct disadvantages, which may include difficulty of 
access and even damage to intra-abdominal viscera. 
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Does the peritoneum need to be closed at laparotomy ? 


HAROLD ELLIS AND ROBERT HEDDLE* 


SUMMARY 
Closure of vertical laparotomy wounds was randomized 
between a two-layer technique of continuous catgut to 
peritoneum and continuous nylon ta sheath and a 
one-layer technique in which the peritoneal suture line 
was omitted. In 162 two-layer closures there were 4 
burst abdomens and 7 wound hernias (6-8 per cent 
wound failures); in 164 one-layer closures there were 
5 burst abdomens and 7 hernias (7-3 per cent failures). 
Of 21 patients in this series with jaundice, the abdo- 
minal wounds dehisced in 3, and 4 patients developed 
incisional hernias (33-3 per cent failures) compared 
with a 5-2 per cent failure rate in the 305 non-jaundiced 
patients (P<0-01). 

Closure of the peritoneum as a separate layer, as 
widely advised and practised, appears to play no signi- 
ficant role in the healing of the laparotomy wound. 


Most surgeons believe that the peritoneum must be 
sutured in the closure of an abdominal incision. A 
dozen current standard English and American text- 
books of operative surgery stress the importance of 
this manceuvre. Yet we know from clinical observa- 
tion and from animal studies that raw peritoneal 
defects heal rapidly (Ellis, 1962): we know that in 
fat, straining patients with poor tissues peritoneal 
stitches often tear through as fast as they are inserted 
with no obvious later deleterious effects; and we 
know also that some surgeons heretically fail to 
observe the rules and leave the peritoneum unsutured 
without apparent disaster. 

Undoubtedly, the question is of some importance. 
If leaving the peritoneum open makes no difference 
to abdominal wound healing then an unnecessary 
routine can be given up and the occasional consider- 
able difficulty in obtaining peritoneal closure can be 
avoided. If, in contrast, it were to be shown that 
there is a higher incidence of wound failure when the 
peritoneum is not sutured, then this procedure must 
obviously retain its present sacred role in laparotomy 
closure. 

We have been unable to find reports in which the 
need for peritoneal closure has been submitted to 
the discipline of a clinical trial, yet obviously this is 
the only way to provide a definitive solution to the 
problem. We have therefore undertaken such a study 
and have compared the incidence of burst abdomen 
and of incisional hernia in a prospective and random- 
ized study of patients whose laparotomy wounds 
were sutured in an identical manner, differing only 
in the one respect of whether or not the peritoneum 
was sutured. This has been supplemented by a labora- 
tory study in the rabbit of closure of laparotomy 
wounds in one or two layers. 


Patients and methods 

Over an 18-month period from the end of June 1975 to the 
end of December 1976 all adult patients in the Surgical Unit 
at Westminster Hospital undergoing laparotomy through 
vertical incisions were randomized by means of random 
number lists into two groups. 

_ Group A (two-layer closure) had the peritoneal layer 
sutured with a No. 1 continuous chromic catgut which, in 


the case of paramedian incisions, incorperated the posterior 
rectus sheath. The anterior rectus sheath or the linea alba 
was closed with No. 2 monofilament nylon using a continuous 
double length. Care was taken to obtain wide bites of the 
sheath, at least | cm from the edge of the incision. To achieve 
this, a hand-held $ cutting needle was employed. The skin 
was Sutured with fine interrupted nylon. Deep tension sutures 
were not employed. Drains, when used, were inserted through 
a stab wound away from the main incision, and a colostomy 
or ileostomy, when performed, was also fashioned through a 
separate incision. Ampicillin powder, 500 mg, was instilled 
into the superficial layers of the wound if the alimentary 
canal or its adnexas or the urinary tract had been opened 
during surgery (Stoker and Ellis, 1972). 

In group B (one-layer closure) the wound was closed in an 
identical manner except that the catgut peritoneal Jayer was 
omitted. 


Table I: COMPARISON OF THE PATIENTS 
ALLOCATED TO THE TWO WOUND CLOSURE 
GROUPS 





Factor One-layer Two-layer 
Total no. patients 175 168 
Total no. available for follow-up 164 162 
Male 74 86 
Female 90 76 
Average age (yr) 54-7* 54-7 + 
Median incision 72 66 
Paramedian incision 92 96 
Obesity 60 51 
Jaundice 12 9 
Malignancy 35 49 
Chest infection 27 33 
Heus 17 16 
Emergency operation 15 18 
Postoperative infection 20 13 
Senior surgeon 85 66 
Junior surgeon 79 | 96 2 
* + 95-2. sd. 
¥ = 14-3. sd. 


The two groups are comparable apart from the slightly higher 
proportion of patients in the two-layer closure group with 
malignant disease, which just reaches significance (P >> 0-05). 


Age, weight, body build, site and type of incision, pre- and 
postoperative complications, wound bacteriology and the 
bacteriology of any postoperative wound exudates were re- 
corded, together with the status of the surgeon who per- 
formed the wound closure. The patients were reviewed at 1, 
3, 6 and 12 months, at which time the presence of any infec- 
tion, discharging sinus or wound herniation was carefully 
recorded. 

Post-mortem examinations were carried out on the majority 
of patients dying in the early postoperative period and this 
included a careful study of the abdominal wound, both with 
the naked eye and histologically. 

A total of 343 patients was entered into the trial. Ten died 
within the first 10 days following surgery and a further 7 
patients were submitted to re-exploration for obstruction, 
infection or other complications in the early postoperative 
period. These }7 patients have been excluded, leaving 326 
patients for analysis; 162 were in the two-layer and 164 were 
in the one-layer group. 


* Surgical Unit, Westminster Hospital, London SWI. 
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Table If: INCIDENCE OF WOUND DEHISCENCE 
AND HERNIATION 


One-layer Two-layer 
{Peritoneum open) (Peritoneum closed) 
No. of cases 164 162 
Dehiscence 5 (3-08) 4 (25%) 
Wound hernia 7 (4°3%) 7 (43%) 
Total wound failures 12 (7:3%) 11 (6:8%) 


Table Hi: INCIDENCE OF WOUND FAILURE 
RELATED TO SOME SUGGESTED 
AETIOLOGICAL FACTORS 


Factor No. of patients Failure rate (%) 

Total 326 7 
Male 160 10-6 
Female 166 3-6 
Median incision 138 8-7 

. Paramedian incision 188 5-9 
Obesity lit 11-7 
Jaundice 2) 33-3* 
Malignancy 84 8:3 
Chest infection 60 18-3 
Heus 33 18-2 
Emergency operation 33 12-1 
Postoperative infection 33 21-2 
Senior surgeon 151 4 
Junior surgeon 175 9-7 


* Only jaundice reaches statistical significance (P > 0-01). 


Table IV: JAUNDICE AND WOUND FAILURE 


Jaundiced Non-jaundiced 
No. of cases 21 305 
Dehiscence 3 (143%) 6 (2:0% 
Wound hernia 4 (19%) 10 (3°3°% 
Tota! wound failures 7 (33-3%) 16 (52%) 
Table V: RABBIT LAPAROTOMIES 

One-layer Two-layer 

_(Peritoneum open) (Peritoneum closed) 

No. of animals 12 il 
Tensiometry (day 7) 1i-O0kg+3-°3 12-4 kg+3-7 
Adhesions to scar 3 4 


The two groups were well randomized as regards age, sex, 
type of incision, type of patient and complications (Table I) 
except for a slightly higher proportion of patients in the two- 
layer group with malignant disease (P<0-05). 


Results 
There were 4 total wound disruptions (2:5 per cent) 
in the two-layer group and 5 (3-0 per cent) in the 
one-layer group. To date, 7 patients (4-3 per cent) 
have developed an incisional hernia in the two-layer 
and 7 (4-3 per cent) in the one-layer group (Table II). 

A total of 140 patients has been followed up for at 
least 6 months since operation and it is interesting 
that 10 of the total of 14 hernias were detected within 
3 months of surgery. There has thus been a total of 
11 (68 per cent) wound failures in the two-layer 
group and 12 (7:3 per cent) wound failures in the one- 
layer group to date. These differences are not signi- 
ficant. 

A study of the wound failures showed some inter- 
esting features. Possible aetiological factors are shown 
in Table HI. 


Of particular importance was the presence of jaun- 
dice at the time of laparotomy. There were 21 patients 
jaundiced at the time of surgery, among whom 3 de- 
veloped a burst abdomen and 4 an incisional hernia. 
These are in contrast to 305 patients undergoing 
laparotomy who were not jaundiced in whom there 
were 6 burst abdomens and 10 incisional hernias 
(Table IV). This difference of 33-3 per cent wound 
failures in jaundiced patients compared with 5-2 per 
cent in non-jaundiced patients is significant (P< 0-01). 

Although male sex, closure performed by junior 
staff, obesity, postoperative chest infection, ileus and 
wound infection all produced a relatively high inci- 
dence of wound failure, these trends failed to reach 
statistical significance. However, complications seldom 
occur singly. If we consider jaundice, obesity and the _ 
postoperative complications, not a single example 
among the 23 wound failures occurred without at 
least one of these factors (8 patients); in 11 patients 
two factors co-existed and in 4 patients there were 
three factors. If we consider the 7 patients with jaun- 
dice who suffered wound failure, 3 had no other 
factor, 2 had one factor and 2 had two factors in 
addition to the jaundice. 

Only 2 patients, both with abdominal dehiscence, 
were on long term steroid therapy. 


Experimental study 

New Zealand white rabbits weighing between 25 
and 3-1 kg were used. Under ether anaesthesia a 
10-cm right paramedian rectus splitting incision was 
made. In 11 animals the peritoneum was sutured with 
continuous 4/0 catgut. Interrupted 3/0 nylon sutures 
at 0-5-cm intervals were used to close the rectus 
sheath together with the split rectus muscle and the 
skin sutured with interrupted black silk. In the second 
group of 12 animals, an identical closure technique 
was employed apart from leaving the peritoneum 
open. 

The animals were killed on the seventh postopera- 
tive day. The extent of adhesion formation was noted 
and recorded photographically. Wound healing was 
measured by tensiometry of a 5-5-cm strip of the 
wound with skin excised using a Monsanto bench 
tensiometer. The sutures were left in situ and the end- 
point at which disruption occurred was measured. 
A full-thickness segment across each wound was 
studied histologically. 

As shown in Table V, there was no significant 
difference between the tensiometric findings or inci- 
dence of adhesions in the two groups. The histological 
appearances were similar with the one- and two-layer 
closures. 


Discussion 
Our clinical study has failed to reveal any obvious 
differences between the healing of laparotomy wounds 
with the peritoneum sutured or left open. Nor have 
we observed, in those patients coming to post-mortem 
or later re-exploration, any noticeable difference in 
the incidence of adhesions to the laparotomy wound. 
Comparable results have been observed in our rabbit 
experiments. Based on these studies, we conclude 
that closure of the peritoneum has little relevance to 
the subsequent strength of the laparotomy scar. 

We have been unable to find other clinical studies 
on the importance or otherwise of the peritoneal layer, 


although a recent paper by Karipineni et al. (1976) 
records similar bursting strength of abdominal 
incisions in two groups of nine dogs in which the wound 
was closed with and without peritoneal sutures. 

Our study reveals two other features which seem 
worthy of comment. First, the relatively high rate of 
wound failure using continuous nylon closure, which 
is probably the method most commonly employed in 
the United Kingdom, and secondly, the importance of 
certain factors in the development of burst abdomen 
and incisional hernia. 

Recent papers on abdominal dehiscence, published 
over the past decade, usually give an incidence of 
between 1 and 3 per cent in vertical abdominal inci- 
sions (Higgins et al., 1969; Mendoza et al., 1970: 
Reitamo and Moller, 1972; Keill et al., 1973: Irvin 
et al., 1976). Figures on incisional hernia are less 
easy to come by, but Blomstedt and Welin-Berger 
(1972) note a 10 per cent incidence following 279 
cholecystectomies. In our own series there has been 
a 2-8 per cent incidence of burst abdomen and a 4:3 
per cent incidence of incisional hernia. Since only 43 
per cent of our patients have to date been followed 
up for 6 months or more, it may be that further 
incisional hernias may yet develop. Our series was, 
in fact, entirely unselected and included emergency 
operations and re-opening of previous incisions. 

Numerous factors have been held responsible for 
wound failure and reports are conflicting in this 
respect. Many of these papers are based on retro- 
spective studies. Alexander and Prudden (1966) blame 
chest complications, distension, haematoma and infec- 
tion. Baggish and Lee (1975) indict chest infection, 
distension and steroid therapy but exonerate obesity, 
haematoma, infection and diabetes in their gynaeco- 
logical patients. Guiney et al. (1966) discount the 
importance of the type of suture material employed 
but blame antecedent preoperative cough, distension, 
sepsis and vomiting, as does Hampton (1963). Trap- 
nell and Anderson (1968) record an 8 per cent inci- 
dence of burst abdomen in patients with pancreatitis 
submitted to laparotomy. Irvin et al. (1976) found a 
higher incidence of wound failure in the hands of 
surgeons in training and Pitkin (1976) noted a tenfold 
increase in deep wound separation in obese compared 
with normal women undergoing hysterectomy. Efron 
(1965) and Lehman et al. (1968), as well as other 
writers, point out that so often the causes are multi- 
factorial, and this also appears to be so in this present 
study. 

It is interesting that in our own series there were 
3 burst abdomens and 4 incisional hernias in a small 
group of 21 patients operated on in the presence of 
jaundice. We have previously shown (Bayer and Ellis, 
1976; Ellis, 1977) that the healing of the abdominal 
incision in rats is seriously impaired in animals ren- 
dered jaundiced by common duct ligation and 
division. Surprisingly, we have been unable to find 
reports of any other comparisons between the 
healing of wounds in jaundiced and non-jaundiced 
patients. 

Apart from jaundice, none of the other factors we 
investigated alone reached statistical significance in 
the aetiology of wound failure. 


The ideal technique 
Careful prospective studies in recent years are greatly 
advancing our knowledge on prevention of wound 
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breakdown. Catgut as an exclusive suture material 
has now been shown to be associated with an un- 
acceptably high rate of wound failure (Tagart, 1967; 
Kirk, 1972; Goligher, 1976: Leaper et al., 1976). 
Dudley (1970) and Jenkins (1976) have put forward 
theoretical arguments supporting the value of non- 
absorbable sutures which include all layers of the 
abdominal wall apart from skin and which incorporate 
wide bites of tissue on either side of the line of the 
incision. When put to practical test, this technique 
has not been found wanting. In paramedian elective 
laparotomies, Goligher (1976) reported one burst 
abdomen and no hernias in 108 cases using all-coats 
interrupted wire sutures; Kirk (1972) had no burst 
abdomens in 186 laparotomies closed with continuous 
all-coats nylon; Martyak and Curtis (1976) had neither 
hernias nor burst abdomens in 280 midline wounds 
closed with all-layer continuous nylon; and Jenkins 
(1976) recorded a remarkable achievement of only. 
| burst abdomen in a series of 1505 closures with this 
technique. 

Because of the extremely encouraging results re- 
ported in these trials, we have now gone over to the 
use of a No. 2 double nylon continuous suture to 
close the full thickness of the abdominal incision 
apart from the skin, which is sutured separately with 
interrupted fine nylon. Since the beginning of 1977, 
over 50 abdominal wounds have been thus closed 
without a failure. We are proposing to continue this 
trial, with particular reference to its value in patients 
at major risk of wound breakdown and also in a long 
term study of the incidence of incisional hernia. 
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Rubber band ligation or lateral subcutaneous 
sphincterotomy for treatment 


of haemorrhoids 


Y. ARABI, D. GATEHOUSE, J. ALEXANDER-WILLIAMS AND 


M. R. B. KEIGHLEY * 


SUMMARY 

A randomized trial has been conducted to compare 
treatment for first- and second-degree haemorrhoids by 
rubber band ligation and lateral subcutaneous sphincter- 
otomy. The symptomatic results of both procedures 
were similar at one year, though the initial results of 
sphincterotomy were poor. Eleven patients later required 
haemorrhoidectomy—-S after lateralsubcutaneous sphinc- 
terotomy and 6 after rubber band ligation. Rebanding 
was necessary in Il patients treated by rubber band 
ligation (22 per cent). Immediate complications of pain 
and bleeding were reported in 27 per cent of patients 
treated by rubber band ligation compared with 14 per 
cent after lateral subcutaneous sphincterotomy, whereas 
2 patients developed a fistula after lateral subcutaneous 
sphincterotomy. 

Lateral subcutaneous sphincterotomy was associated 
with a 30 per cent reduction in anal sphincter pressure 
at 4-6 months and the anal pressure was also reduced 
(by 24 per cent) at I year. Rubber band ligation had no 
influence on anal pressure. 

The poor results of lateral subcutaneous sphincter- 
otomy occurred in patients with prolapse and with anal 
pressures of less than 100 cm H,O. Although lateral 
subcutaneous sphincterotomy is a satisfactory means of 
treating patients with first- and second-degree haemor- 
rhoids, it requires admission to a day case unit. For 
this reason lateral subcutaneous sphincterotomy is un- 
likely to be preferred to rubber band ligation in the 
outpatient management of piles. 


THE long term results of conservative therapy for first- 
and second-degree piles indicate that haemorrhoid- 
ectomy can usually be avoided in 90 per cent of 
patients (Hancock and Smith, 1975; Steinberg et al., 
1975; Kaufman, 1976). During the past decade there 
has been an increasing tendency to use minor out- 
patient procedures for treatment of haemorrhoids 
(Leading Article, 1975). Haemorrhoids may be treated 
by reducing mucosal prolapse by injection (Blanchard, 
1928), rubber band ligation (Barron, 1963) or cryo- 
surgery (Lewis et al., 1969), or by reducing the activity 
of the internal sphincter by manual dilatation of the 
anus (Lord, 1969) or lateral subcutaneous sphincter- 
otomy (Notaras, 1971). The rationale of these last 
two procedures is based upon the belief that the 
internal sphincter is overactive in patients with 
haemorrhoids (Hancock, 1976), 

A trial to compare rubber band ligation with manual 
dilatation of the anus has already been conducted in 
this clinic (Hood and Alexander-Williams, 1971). The 
short term results indicated that rubber band ligation 
was significantly more effective. However, over half 
the patients receiving rubber band ligation in this 
study had to attend outpatients at least three 
times Furthermore, manual dilatation has been 
criticized because it is imprecise (Eisenhammer, 1953) 


and may cause anal prolapse in the elderly (Bates, 
1972). 

We have therefore undertaken a study to compare 
multiple rubber band ligation at one outpatient visit 
using the Baron applicator with lateral subcutaneous 
sphincterotomy performed as a day case. 


Patients and methods 

One hundred consecutive patients with first- or second-degree 
haemorrhoids attending the Proctology Clinic of this hospital 
between October 1975 and August 1976 were studied. After 
Interview and proctological examination all patients with 
symptomatic first- and second-degree haemorrhoids were 
allocated by a series of random numbers to treatment by 
rubber band ligation or lateral subcutaneous sphincterotomy. 
Immediately after proctoscopy the activity of the internal 
sphincter was measured by recording anal pressure at 2, 3 and 
4cm from the anal verge using a closed water-filled balloon 
as described by Hancock and Smith (1975). 

Patients allocated to rubber band ligation were treated at 
their first attendance to outpatients by banding above all the 
sites of the primary haemorrhoids. Lateral subcutaneous 
sphincterotomy was performed as a day case under general 
anaesthesia with the patient in the lithotomy position. No 
postoperative dilatation was prescribed and no special instruc- 
tions were given about diet or bulk aperient therapy. — 

Patients were seen 1 month after treatment and reviewed 
4-6 months later. No further elective treatment was per- 
formed within 4 months in order to observe whether minor 
symptoms causing unsatisfactory results improved with time. 
A final follow-up was arranged 1 year after treatment. Anal 
pressure mieasurements were repeated after proctoscopy at 
the follow-up clinic at each visit. 


Results | 
Forty-nine patients were allocated to lateral sub- 
cutaneous sphincterotomy and 51 to rubber band 
ligation. The groups were well matched for age and 
the principle symptoms and the number of patients 
with first-degree haemorrhoids in both groups were 
similar (Table I). Although the maximum anal pres- 
sure was higher in the patients treated by lateral sub- 
cutaneous sphincterotomy than in those treated by 
rubber band ligation, this difference was not statis- 
tically significant. One patient due to be treated by 
lateral subcutaneous sphincterotomy was withdrawn 
from the study since he failed to attend for his 
scheduled operation. 


Immediate complications and time off work | 
Complications occurring within the first 2 weeks of 
treatment were less common after sphincterotomy 
than after rubber band ligation. Pain and bleeding 
were reported in 14 (27 per cent) of the patients treated 
by rubber band ligation. After sphincterotomy, pain 
and bleeding were recorded in 7 patients (14 per cent), 
immediate prolapse in 2 patients and | patient also 
developed an intersphincteric abscess (Table ID. Of 


* Proctology Clinic, The General Hospital, Birmingham. 
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Table 1: COMPARISON BETWEEN THE TWO 
TREATMENT GROUPS 





LSS RBL 
No. 49 51 
Mean age 45-6 47-7 
No. with first-degree piles 14 4 
Mean maximum anal pressure* 1164-394 998-4353 
Principal symptoms 
Pain 10 1 
Bleeding 18 23 
Discharge 4 1 
Irritation 4 3 
Prolapse 13 13 
Overall symptoms 
Pain 32 32 
Bleeding 37 45 
Discharge 18 15 
Irritation 29 19 
Prolapse 29 28 


a E OC eR r e RISE ests Soro 
LSS, Lateral subcutaneous sphincterotomy; RBL, rubber 


the two groups is not significant. 


Table 1: IMMEDIATE COMPLICATIONS AND 


- TIME OFF WORK 


LSS RBL 
| (No. = 49) (No. = 51) 
Immediate complications 
Prolapse 2 0 
Bleeding 5 9 
Pain and bleeding 1 1 
Pain i 4 
Fistula 1 0 
Total 10 14 
Time off work 
None 13 26 
1-3 days & 6 
4-7 days 4 3 
7~14 days 5 4 
<> 14 days 8 1 
Unknown or not working [i 10 


a E ee oaa a a a ee 
LSS, Lateral subcutaneous sphincterotomy; RBL, rubber 
band ligation. 


Table LH: SYMPTOMATIC REVIEW 


Commencement of study i mth 4-6 mth 1 yr* 
LSS 
No. attending: 49 44 46 20 
Improved: no symptoms 8 16 12 
symptoms 23 19 & 
No better & 4t Q 
Worse 4 f 9 
RBL 
No. attending: 31 45 4§ 25 
Improved: no symptoms 30 24 15 
symptoms 9 löt 6t 
No better 6 37 2t 
Worse 0 ST 2T 


LSS, Lateral subcutaneous sphincterotomy; RBL, rubber 
band ligation. 
* Total completing treatment at 1 year was 60; 28 LSS patients 


and 32 RBL patients. 


+ These patients were classified as failures and withdrawn from 
the study. 

t Five patients needed rebanding at 4-6 months and | at 12 
months. 


Table IV: FURTHER TREATMENT NEEDED 





LSS RBL 
At 4-6 months 
Haemorrhoidectomy 4 4 
RBL 4 g 
Fistula deroofed 2 0 
LSS for fissure 0 i 
At 1 year (cumulative data) 
Haemorrhoidectomy i 6 
RBL 4 ll 
Fistula deroofed 2 0 
LSS for fissure 0 l 


LSS, Lateral subcutaneous sphincterotomy; RBL, rubber band 
ligation. 


Table YV: MAXIMUM ANAL PRESSURE 





LSS RBL 

4-6 months (No. = 63) 

Preoperative 1234-34 103429 

Postoperative 94 -+38 1034-37 

Reduction (%) 30-4 (P<0-05) 0 (n.s.) 
i year (No. = 26) 

Preoperative 118-49 1044-32 

Postoperative 90 -4-29 104 +21 

Reduction (%2) 23-7 (P<0-02) 0 (n.s.) 


Pee shh nar led RO IN ANDY HA TERIOR ISN ERNE UI 
LSS, Lateral subcutaneous sphincterotomy; RBL, rubber band 
ligation. 

All measurements are in cm H,O-=s.d. 


Table VI: ANALYSIS OF FAILURES AT 4-6 MONTHS = 
LSS RBL 
Satis- 


Satis- i 7 
factory Failures 


factory Failures 
Presenting symptoms 


Pain 19 0 7 2 
Bleeding 14 2 18 3 
Discharge 4 Q 0 0 
Irritation 3 I 2 0 
Prolapse 6 7 10 3 


Preoperative maxi- 1304.31 108--22* 108+18 1112-30 


mum anal pressure 


LSS, Lateral subcutaneous sphincterotomy; RBL, rubber band 
ligation. 

All anal pressure measurements are in em H,O-:s.d. 

* P<O-OS. 


those in employment, 63. per cent returned to work 
immediately after rubber band ligation compared 
with only 34 per cent following sphincterotomy. Fur- 
thermore, 12 per cent were off work for more than 1 
week after rubber band ligation compared with 33 
per cent after sphincterotomy. 


Symptomatic review 

One month after treatment only 8 of the 44 patients 
(18 per cent) who presented for follow-up after sphinc- 
terotomy stated that they were entirely free from 
symptoms. In contrast, there were 30 asymptomatic 
patients among the 45 who were reviewed 1 month 
after rubber band ligation (67 per cent), and this 
difference is statistically significant (P<0-05, Table 
IID. There were 16 patients who considered that 


treatment had either been of no benefit or detri- 
mental--10 following sphincterotomy and 6 following 
rubber band ligation. 

Ninety-one patients attended for follow-up 4-6 
months after treatment. The number of patients who 
were now asymptomatic after sphincterotomy had 
increased to 16 and the number of patients who were 
completely symptom-free after rubber band ligation 
had fallen to 24. There were 18 patients who were 
classified as failures, in that symptoms were not im- 
proved or had been made worse. There were 4 patients 
in each treatment group who required haemorrhoid- 
ectomy (Table IV). Two patients developed a fistula- 
in-ano after sphincterotomy and one developed an 
acute anal fissure requiring sphincterotomy after 
rubber band ligation. Rubber band ligation was used 
to control minor prolapse in 4 patients after lateral 
subcutaneous sphincterotomy. A second course of 
rubber band ligation was used in 8 other patients. 
However, 5 of these patients had already reported 
improvement in their symptoms and were not there- 
fore classified as failures. The 18 failures were ex- 
cluded from subsequent review because they then 
had other treatment. 

A 12-month follow-up was achieved in only 45 of 
the 60 remaining patients who had completed treat- 
ment more than 12 months earlier. The number of 
symptomatic patients was similar in the two groups: 
4 more patients now considered that they had not 
benefited from treatment—all had been initially treated 
by rubber band ligation—2 of whom had haemor- 
rhoidectomy and 2 further banding. At 12 months 
the number who had had a haemorrhoidectomy after 
sphincterotomy and rubber band ligation was 5 and 
6 respectively. Of the patients treated by rubber band 
ligation at least one further application of elastic 
bands was required in 11 (22 per cent). 


Influence of treatment on anal pressure 

There were 63 patients in whom anal pressures have 
been recorded before and 4-6 months after treatment 
~~33 in the group treated by sphincterotomy and 30 
of those receiving rubber band ligation (Table V). A 
30 per cent mean reduction in anal pressure was re- 
corded 4-6 months after sphincterotomy (P < 0-005), 
but rubber band ligation had no demonstrable effect 
on the anal pressures. 

From a sample of 26 patients a slightly smaller, 
but still significant difference in anal pressure was 
observed 12 months after sphincterotomy, though 
no such difference was seen after rubber band 
ligation (Table V). 


Analysis of failures 

We have tried to analyse the reasons why 18 patients 
seen at the 4-6 month follow-up were classified as 
failures. Seven of the 10 failures after sphincterotomy 
were patients in whom prolapse was the principal 
presenting symptom (Table VI). Only 3 of the 10 
patients presenting with prolapse and treated by 
rubber band ligation had persistent prolapse requiring 
further banding, the remaining failures were all due 
to inadequate ligation of the haemorrhoids at the 
first attendance. The initial pretreatment maximum 
anal pressures were significantly lower in patients who 
were not improved by lateral subcutaneous sphincter- 
otomy than in those who obtained symptomatic 
benefits. 
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Discussion 

Immediate complications of treatment were more 
frequent after rubber band ligation than after sphinc- 
terotomy. Patients treated by rubber band ligation 
should be warned of a one in four chance of bleeding 
or pain within the first 10 days of treatment. Fistula- 
in-ano may be a problem if the mucosa is penetrated 
during lateral subcutaneous sphincterotomy, 

Rubber band ligation is simpler than sphincter- 
otomy, it rarely takes longer than 1~2 minutes and 
all three haemorrhoids may be ligated at the first 
outpatient attendance. Ideally, sphincterotomy should 
not be performed in the outpatient department, prin- 
cipally because of the amount of bleeding that may 
occur. Hence, day case admission is essential, though 
general anaesthesia is not always necessary (Gate- 
house et al., 1977). Therefore it is hardly surprising 
to find that the number of patients off work for | 
week is greater after sphincterotomy than after rubber 
band ligation. 

The symptomatic results of lateral subcutaneous 
sphincterotomy 1 month after treatment appeared 
disappointing. However, the number of asympto- 
matic patients seen 4-6 months after treatment doubled 
and at 1 year the symptomatic results of sphincter- 
otomy and rubber band ligation were indistinguish- 
able. These findings underline the importance of a 
prolonged follow-up in assessing the results and com- 
paring methods. The number of patients requiring 
haemorrhoidectomy after sphincterotomy and rubber 
band ligation was 5 and 6 respectively. Despite at- 
tempts to ligate all the haemorrhoids at the first 
attendance, 22 per cent of patients required at least 
one further attempt at banding. Nevertheless, once 
treatment by rubber band ligation is initiated at the 
first outpatient attendance, even if subsequent banding 
is needed the number of attendances is still less than 
the pre- and postoperative appointments needed for 
patients treated by sphincterotomy. 

Patients who were found to have been unsuitable 
for treatment by sphincterotomy were those whose 
principal presenting symptom was prolapse or in 
whom the measured anal pressures were less than 
100 cm H,O. 

We conclude that it is unlikely that sphincterotomy 
will ever become a popular means of treatment for 
first- or second-degree haemorrhoids. Rubber band 
ligation is a simple, rapid outpatient procedure re- 
quiring no special nursing facilities and using inex- 
pensive equipment. One year after treatment it gives 
results as good as those following sphincterotomy. 
Even though 1 in 4 patients may require further treat- 
ment, rubber band ligation is likely to be the most 
popular and practical method of management. 
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EDITORIAL NOTICE 
Introduction of a correspondence column 


The Editorial Board, in response to many requests, has decided to intro- 
duce a correspondence column. We realize that in a monthly journal 
there may be difficulties in maintaining topicality, but our publishers 
advise us that a page can be reserved sufficiently late in the publishing 
process to allow letters to be published two issues after the initiating 
article or letter. Wherever possible correspondents will be shown the 
contributions of others taking part before they are published, so that 
pairs of letters dealing with both points of view should be published 
together. 

We hope that this innovation, that has often been considered in the 
past, will now prove acceptable to our readers and that as many as wish 
to do so will avail themselves of the facility. 
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The treatment of colonic cancer presenti ng with 


intestinal obstruction 
T. T. IRVIN AND M. G. GREANEY®#* 


SUMMARY 

The factors affecting the prognosis of patients present- 
ing with colonic obstruction caused by carcinoma were 
examined in a retrospective study of 66 patients under- 
going emergency surgery for obstruction, The findings 
in these cases were compared with 176 patients 
with colonic cancer undergoing elective surgical treat- 
ment. 

Obstructed patients had a significantly higher surgical 
mortality (37-9 per cent) than elective cases (11-9 per 
cent). There was a significantly higher incidence of 
lymph node metastases in obstructed patients and those 
who survived surgery had a significantly lower 5 -year 
survival rate (22-9 per cent) than elective cases (41-5 
per cent). Primary resection of obstructing tumours 
was followed by a higher 5-year survival rate (31-8 per 
cent) than staged resections (7:7 per cent), but these 
operations were used selectively and the 5-year survivors 
following primary resection all had tumours of the 
proximal colon, Primary resection and anastomosis of 
the distal colon was associated with a surgical mortality 
of 50 per cent, : 

Further progress in the cure of patients with obstruct- 
ing cancer of the colon may be limited by the aggressive 
nature of the disease, but the use of primary resection 
in these cases should be examined in a prospective 
clinical trial. 


Cases of colonic carcinoma presenting with acute large 
bowel obstruction have a poor prognosis. Several 
studies have shown that obstructed patients have a 
high surgical mortality and 5-year survival rates which 
are substantially lower than those of uncomplicated 
cases of colonic cancer (Chang and Burnett, 1962; 
Loefler and Hafner, 1964; Hickey and Hyde, 1965: 
Dutton et al., 1976). Many surgeons offer little hope 
for any further improvement in the prognosis of 
obstructed cases; Loefler and Hafner (1964), however. 
have suggested that careful attention to the immediate 
surgical care of the obstructed patient may bring about 
a reduction in surgical mortality and an improvement 
in the survival rate, and it is claimed that greater use 
of primary resection of the obstructing tumour may 
result in a more favourable prognosis. Most tumours 
of the right colon are already treated by primary 
resection, but standard surgical practice dictates that 
a staged procedure of preliminary colostomy followed 
by resection of the tumour should be used for obstruct- 
ing growths in the left colon (Goligher, 1975). Accord- 
ing to Fielding and Wells (1974), this delay in resec- 
tion of the tumour may compromise the patient’s 
chances of cure, and these authors favour a more 
aggressive policy of primary resection for tumours of 
the left colon. 

In this investigation, the present authors have 
examined the methods of treatment, the surgical 
mortality and factors affecting the prognosis of 66 
patients presenting with acute large bowel obstruc- 
tion caused by colonic carcinoma. 
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Patients and methods 
The study was a retrospective analysis of the case records of 
66 patients undergoing emergency surgical treatment at the 
Sheffield Royal Infirmary for acute large bowel obstruction 
caused by carcinoma during the period 1966-70. The clinical 
features, pathology and survival rate of these patients were 
compared with 176 cases of invasive colonic cancer under- 
going elective laparotomy in this hospital during the same 
period. Tumours of the rectum were not included in this study. 
Details of the operative findings, surgical management and 
the Dukes’ stage of the tumour in resected specimens of 
colon were recorded, and survival data for all patients were 
obtained from the Regional Cancer Registry. The y? test 
was used in the statistical analysis of the results. 


Results 


Comparison of obstructed and elective cases 

Nature of surgery: Resection of the tumour was 
achieved in 50 patients presenting with obstruction 
(75-8 per cent) and in 146 elective cases (83-0 per 
cent). In some cases tumours were not removed 
because they were judged to be inoperable, because 
the patient had very widespread disease, or, in the 
case of some obstructed patients, because the patient 
failed to survive a preliminary decompression opera- 
tion. In some cases resection was completed despite 
the presence of incurable disease. Inoperable or in- 
curable disease was found at some stage in the surgical 
management of 27 obstructed patients (40-9 per cent) 
and in 70 elective cases (39-7 per cent). 

Surgical mortality: Deaths occurring in hospital with- 
in | month of a surgical operation were classed as 
operative deaths. There were 25 operative deaths in 
obstructed patients (37-9 per cent) and 21 in elective 
cases (11-9 per cent); the surgical mortality in ob- 
structed patients was significantly higher than that 
of elective cases (y? = 20-99, P<0-001). Of the 25 
obstructed patients who failed to survive surgery, 
18 (72 per cent) were over 70 years of age and 16 
(64 per cent) had incurable disease. The certified 
causes of death in these patients are listed in Table I 
and it can be seen that the majority died of cardio- 
respiratory complications. However, peritonitis was 
the cause of death in 9 patients and in 6 this resulted 
from anastomotic dehiscence. In 4 cases anastomotic 
dehiscence followed the primary resection of obstruct- 
ing tumours of the left colon. 

Pathology: Table H shows the pathology (Dukes’ 
stage) of the resected tumours and it can be seen that 
there was a significantly higher incidence of tumours 
with lymph node metastases (Dukes’ stage C) in 
obstructed patients compared with elective cases. 
Survival: The 5-year survival rate of obstructed 
patients after surgical resection of the tumour was 
significantly lower than that of elective cases (Table 
lil). The difference between obstructed and elective 
cases is even more pronounced when the absolute 
5-year survival rates are compared, including the in- 
operable cases and operative deaths. The absolute 





* The University Surgical Unit, Royal Infirmary, Sheffield, 


























742 T.T. Irvin and M. G. Greaney 


Table I: CERTIFIED CAUSES OF SURGICAL 
MORTALITY IN 25 OBSTRUCTED PATIENTS 


Cause of death 


Bronchopneumonia 
Pulmonary embolism 
Myocardial infarction 
Hepatic failure 
Peritonitis 


No. of patients 


12 
2 
l 
l 
gt 





Table VI: SURGICAL MORTALITY ASSOCIATED 
WITH DIFFERENT METHODS OF TREATMENT 
IN OBSTRUCTED PATIENTS 


aremania iA a arm eana e aaam amaa man iaaea 
* Includes 6 cases of anastomotic dehiscence, 4 following 
primary resection. 





Table Il: PATHOLOGY (DUKES STAGE) OF 
RESECTED TUMOURS IN OBSTRUCTED AND 


ELECTIVE CASES 


Obstructed 
Dukes’ stage cases 
of tumour (No. = 50) 
A 0 
B 26 
C 24 (48-0°)* 


Elective 
cases 
(No. = 146) 


16 
84 
46 (31-35%) 





* Significantly higher incidence of Dukes’ stage C tumours in 
obstructed patients (z°= 441; P<0-05). 


Table HI: FIVE-YEAR SURVIVAL RATES OF 
OBSTRUCTED AND ELECTIVE CASES SURVIVING 
RESECTION OF THE COLONIC TUMOUR 





Obstructed Elective 
cases cases 
No. of cases surviving resection 35 . 135 
Five-year survivors 8 (22:9%)* 56 (415%) 


* Significantly lower survival rate in obstructed cases 


(= 411; P<0-05). 


Table IV: DISTRIBUTION OF DIFFERENT METHODS 
OF TREATMENT IN OBSTRUCTED PATIENTS 


Decompression 
Second- 
Primary stage No 
resection resection resection 
No. of cases 32 18 16 
Proximal colon 18 3 6 
Distal colon 14 15 10 


Table V: INCIDENCE OF INCURABLE DISEASE 
AND TUMOUR PATHOLOGY (DUKES’ STAGE) IN 
OBSTRUCTED PATIENTS TREATED BY DIFFERENT 
SURGICAL METHODS 


Decompression 
Second- 
Primary stage No 
resection resection resection 
No. of cases 32 18 16 
Incurable disease 9 (28-1°4 7(38-922)* Tt (68-894) *+ 
Dukes’ stage of 
tumour (resected 
cases): 
0 0 — 
B 20 7 — 
C 12 (37-58%) HGL — 


* Significantly higher incidence of incurable disease in patients 
treated by decompressive operations compared with those 
treated by primary resection (y* = 4-20; P<0-05). 

+ Significantly higher incidence of incurable disease in patients 
treated by decompression alone compared with those treated 
by primary resection (y? > 7-24; P<0-01). 


Decompression 
Second- 
Primary stage No 
resection resection resection 
No. of cases 32 18 16 
Operative deaths 10(31:3%) 5078A) 10 (62-5°%)* 
Proximal colon: 
Cases 18 3 6 
Deaths 3(16-7% 0 3 (500%) 
Distal colon: 
Cases 14 15 Q 
Deaths 7 (50-04 5 (333% 7(70-0%) 


* Significantly higher mortality in patients treated by decom- 
pression alone compared with those undergoing resection of 
the growth (x? = 5-44; P<0-025). 


Table VII: FIVE-YEAR SURVIVAL RATES 
FOLLOWING DIFFERENT METHODS OF 
TREATMENT IN OBSTRUCTED PATIENTS 


Decompression 
Second- 
Primary stage No 
resection resection resection 
No. of patients 22 13 6 
surviving surgery 
Five-year survivors 7 (31-89)* 1 (7-7% 0 


* Significantly higher survival rate following primary resection 
compared with cases treated by initial decompression (y* = 
4:37; P<0-05). 


Table VILL: FIVE-YEAR SURVIVAL RATES OF 
ELECTIVE AND OBSTRUCTED CASES SURVIVING 
SURGERY FOR TUMOURS OF THE PROXIMAL 
OR DISTAL COLON 


Proximal Distal 
colon colon 
No. of obstructed cases sur- 18 17 
viving surgery 
Five-year survivors 7 (38-9%) 19%) 
No. of elective cases surviving 42 93 
surgery 
Five-year survivors 21 (50-0% 35 (37-6%. 


survival rates for obstructed and elective cases were 
21-1 and 31-8 percent respectively (y? = 9-57, P < 0-005). 


Comparison of methods of treatment in obstructed 
cases 

The methods of treatment used in obstructed cases 
were somewhat different for tumours of the proximal 
and distal colon (Table IV). For the purpose of this 
analysis we classified tumours of the proximal colon 
as those which were proximal to the splenic flexure 
and tumours of the distal colon were those which 
were located at the splenic flexure or beyond this 
point. Primary resection with intestinal anastomosis 
was performed in 32 patients, in 18 cases for tumours 
of the proximal colon and in 14 cases for growths in 
the distal colon. Intestinal continuity was restored 
by an ileocolic anastomosis in 15 cases (proximal 
colon) and by a colocolic anastomosis in 17 cases (3 
proximal colon and 14 distal colon). In 34 patients 
the primary treatment comprised either a proximal 
loop colostomy (29 patients) or a side-to-side intes- 
tinal anastomosis (5 patients) to decompress the 


obstruction. However, the tumour was subsequently 
resected at a second-stage operation in only 18 patients. 
Ten patients failed to survive the first operation and 
in 6 cases (3 proximal colon and 3 distal colon) further 
surgery was contraindicated by the presence of ad- 
vanced or inoperable disease. 

Extent of disease and tumour pathology: There was a 
significantly higher incidence of incurable disease 
among the patients who were treated by an initial 
decompression operation and the incidence of in- 
curable disease in those patients who had a staged 
resection of the growth was slightly higher than in 
those who underwent primary resection (Table V). 
There was a higher incidence of tumours with lymph 
node metastases (Dukes’ stage C) in patients treated 
by staged resection compared with those treated by 
primary resection, but this difference was not statis- 
tically significant. 

Surgical mortality: The mortality in patients treated 
by decompression alone was significantly higher than 
that among patients who underwent resection of the 
tumour, but there was no significant difference in the 
mortality following primary and staged resection 
(Table VI). It is apparent, however, that resections 
for tumours of the distal colon were associated with 
a significantly higher mortality than resections of 
the proximal colon. There were 3 operative deaths 
following 21 resections for tumours of the proximal 
colon and 12 deaths following 29 resections for 
tumours of the distal colon (X? = 4-25, P< 0-05). Both 
primary and staged resections of tumours of the 
distal colon were associated with a high mortality. 
Survival: Seven patients survived for 5 years following 
primary resection, there was one 5-year survivor 
following staged resection and there were no 5-year 
survivors after treatment by decompression alone 
(Table VII). The survival rate of patients treated by 
primary resection was significantly higher than that 
of patients who had a decompression procedure as 
their initial treatment. The survival rate following 
primary resection was also substantially higher than 
that following staged resection of the growth, but 
this difference was not statistically significant. All the 
survivors of primary resection had tumours of the 
proximal colon and the only survivor of staged re- 
section had a tumour of the distal colon. Patients who 
survived resections of obstructing tumours of the 
proximal colon thus had a higher 5-year survival rate 
than those who had resections for obstructions of 
the distal colon, and the survival rates in elective 
cases were also rather higher for patients with tumours 
of the proximal colon (Table VIIT). However, these 
differences in the survival rates for proximal and 
see colonic tumours were not statistically signi- 
icant. 


Discussion 

The findings of the present study confirm previous 
reports of the poor prognosis of obstructing carci- 
noma of the colon. In this study the surgical mor- 
tality in patients undergoing treatment for obstruction 
was 37-9 per cent and the absolute 5-year survival 
rate was only 12-1 per cent. These results were signi- 
ficantly inferior to those achieved in the management 
of elective cases of colonic cancer. Previous studies 
have reported surgical mortality rates of 15-39 per 
cent with S-year survival rates of 11-29 per cent in 
obstructed cases (Chang and Burnett, 1962; Loefler 
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and Hafner, 1964; Hickey and Hyde, 1965; Hughes, 
1966; Copeland et al., 1968; Dutton et al., 1976). 
Commenting on the high surgical mortality in 
obstructed patients, Loefler and Hafner (1964) sug- 
gested that improved long term survival rates might 
be achieved by better surgical care and a reduction 
in surgical mortality. However, in the present study 
more than 60 per cent of the patients who failed to 
survive surgery for obstructing tumours had incurable 
disease (Table 1), and it seems unlikely that an im- 
provement in the surgical mortality in obstructed 
patients would have a major impact on long term 
survival rates. The retrospective nature of this study 


. Makes it difficult for us to judge if any significant 


reduction in surgical mortality would be possible, 
particularly since the most common cause of death 
in obstructed patients was cardiorespiratory compli- 
cations. The surgical mortality after staged resections 
was unexpectedly high (Table VI). It is not clear 
whether this was attributable to any particular aspect 
of the surgical management and it may simply be 
an indication of the advanced age or poor general 
condition of some of the patients undergoing these 
operations Hughes (1966) has also noted an unusually 
high mortality in staged resections of obstructing 
tumours. | 

The high surgical mortality was not the only factor 
which determined the poor prognosis of obstructed 
patients. The 5-year survival rate of obstructed 
patients after surgical resection of the tumour was 
significantly lower than that of patients undergoing 
elective surgery for colonic cancer (Table IID, and 
resected tumours in obstructed patients were asso- 
ciated with a significantly higher incidence of lymph 
node metastases (Table II). These findings suggest 
that the poor long term prognosis of obstructed 
cases may be determined by the advanced nature of 
the disease in these patients. 

It has been suggested, however, that the advanced 
nature of the disease and the poor prognosis in 
obstructed patients may partly result from the delay 
in removal of the tumour which occurs when staged 
methods of resection are used. In a retrospective study 
of 50 obstructed patients, Fielding and Wells (1974) 
found that patients who survived primary resection 
of the tumour had a significantly higher 5-year survival 
rate than those treated by staged resection. In a similar 
study of 85 obstructed patients, Clark et al. (1975) also 
found that patients treated by primary resection had 
a rather higher survival rate 3 years after surgery com- 
pared with those treated by staged resection. How- 
ever, the methods of treatment used in these studies 
were not randomly allocated and it is possible that 
the selection of cases for primary resection had some 
influence on the better survival rates following this 
method of treatment. In both studies primary resec- 
tion was mainly used for tumours of the proximal 
or right colon. Similar problems arise in the inter- 
pretation of the results of treatment in the present 
study. Primary resection was used in the treatment 
of 18 of the 27 obstructing tumours of the proximal 
colon and for 14 of the 39 tumours of the distal colon, 
while the remaining cases were treated initially by a 
colostomy or bypass procedure. Bypass procedures 
and several colostomy operations were performed as 
the definitive treatment of incurable or inoperable 
disease. It is apparent that primary resection with 
anastomosis was the treatment of choice for operable 
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tumours of the right colon or proximal transverse 
colon but the factors which determined the use of 
primary resection or staged procedures for tumours 
of the distal colon are quite obscure. A firm judge- 
ment regarding the use of primary resection for 
tumours of the distal colon would therefore be un- 
wise, but it should be noted that primary resection 
and anastomosis of the left colon resulted in a signi- 
ficant incidence of anastomotic dehiscence and a 50 
per cent surgical mortality in this study (Table V1). 
As in the previous studies, however, it was found that 
patients treated by primary resection had a higher 
5-year survival rate than those treated by staged 
resection (Table VII), and this difference was entirely 
due to the survival of patients undergoing primary 
resection for tumours of the proximal colon. Patients 
treated by primary resection also had a lower inci- 
dence of lymph node metastases than those treated by 
staged resection, and it is tempting to conclude that 
the poor prognosis of patients treated by staged 
resection resulted from the delay in removal of the 
tumour. However, an alternative argument may be 
used to explain these results. It is possible that the 
results simply indicate that there was a difference in 
the biological behaviour of tumours of the proximal 
and distal colon. This argument may be supported 
by the finding in the present study of a higher survival 
rate in patients undergoing elective treatment for 
cancer of the proximal colon (Table VHI). Similar 
conclusions may be drawn from the studies of Field- 
ing and Wells (1974) and Clark et al. (1975), but other 
studies have noted either no difference in survival 
following resections of tumours of the proximal and 
distal colon (Dutton et al., 1976) or a worse prognosis 
vas aaa of the proximal colon (Falterman et al., 

Most patients with obstructing tumours of the 
colon have a relatively short history of bowel symp- 
toms before the onset of the obstruction (Irvin and 
Greaney, 1977), and it appears that the benefits of 
surgical treatment may be limited by the aggressive 
biological activity of the disease in many cases. 
Nevertheless, there is clearly a need for a prospective 
clinical trial of the different methods of surgical treat- 





ment in obstructed patients. The findings of the 
present study do not suggest that primary resection 
with immediate colonic anastomosis is a safe method 
of treatment for tumours of the distal colon; a more 
acceptable policy, suggested by Fielding and Wells 
(1974), would be to avoid a primary anastomosis of 
the colon in such cases and simply to exteriorize the 
cut ends of the bowel at the primary operation. This 
method of treatment is worthy of trial in patients 
with obstruction of the left colon. 
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The Guy’s Surgical Training Programme: 


a report on the first 5 years 
IAN McCOLL* 


THis is a report on the working of the Guy's Surgical 
Training Programme which was introduced in {972 
in an attempt to meet the needs of surgical registrars 
by giving them more security and guidance within a 
systematic programme leading to consultancy at an 
earlier age. The scheme was specifically designed to 
solve some of the common problems which trainees 
and their families encounter. These will be discussed 
in turn. 


Security 

On average it is not until the age of 33 or 34 that a 
trainee gains the security of a senior registrarship. If 
this step is not negotiated he has to leave general sur- 
gery either to emigrate or to enter another specialty, 
usually at a disadvantage. There are approxi- 
mately 900 general surgeons in this country and a 
similar number in training in the form of senior 
registrars, registrars, lecturers and research assistants. 
Some competition has advantage but not to this 


extreme degree. There clearly must be a sensible. 


relationship between the number of trainees and 
expected consultant vacancies. The situation is aggra- 
vated by employing too many locums who have even 
less security. It is all too common in many centres 
for senior registrars on taking up a consultancy or 
sabbatical leave to be replaced by a locum for a year 
or longer. 

There have been so many radical changes in the 
Health Service over the past few years that to intro- 
duce yet another is not likely to be popular. We have 
therefore avoided radical change and simply adapted 
the best of the existing practices in an attempt to 
improve the situation. We have tried to answer the 
problem of lack of security by having our trainee 
appointed by a formally constituted senior registrar 
committee at about the age of 27 years just before 
or after passing the final FRCS examination. If the 
trainee proves satisfactory after the first year of pro- 
bation he is kept on and given senior registrarship 
automatically when a position becomes available. 
This arrangement has gone some way to answering 
the problem of insecurity. In order to avoid over- 
production of trainees, about one-third of the posts 
are reserved for those from abroad and from other 
specialties (McColl, 1973). These short term trainees 
stay for 2 or 3 years. 

As far as the unhappy band of perpetual locums is 
concerned, the Guy’s group avoids long term locums 
by forward planning and by always having one trainee 
on sabbatical leave. It might be to everyone’s advan- 
tage if this policy were adopted throughout the UK. 
The present total of approximately 900 trainees could 
be divided into two categories—long term and short 
term. There would be 450 long term posts of those 
training for consultancies in general surgery in the 
NHS and 450 short term posts for those intending 
to specialize or those from abroad sponsored by their 
government or university for a limited period of 
training in the UK. There should be no shortage of 


candidates from overseas provided that they are 
offered a good training programme. 


Frequent moves 

The surgical trainee frequently has to move around 
the country to find suitable posts. This can disturb 
domestic peace and is particularly disruptive where 
there are children of school age. This problem has 
been alleviated by having all eight hospitals in the 
rotation scheme within easy reach of each other. 
This arrangement may not be feasible in all parts of 
the country but does work well in the South-East 
Region. The sabbatical year is planned well ahead, 
minimizing inconvenience, 


Limited range of experience 

Some senior registrars come to the end of their train- 
ing without experience in specialties such as genito- 
urinary, paediatric and vascular surgery. This can 
prove embarrassing when they are appointed to a 
consultant post in a district general hospital. Our 
trainees spend at least half of their training outside 
Guy’s in the other hospitals involved. We try to 
ensure that they all have at least 1 year of experience 
in genito-urinary surgery, 6 months in paediatric 
surgery and adequate experience in vascular, thoracic 
and endoscopic work. To ensure an adequate volume 
of work each surgical firm of two consultants has 
only one trainee. The scheme is integrated with the 
surgical unit allowing at least 1 year for research. 


Selection of trainees 

The selection of the trainees has to be done with great 
care because we are clearly making an important 
decision earlier than usual. The committee comprises 
representatives of the hospitals involved and also the 
regional postgraduate dean. In trying to select the 
best candidate we have in fact selected at least half 
the trainees from hospitals other than Guy’s. All our 
decisions have been unanimous and to prevent the 
organizer of the scheme becoming too influential he 
is a non-voting chairman. 


Personnel 1972-77 

Of the 39 trainees, 8 were already in post when the 
scheme started: 7 of these are now consultants in 
the UK and | has emigrated to the United States. 
Since then 31 have joined the scheme, 17 being perma- 
nent and 14 short term. Those who have short term 
appointments will return to their countries of origin 
or to their specialties. The fate of the 39 is shown in 
Table I. Of the 3 who emigrated, 2 were unmarried 
on leaving the UK and later married Americans. 
The average age of leaving the scheme is shown in 
Table II. The 7 who were already in post in 1971 and 
were appointed to consultant posts had an average age 
of 37 years. The 7 registrars appointed to the new 
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Table 1: FATE OF THE 39 TRAINEES 


Consultants in the UK 14 
Emigrated 3 
Returned abroad 6 
In training 14 
Sabbatical 1 
Rejects 1 
Total 39 


Table 11: AVERAGE AGE ON LEAVING 
No. of Average age 


Position trainees (yr) 

_ Already in registrar post in 1971 7 37 
Registrars appointed to new schemes 7 33 
Emigrated 3 31 





scheme after 1972 and who are now consultants 
achieved their appointment at an average age of 33. 
We therefore have a desirable trend in this respect. 
In order to keep the system running smoothly flexi- 
bility is essential. This has been achieved by allowing 
the registrars taking part to organize their own rota- 
tion wherever this is feasible. So far, the arrange- 
ments have been satisfactory. 


Consultant appointment 
When the trainee applies for a consultant post as 





complete a reference as possible is given. There is no 
attempt to put any pressure on the local hospital 
concerned. The consultant sitting on the committee 
to appoint another surgeon to his hospital does not 
usually wish to be bombarded with telephone calls 
from strangers trying to thrust their protégés upon 
him. The appointments committee should include 
two of the local consultants in order that the hospital 
may be fairly represented. It is they, after all, who 
will have to work with the successful candidate. 


Conclusion 

In summary, the Guy’s Training Programme involves 
earlier selection and security; it tries to be compre- 
hensive by providing experience of all types of surgery 
likely to be required by a future general surgeon. 
Progress has been made in solving some of the prob- 
lems that surgical trainees encounter. 
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Varicocele: a review of radiological and anatomical 
features in relation to surgical treatment 


J. T. HILL AND N. ALAN GREEN* 


SUMMARY 

The patterns of venous drainage of the testis and scrotum 
have been evaluated in patients with varicocele by a 
variety of radiological procedures, including left renal 
venography, and at the time of operation by ascending 
venography and retrograde injection of contrast medium 
into prominent varicosities. These studies have allowed 
classification of the system of veins involved in the 
condition into several groups, including involvement of 
the internal spermatic vein alone, pure cremasteric 
varicocele, mixed internal spermatic and cremasteric 
varicosities in one or both systems with valvular in- 
competence or mere dilatation without apparent incom- 
petence of valves. As a result, an anatomical approach 
to the surgical management of varicocele is suggested 
which attempts to place the operative treatment on a 
more rational basis appropriate to each case. 


PERCIVAL Pott, Senior Surgeon to St Bartholomew’s 
Hospital, London, remarked in 1762: 

The varicocele is a dilatation of the vessels of the scrotum. 
These are of different size in different people and, like the 
blood vessels in other parts, are liable to become varicous, 
but are seldom so much enlarged as to be troublesome unless 
they are the consequence of some disorder of the testicle or 
spermatic chord; when this is the case the original disease is 
what engages our attention and not this simple effect of it: 
and therefore considered abstractedly the varicocele is of 
little or no importance. 

This pathological alteration in the venous drainage 
of the testis, with which all clinicians are familiar, 
occurs in 10 per cent of the normal population (John- 
son et al., 1970). Indications for surgical treatment 
of the condition are few, however, except in the 
management of male subfertility where it has received 
its greatest recognition. Tulloch (1952) pointed out 
that correction of the vascular defect may lead to a 
significant improvement in seminal analysis. It is 
possible that where eradication of the varicocele has 
not been achieved or a subfertile state has not been 
corrected inadequate or inappropriate surgery may 
have been performed. 

Of the operations described for varicocele, those 
most frequently performed are scrotal ligation of 
varicosities, ligation and excision of the radicals of 
the internal spermatic (testicular) veins in the inguinal 
canal or the Palomo operation (1949), in which indi- 
vidual internal spermatic veins are ligated just above 
the deep inguinal ring. 

A better understanding of the venous drainage of 
the scrotum and its contents followed the work of 
Harrison and Hanley (Hanley and Harrison, 1962: 
Hanley, 1966; Harrison, 1966), These authors empha- 
sized the free collateral circulation existing in the 


inguinal and scrotal regions between the pampiniform 
plexus, the cremasteric system of veins related to the 
coverings of the cord and the more superficial vessels, 
such as the superficial external pudendal veins. Their 
studies led them to conclude that there were many 
cases of varicocele in which the internal spermatic 
vein and its pampiniform plexus are perfectly normal 
and that varicosities exist in the cremasteric system. 

The main routes of venous drainage of the testis 
are the internal spermatic vein into the left renal vein 
(or to the inferior vena cava on the right side), the 
cremasteric veins in the cremasteric ‘sleeve’ into the 
inferior epigastric vein and thence to the external 
iliac system (Hanley and Harrison, 1962) and the 
vasal vein into the superior vesical vein (Brown et al., 
1967). Considerable variation in the pattern of venous 
drainage in this region, as in other areas of the body, 
may be significant in relation to the pathological 
venous drainage from the testis and scrotum in vari- 
cocele. 

The concept advocated by Hanley (1966) of cremas- 
teric vein ligation through a direct scrotal approach 
proved relatively successful. More recently, Blandy 
(1976) has commented that results are equally good 
whichever system is attacked. Current opinion (Hen- 
dry et al., 1973) seems to favour the theory that the 
internal spermatic veins are primarily at fault and 
that cremasteric vein involvement follows this whether 
by secondary dilatation and tortuosity or actual retro- 
grade flow in the cremasteric system as well. 

Crucial to any discussions on varicocele, in the 
present authors’ opinion, must be the following fea- 
tures, which clearly do not represent a comprehensive 
list: 

1, The system or systems involved: 

(a) internal spermatic; 

(b) cremasteric; 

(c) mixed internal spermatic and cremasteric; 
(d) any other systems. 

2. The cause of involvement and whether this is 
associated with the presence or absence of valves or 
a valvular mechanism. | 

3. The presence and importance of a collateral 
venous drainage. 

Other factors may be important, for example the 
hydrostatic pressure in the veins and the gradients at 
different levels in the systems detailed above and, in 
subfertility cases, the hormone profiles and tempera- 
ture gradients may play a significant role. 

As with lower limb varicosities, we feel that there 
is room for discussion regarding the appropriate mode 
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Fig. 1. Left renal venogram showing retrograde flow of 
contrast medium into the internal spermatic vein. 


Fig. 2. Left renal venogram showing a valve in the internal 
spermatic vein. 


of surgical treatment and that an anatomical approach 
forms a good basis for such a reappraisal. 

Our studies have evolved over the past 7 years and 
involve three types of radiological investigation; left 
renal venography, operative venography, both through 
the scrotum and the inguinal canal by antegrade injec- 
tion into the distended internal spermatic or cremas- 
teric veins, and retrograde injection of radio-opaque 
dye into the scrotal veins or through the inguinal 
canal into the definitive cremasteric vein. 


Patients and methods 

Left renal venography was performed under local anaesthesia 
in 26 cases by percutaneous femoral vein puncture and cathe- 
terization of the left renal vein via the inferior vena cava 
under vision intensifier control with the patient in the hori- 
zontal position (Fig. 1). Review of these radiographs was 
undertaken to assess the following features: 

1. The angle of entry of the internal spermatic vein into 
the left renal vein and of the latter into the inferior vena cava. 
Such considerable variation occurred as to render this un- 
important in our view in the aetiology of varicocele and it 
will not be discussed further. 

2. The disposition in relation to each other and to the left 
renal vein of the adrenal and the internal spermatic veins 
(Figs. 1, 2). Unfortunately, lack of filling of the adrenal vein 
under the conditions of the examination precludes any useful 
comment. 

3. The presence or absence of valves (or valvular mech- 
anisms) in these systems. An example of a valve just below 
the entry of the internal spermatic vein into the left renal 
vein is seen in Fig. 2. 

4. The degree of retrograde filling of the internal spermatic 
vein by contrast medium. This could be readily observed 
under the conditions of left renal venography. It was felt 
that this might have a bearing on subsequent treatment and 
the results achieved. 

5. The collateral venous circulation of the internal sper- 
matic system with other systems of veins, namely the lumbar 
veins (Fig. 3), the left renal vein (by perirenal communica- 
tions) and the contralateral retroperitoneal veins (Fig. 3). 

Operative venography was performed at the time of defini- 
tive surgery through the scrotum into the most prominent 
vein or veins (Fig. 4). An inguinal incision allowed venography 
and also gave an opportunity to assess the disposition and 
calibre of the pampiniform plexus of veins and the internal 
spermatic vein and also allowed the presence of any valvular 
‘bulges’ to be determined. Furthermore, it was possible to 
observe the definitive cremasteric vein in relation to the back 
of the inguinal ligament and whenever possible to cannulate 
and inject this for venographic studies. The prominence of 
both systems of veins was assessed with the patient flat and 
with a 30° head-up tilt. After cannulation of the appropriate 
veins with either a Portsmouth or a conventional central 
venous pressure catheter, antegrade and retrograde injections 
of 45 per cent Hypaque were performed into one or both 
systems and X-rays were taken. 

The retrograde injection of contrast medium into the cremas- 
teric vein was difficult on many occasions and often proved 
impossible where the vein was of small calibre. Evidence of a 
competent valvular mechanism was noted when the contrast 
medium failed to enter the scrotum (Fig. 5). Free flow of 
contrast down the cremasteric vein from the inguinal region 
into the scrotum indicated valvular incompetence (Fig. 6). 
Histological proof of valves existing both at the level of the 
external inguinal ring or below was obtained by excising 
segments of the cremasteric vein (Fig. 7). Although valves 
were frequently noted in the pampiniform plexus, retrograde 
injection into these veins was easy and confirmed the free 
communication existing between these radicals of the internal 
spermatic vein, the cremasteric plexus, the superficial external 
pudendal systems and femoral veins within both the scrotum 
and inguinal canal. Antegrade injection confirmed drainage 
of the cremasteric system into the external iliac system of 
veins via the inferior epigastric vein (Fig. 4), but only rarely 
was the drainage of what appeared to be the cremasteric vein 
seen entering the internal iliac system as well. 

Cross-communication with the veins on the right side of 
the pelvis through retropubic or sacral veins was seen con- 
stantly on operative venography (Fig. 4) and may provide an 
explanation of the bilateral effect of left-sided varicocele in 
subfertility, particularly in that of cremasteric origin. Variation 
in the venous pattern of the internal spermatic system was 
observed from the level of the pampiniform plexus upwards 
and the disposition of the definitive internal spermatic veins 
varied from a single vein with communications to double or 
even treble veins. 


Results 
The total number of cases available for study was 48 
with a mean age of 30-1 years. Of these, 26 patients 
were subfertile and 9 underwent bilateral vasectomy. 
The remainder had conditions relating to inguinal 
and scrotal pathology and one patient had a sympto- 
matic varicocele in association with a congenital 
anomaly of the left ureter and kidney (Fig. 8). Only 
2 patients had bilateral varicoceles, one of whom was 
subfertile. 

On the basis of the investigations performed, classi- 
fication into three groups was attempted. 

Group 1: operative venography. 

Group 2: left renal venogram and ascending opera- 
tive venography. 

Group 3: left renal venography, ascending opera- 
tive venography and retrograde venography of the 
cremasteric veins. 


Group I 

Twenty-two patients in group 1 were classified on 
the basis of operative venography through the inguinal 
canal and/or scrotum alone. Results are shown in 
Table I. The high incidence of cremasteric varicocele 
(11 out of the 22 cases) was mainly accounted for by 
the greater number of scrotal explorations or greater 
prominence of these veins in this group. One case 
could not be classified owing to technical failure of 
venography. In 2 cases a mixed cremasteric and internal 
spermatic varicocele was felt to be present but no 
comment could be made on the competence or other- 
wise of the valvular mechanism. 


Group 2 

Where left renal and ascending operative venography 
were performed in a series of 14 patients in group 2, 
varicoceles fell into the types shown in Table II. Note 
should be taken of the fact that only 3 cases were of 
pure cremasteric vein type. 


Group 3 . 
In only 12 patients was the full range of our current 
investigations performed, namely left renal venogram, 
ascending operative venography and retrograde cremas- 
teric injection of contrast medium. Classification is 
shown in Table III. It is interesting that only one 
patient could be classified as having a pure cremas- 
teric varicocele with conclusive evidence of cremas- 
teric valve incompetence. In the mixed group we have 
included only those in whom we demonstrated evi- 
dence of definite reflux down the internal spermatic 
vein on left renal venography and entry of contrast 
medium into the scrotum on retrograde cremasteric 
injection. 

Of the 5 unclassified patients in all groups, compe- 
tent mechanism was present in 4 of these cases. In 
addition, 3 patients had unusually large pads of fat 
in the inguinal canal or spermatic cord on explora- 
tion. An overall classification for the total series of 
cases—perhaps not totally reliable without a full 
radiological survey as described in group 3—is shown 
in Table IV. Fifteen of the 48 patients appeared to 
have a cremasteric varicocele but this figure might 
have been reduced had the full range of investigations 
been carried out in every case. 

In order to assess the presence of valves or valvular 
mechanisms in the two main systems, the degree of 
retrograde filling of the internal spermatic vein on 


Varicocele 


veins and free communication with the internal spermatic 
vein. 


Fig. 4. Operative venogram by contrast medium injected 
into the pampiniform plexus after a scrotal incision. 
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Fig. 5. Retrograde cremasteric venogram showing valvular 
competence. 





Fig. 7. Excised section of a cremasteric vein demonstrating 
a valve. 





Fig. 8. Left renal venogram showing a varicose plexus 
Fig. 6. Retrograde cremasteric venogram showing valvular around the ureter with absence of the left kidney and 
incompetence and free flow into the scrotum. free retrograde venous flow in the internal spermatic vein. 


left renal venography and the capability of scrotal 
vein distension with retrograde cremasteric vein injec- 
tion through the inguinal canal was observed. During 
left renal venography retrograde filling was noted in 
varying degrees in 21 out of 26 cases. A slight degree 
of reflux implied filling of the upper centimetre or so 
of the internal spermatic vein and free reflux denoted 
visualization on the vision intensifier control and on 
X-ray films to the region of the iliac crest. Scrotal 
entry and the failure of contrast medium to clear from 
the internal spermatic vein were regarded as evidence 
of gross reflux. Significant reflux occurred, therefore, 
in 15 out of 26 cases (57:7 per cent) under the condi- 
tions of standard left renal venography. 

Retrograde cremasteric vein injection was per- 
formed in 12 cases and the scrotal veins filled in 4 
of these. Undoubted competent valvular mechanisms 
were found, therefore, in 8 cases. Valves were defi- 
nitely seen radiologically in 12 cases but in 3 of these 
they were incompetent. It was possible to demonstrate 
valves in 9 out of 26 left renal venograms and 3 of 
these were incompetent under the conditions of the 
examination. 

Of those cases undergoing surgery, 24 patients 
have been followed up for 5 years or more. In 20 
cases (83 per cent) patients have been completely 
cured of their varicocele following surgery. Thirteen 
patients originally presented with subfertility; 7 of 
these (54 per cent) obtained an improved sperm count 
and satisfactory motility studies following surgery 
and the wives of 6 of these patients (46 per cent) have 
subsequently become pregnant. 

None of our cases has suffered complications from 
the radiological investigations or definite surgery apart 
from temporary haematoma formation. 


Discussion 

Our studies support those of Ahlberg et al. (1965) 
who found valves present in the internal spermatic 
veins of only 54 per cent of males at post-mortem 
examination. Clearly, the absence of a valve in the 
internal spermatic vein is not the sole factor in the 
aetiology of varicoceles. Varicosities certainly do exist 
in the internal spermatic vein in the presence of a 
competent valvular mechanism. 

It is possible that some cases have competent valvu- 
lar mechanisms in both the cremasteric and internal 
spermatic veins but varicosity is due to either an 
anomalous drainage system (Figs. 4, 8) or even a 
localized ‘blow-out phenomenon proximal to the 
entry of the internal spermatic vein into the left renal 
vein, Cremasteric vein incompetence has been shown 
to exist in its own right and also secondary to internal 
spermatic vein incompetence. 

It can be argued that our investigations (particularly 
in group 3 cases) have forced us to ligate the cremas- 
teric vein in the inguinal canal irrespective of the 
competence of its demonstrable valves. However, 
there appears to be a ready means of venous drainage 
through the collaterals below the level of the super- 
ficial inguinal ring into other venous systems with 
competent valve mechanisms. 

Should incompetence be demonstrated in the cremas- 
teric vein, it would seem logical to ligate these radicals 
both in the scrotum and at the junction of the defini- 
tive vein with the inferior epigastric vein on the basis 
of varicose vein surgery to the lower limb, where 
ligation is performed at points of superficial and 
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Table I: CLASSIFICATION OF VARICOCELES BY 
OPERATIVE VENOGRAPHY 


Type of varicocele No. of cases 
Internal spermatic 8 
Cremasteric i 
Mixed 2 
Unclassified Í 
Total 22 


Table H: CLASSIFICATION OF VARICOCELES BY 
OPERATIVE VENOGRAPHY AND LEFT RENAL 
VENOGRAPHY 3 


Type of varicocele No. of cases. 


Internal spermatic 5 
Cremasteric 3 
Mixed 5 
Unclassified 1 
Total 14 





Table III: CLASSIFICATION OF VARICOCELES BY 
OPERATIVE VENOGRAPHY WITH RETROGRADE 
CREMASTERIC VENOGRAM AND LEFT RENAL 
VENOGRAM 


Type of varicocele No. of cases p 


Internal spermatic 5 
Cremasteric 1 
Mixed 3 
Unclassified 3 


Total 12 





Table IV: OVERALL CLASSIFICATION OF 48 
VARICOCELES 


Type of varicocele No. of cases 


Internal spermatic i8 
Cremasteric 15 
Mixed 10 
Unclassified 5 
Total 48 





Table V: RESULTS OF LEFT RENAL VENOGRAMS 
Retrograde filling of 


No. of cases internal spermatic vein 
5 None 
6 Slight 
10 Free 
5 Gross 
Total 26 Significant reflux 15/26 


communicating valve incompetence, When the internal 
spermatic vein is incompetent, we would advocate 
ligation at the level of the deep inguinal ring, thus 
relieving back pressure on a competent cremasteric 
system. Concomitant surgery, in the presence of cre- 
masteric valve incompetence, improves the results and 
presumably allows the flow of blood into other com- 
petent collateral channels. Where there is evidence of 
incompetence in the collateral superficial circulation, 
e.g. superficial external pudendal veins, surgery to 
this system should be an integral part of treatment 
to prevent recurrent varicosities. 

The question of ligation of the internal spermatic 
vein at a higher level is theoretical at this stage of 
our experience. | 
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In subfertile patients, patients with gross internal 
spermatic vein reflux and those with evidence of 
contralateral venous communication in the abdomen, 
a case can be made for ligation at the entry of the 
vein into the left renal vein. Until our continuing 
studies on pressure levels and hormone profiles in 
hormonal analysis are available for critical review, 
we will not venture into this realm of theoretical 
surgery. 


Conclusions 

Radiological investigations have been carried out on 
48 cases of varicocele. One investigation failed because 
of technical reasons. Varicoceles have been classified 
according to their anatomical features into internal 
spermatic, cremasteric, a mixture of both types and a 
fourth group where no valvular incompetence can 
be demonstrated but where varicosities were present 
and thought to be due to an anomalous venous drainage 
causing a functional obstruction to the venous drainage. 
Cremasteric varicoceles, on full radiological investi- 
gation, seemed to be less common than has been 
previously suggested. Surgical treatment of varico- 
celes should be tailored according to the aetiology 
and subsequent classification in each individual case. 
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Closed renal trauma 
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SUMMARY 

A series of 76 cases of closed renal trauma is presented. 
The clinical and radiological features are described 
and the indications for conservative and surgical treat- 
ment discussed. 


THE management of closed renal trauma can present 
major problems to the clinician. Minor renal injuries 
indicated by a normal or near normal intravenous 
urogram can always be managed conservatively; it is 
in the more severe type of renal injury that contro- 
versy and difficulty in management arise. Severe blunt 
injury to the kidney may immediately endanger the 
patient’s life if continuing haemorrhage is not treated 
adequately by transfusion and possibly by surgical 
intervention. Surgical exploration is mandatory if 
continuing renal haemorrhage is not controlled, but 
opinions differ on the management of known severe 
renal trauma which is not immediately life-threaten- 
ing. Abscess formation, renal atrophy, hydronephro- 
sis, calculi and cyst formation may be late sequelae 
of extensive renal trauma, and hypertension may also 
occur——all of which may demand operation after 
recovery from the primary injury. 

Intravenous pyelography (which should be done at 
the earliest opportunity) is, apart from close observa- 
tion of the vital signs, the most important single 
investigation. It establishes the presence and general 
state of the contralateral kidney and, in addition, 
gives some indication of the extent of the renal injury 
and the size of the renal haematoma. 

In severe injuries a pyelogram may be unsatisfac- 
tory in the information it provides, and if the renal 
pedicle is avulsed no pyelographic picture will be 
obtained. If the information from the intravenous 
pyelogram is unsatisfactory, a retrograde pyelogram 
may be performed, but this does not always give more 
information. Renal angiography will provide very 
accurate information on the extent of the renal and 
vascular damage, but whether this is helpful in manage- 
ment is debatable. 

That the decision to operate should be made on the 
basis of radiological findings is not accepted by every- 
one, as very severe injuries can be treated conserva- 
tively. Exploration to repair renal damage and to 
prevent the late sequelae of non-surgical intervention 
has been advocated (Hodges et al., 1951; Chovnick 
and Newman, 1960; Gregg, 1968; Cass and Ireland, 
1973). Others feel that angiography is not indicated 
except in those cases in which the traumatized kidney 
is seen to be non-functioning on intravenous pyelo- 
graphy (Kazmin et al., 1969; Pryor and Williams, 
1975). Some observers advise conservative manage- 
ment even in severe injuries unless there is a risk to 
the patient’s life and state that surgical explora- 
tion should only be carried out when the patient's 
condition shows a progressive deterioration. The criti- 
cism of conservative management is that time is lost 
by unnecessary periods of observation and that many 
of the serious sequelae may not be avoided (Chovnick 
and Newman, 1960; Radwin et al., 1976). It has also 


been shown that early operative intervention to pre- 
vent these late complications may be unnecessary 
and result in a high nephrectomy rate. In a series of 
172 cases of renal trauma, Cass and Ireland (1973) 
had a nephrectomy rate three times greater in those 
kidneys which were explored than in those treated 
conservatively. Moreover, it has been shown that 
long term follow-up results are very satisfactory with 
conservative treatment (Slade, 1971; Pyror and Wil- 
liams, 1975). The incidence of secondary hypertension 


developing also appears to be infrequent. In a series i 


of 52 cases of blunt renal trauma reported by Vermil- 
lion et al. (1971), 2 casesof renal hypertension occurred, 
while Slade (1971), in a series of 151 cases, found 1 
patient who developed late hypertension. 

At the Urological Department, Meath Hospital, 
conservative management of blunt renal trauma has 
been the general approach, and operation has only 
been carried out because of a deteriorating clinical 
situation and in those cases where pedicle avulsion 
has been demonstrated. This study has been under- 
taken to report on the type of renal injury sustained 
and the method of treatment and to assess the long 
term results in those kidneys which were severely 
traumatized. 


Patients and methods 

This study comprises 76 consecutive patients with a diagnosis 
of blunt renal trauma who were admitted to the Urological 
Department of the Meath Hospital, Dublin, in the years 1954- 
75 inclusive, The age and sex of the group are shown in Table 1. 
Sports injuries accounted for 33 cases, 22 were derived from 
falling accidents and the remaining 16 cases were due to road 
traffic accidents. The symptoms on presentation are shown in 
Table IT; it might be noted that 8 patients did not have obvious 
haematuria and 3 patients had no pain or tenderness on the 
injured side. 

The associated injuries occurring in the series are shown 
in Table HI. In this series the left kidney was injured in 49 
cases and the right in 27; there was no patient with bilateral 
renal injury. 


Radiological assessment 

Intravenous pyelography was carried out on every patient; 
this was done where possible before admission to the uro- 
logical department. Apart from its value in indicating the 
presence of both kidneys and the nature and extent of the 
injury, it occasionally revealed a pre-existing renal abnormality 
on the injured side (Table IV). 

In addition to defining to some degree the extent of the 
renal injury, a frequent finding was the presence of a marked 
narrowing and a rigid appearance which was apparent in the 
upper part or along the whole length of the ureter on the 
affected side (Fig. 1). This sign disappeared with recovery 
(Fig. 2) and the ureter returned to normal in all cases.7 

A further finding which has not been commented on widely 
is deviation or dislocation of the bladder, as seen in a cysto- 
gram, away from the side of the injury. This is presumably due 





* Department of Urology, Meath Hospital, Dublin, and 
Department of Surgery, Trinity College, Dublin. 

+ This observation has been brought to cur attention by Dr 
Sholto Douglas, Radiologist at Meath Hospital. While nar- 
rowing of the ureter has been evident in illustrations on previ- 
ously published cases, we have been unable to find any refer- 
ence to it in the literature. 
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Fig. 1. Pyelogram showing narrowing of the right ureter 
associated with renal trauma. 





Fig. 2. Recovery, with the ureter normal. 


to severe retroperitoneal haemorrhage and was noted in 2 
cases. 
Retrograde pyelography was only rarely used as sufficient 


Table I: AGE AND SEX DISTRIBUTION OF 
76 CASES OF CLOSED RENAL TRAUMA 


Age (yr) Male Female 
0-10 7 l 
11-20 29 5 
21-30 21 l 
31-40 4 0 
41-50 l 0 
51-60 3 0 
61-70 2 0 
71-80 2 0 
> 


Total 69 


Table IH: PRESENTING SYMPTOMS 


Haematuria: 68 
Loin pain and tenderness: 48 
Loin pain alone: 16 
Loin swelling: 13 
No pain or tenderness: 3 
No haematuria: 8 


Table Il: ASSOCIATED INJURIES 


Bony fractures: 
Fractured ribs: 
Fractured 12th rib: 
Ruptured spleen: 


Mmm we ~l 


Table IV: PRE-EXISTING IPSILATERAL 
ABNORMALITY 


Hydronephrosis: 6 
Duplex: 3 
Pyelonephritis: | 
Calculi: | 
Solitary kidney: l 


Table Y: RADIOLOGICAL INVESTIGATIONS 


Intravenous pyelography: 76 
Retrograde pyelogram: 13 
Renal angiography: | 
Isotope renogram: l 


Table YI: RADIOLOGICAL FINDINGS 


Normal: 40 (53%) 
Distortion: 12 (16%) 
Disruption: 20 (26%) 
Non-function: 4 (5%) 


Table VII: TREATMENT 


Conservative: 64 (842%) 
Exploration: 

Nephrectomy 4 (5:3%) 

Evacuation haematoma 2 (26%) 
Interval nephrectomy: 

Hydronephrotic $ (66%) 
Interval pyeloplasty: l (1:3%) 
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information was usually obtained from an intravenous pyelo- Table VII: RADIOLOGICAL FOLLOW-UP IN 26 
gram. As an investigation it can be misleading, especially in CASES SHOWING EVIDENCE OF INJURY ON 
those cases where renal artery damage has occurred and the INTRAVENOUS UROGRAPHY ON ADMISSION 


kidney is shown to be non-functioning on an intravenous pyelo- Returned to normal: 15 
gram. In these cases a retrograde pyelogram may be normal. Pelvic or caliceal dilatation: 5 
Angiography is indicated in those cases where non-function Renal atrophy: 5 


of the damaged kidney is shown on an intravenous pyelogram. Pseudo cyst: l 


it may be of considerable use in showing the exact extent of 
the vascular damage. In this series it has been used only infre- 
quently; for the earlier cases it was not available but recently 
we have had recourse to angiography only in one case where 
non-function was demonstrated on the intravenous pyelogram. 
The radiological investigations carried out in this series are 
shown in Table V and the type of injury diagnosed is shown 
in Table VI. 


Management 

The treatment carried out in the 76 cases is shown in Table VII; 
this consisted of the routine treatment of shock, strict bed rest 
and antibiotic cover. Exploration was carried out on clinical 
grounds only and not on radiological evidence alone. The main 
indication for exploration was continued deterioration of the 
patient associated with signs of severe internal haemorrhage. 
in the patients with normal pyclograms the haematuria settled 
in a few days and early discharge from hospital was possible. 
Only 6 cases had immediate exploration, 4 of these had a 
nephrectomy and 2 had evacuation of a haematoma. Of the 
6 patients with pre-existing hydronephrosis, § had interval 
nephrectomy and 1 a pyeloplasty. The average stay in hospital 
for the group was 16-3 days and there were no deaths in the 
series, Transient hypertension was noted in 2 cases during the 
period of observation in hospital. 

The details of the follow-up in 26 cases who had pyelo- 
graphic evidence of injury on admission and who did not 
have a nephrectomy are shown in Table VIII. In most cases 
a ‘study. of the pyelograms shows a remarkable recovery. In 
some cases ‘permanent distortion and damage of the kidney 
were present but appeared to cause no ill effects. These cases 
did not have urological symptoms and only one patient had 
hypertension. 


Discussion 

The series of patients with closed renal trauma de- 
scribed here represents a somewhat selective group in 
that all the cases were treated exclusively in a uro- 
logical department because the predominating injury 
was renal. The results confirm the widely held view 
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that the vast majority of closed renal trauma cases 
can be treated successfully conservatively. The role 
of surgery in the management of closed renal trauma 
is still debatable, and while there is no argument 
about the necessity for intervention in the patient 
whose condition is deteriorating from internal bleeding, 


the argument for immediate surgical intervention e : 
on the basis of the angiographic studies with the idea — 
of preventing long term complications is not well — 


supported in the literature or by the findings of thia: ; 
study. Eo 
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Alpha-adrenergic blockers in prostatism 


P. F. BOREHAM, P. BRAITHWAITE, P. MILEWSKI AND 


H. PEARSON* 


SUMMARY 

Thirty patients awaiting prostatectomy with no history 
of cardiovascular disease were selected for a trial of 
alpha-adrenergic blocking agents. Twenty-seven patients 
completed the trial, 19 of them with unpleasant side 
effects. Eighteen of them found their symptoms were 
improved and 10 showed urodynamic improvement. 


Ar the London meeting of the British Association of 
Urological Surgeons in June 1973, Marco Caine of 
Jerusalem read a paper on his studies of the muscular 
activity of slivers of rat prostate in vitro (Raz et al., 
1973). He and his co-workers had previously shown 
(Raz and Caine, 1972) the presence of alpha- and 
beta-receptors in the dog's urethra and their 1973 
paper confirmed the presence in the rat prostate of 
such receptors sensitive to alpha-adrenergic blockers. 
They carried out an isometric measurement of the 
tension produced by strips of prostatic tissue in 
saline. The experiment showed a definite rise in ten- 
sion in prostatic tissue produced by noradrenaline 
and blocked by phentolamine. They discussed whether, 
if such receptors were also present in the human pros- 
tate, the effect of noradrenaline might in part account 
for some attacks of urinary difficulty or retention 
following stress such as cold, fear, pain or other epi- 
sodes of sympathetic overactivity. The combination 
of such factors during periods of enforced holding of 
urine for social reasons is well known as a precipitat- 
ing factor in cases of acute retention. 

Caine and his colleagues later made similar studies 
of human tissue from the prostate, bladder neck and 
urethra obtained at operation (Caine et al., 1975). 
They showed that the human prostatic capsule and 
the trigone were extremely rich in alpha-adrenergic 
-receptors and the anterior bladder neck, prostatic 
adenoma and urethra only slightly less so. 

They conjectured that variations in the activity of 
such receptors might cause the variations in the 
severity of symptoms noted in those patients who 
have incipient bladder neck obstruction, and they 
anticipated a beneficial effect from the use of alpha- 
adrenergic blocking agents in such patients and even 
in those with retention of urine. 

In 1976 Caine reported illustrative clinical cases 
from a series of 50 where such a beneficial effect 
seemed to have been obtained (Caine et al., 1976). 
He quoted 4 cases of acute retention and 5 of pros- 
tatism, all improved by the use of alpha-blockers. 
The improvement in those with acute retention was 
immediately demonstrated by the passage of urine 
and was confirmed by urodynamic studies and uro- 
graphy as well as by symptomatic relief in the others. 

In September 1976 the present authors decided to 
conduct a trial to confirm or refute such findings. 


Patients and methods 
Our trial involved the use of phenoxybenzamine in cases with 
obstructive urinary symptoms awaiting prostatectomy. Fifty 


such patients were specially examined with a view to including 
them in the trial and 30 were given the drug (the others were 
excluded owing to a history of myocardial infarction, angina 
or hypertension). 

Phenoxybenzamine is a vasodilator marketed under the 
trade name Dibenylline for use in chilblains and some other 
peripheral vascular disorders. It is known to cause a fall in 
blood pressure and produce dizziness and it was considered 
wise to limit its use to those who seemed to have a healthy 
cardiovascular system, although even among these patients a 
proportion complained of dizziness, faintness and headache 
and had to discontinue the drug. 

All patients in the trial were questioned as to their urinary 
symptoms and these were recorded at the start of the trial 
and after 7 days on phenoxybenzamine 10 mg twice daily. 
Most of the patients also had mictiograms taken on a Disa 
mictiograph at the beginning and end of the trial. Many of 
them had already had urograms performed beforehand, 
demonstrating residual urine, a prostatic filling defect in the 
bladder or lower ureteric obstruction; these X-rays were not 
repeated. Those considered fit for the trial were given phenoxy- 
benzamine 10 mg twice daily but were advised to discontinue 
the capsules if they felt severe dizziness or other untoward 
symptoms or to take only one capsule in the evening if they 
had minor symptoms. Several patients voluntarily halved the 
dose for this reason and 3 stopped completely after only one 
or two capsules. It is worth noting that the conduct of the 
trial was entirely non-invasive. 


Results 

Of those completing the course of 7 days on phenoxy- 
benzamine most complained of minor side effects but 
18 said that their urinary symptoms were improved— 
17 markedly so—and all wished to go on with 
the capsules; several said that with the aid of the 
capsules they wished to defer surgery indefinitely 
(Tables I, I). 

It was emphasized to the patients in the trial that 
the capsules were only a palliative treatment to relieve 
symptoms temporarily and by no means a cure or 
replacement for surgery. We found, as did Caine et al. 
(1976), that those who discontinued the capsules had a 
return of their obstructive urinary symptoms within 
a few days but that no late side effects of the drug 
were noticed after taking the drug for several weeks. 
Longer term complications, if any, remain to be 
observed. 

A further trial is under way to discover whether 
the shorter acting intravenous alpha-blocker phentol- 
amine (Rogitine) is effective in relieving acute reten- 
tion. Patients with hypertension or possible myocardial 
ischaemia have again been excluded, as have those 
with uraemia, possible carcinoma of the prostate or an 
atonic bladder. Therefore, only a handful of suitable 
cases has been entered into this trial so far and our 
results to date are mixed and inconclusive. 


Discussion 
It is possible, therefore, that phentolamine intra- 
venously might, in a few cases, relieve acute retention 
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and phenoxybenzamine could maintain normal mic- 
turition and allow more leisurely preparation for 
prostatectomy avoiding the use of a catheter. Such 
management might be especially useful when acute 
retention complicates a respiratory disease, such as 
bronchopneumonia, but would obviously be too 
dangerous for use in the more common retentions 
on the medical ward, e.g. in cardiovascular diseases. 

One could only expect an improvement or relief 
of retention in those cases where adrenergic activity 
(noradrenaline) is precipitating the retention. In others, 
vascular congestion, infection and no doubt other 
factors as well as the mechanical one of the obstruct- 
ing prostate are the causes of the symptoms and these 
conditions could not be expected to resolve with 
alpha-blockers. The prostate consists of fibrous 
tissue, glandular tissue, glandular spaces, corpora 
amylacea, vascular and even perhaps erectile tissue 
as well as smooth muscle. Only the vascular and 
muscular tissue can be affected by alpha-blockers. 

It would probably be worth while to test the effect 
of alpha-blockers in some other types of bladder 
outflow obstruction, for example the neurogenic 
bladder associated with intervertebral disc lesions, 
multiple sclerosis and Parkinson’s disease. 

In our trial using phenoxybenzamine, we have 
shown that the drug produces troublesome, some- 
times serious symptoms even in patients who had 
no real evidence of cardiovascular disease. Only one- 
third of our patients remained free from side effects 
whilst taking the drug (Table II). Evidence of mictio- 
graphic improvement, in particular doubling of the 
maximum urine flow rate and halving of the duration 
of micturition, was always linked (where the records 
are complete) with symptomatic improvement and 
is, therefore, a useful assessment of the efficacy of 
the drug. Symptomatic improvement in micturition 
(usually an increased stream and a reduced nocturnal 
frequency) without mictiographic proof is probably 
in some cases due to a placebo effect. Some of our 
patients were very enthusiastic about the effect of 
the drug in improving their stream and reducing 
their nocturnal frequency (in some cases from four 
times a night to once only), saying they had not 
passed urine so well for 20 years. 

In the trial only 30 out of 50 cases on the waiting 
list for prostatectomy seemed eligible for the drug 
and only 11 had no side effects. Three of these had 
both mictiographic and symptomatic improvement. 
There were also 5 cases with mictiographic and symp- 
tomatic improvement who had some side effects, 
mainly dizziness and lethargy. Some of these said 
their side effects disappeared after continuing the 
drug for a few days and others thought that the im- 
provement the drug gave them far outweighed the 
discomfort of the side effects and they expressed a 
wish to continue with it. 


Conclusion 
Phenoxybenzamine could be used when the following 
conditions apply: 

1. Where there is no evidence of cerebrovascular 
or cardiovascular disease. 
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Alpha-adrenergic blockers in prostatism 
Table 1: DETAILS OF CHRONIC PROSTATISM 
TRIAL 
Total reviewed 59 
No. rejected 20 
No. started on drug 30 
No. discontinued 3* 
No. completing 7-day trial 27 
No. with side effects 19 
No. with improved symptoms 18 
No. with improved mictiogram 10 
No. with no improvement 9 


* Two showed some improvement of symptoms. 


Table Ti: DETAILS OF PATIENTS EXPERIENCING 
SIDE EFFECTS 


No. without side effects li 
No. discontinued drug 3 
No. continuing with side effects 16 
Dizziness 8 
Lethargy 4 
Fainting 3 
Dry mouth 3 | 
No. without side effects and with improved symptoms if sz 


No. without side effects and with improved symptoms 3 
and mictiogram 





2. In patients with benign prostatic hypertrophy : 


with no evidence of malignancy. a 
3. Where there is no sign of renal failure arising 
from obstructive uropathy. | 
4. Where there is a significant waiting list for pros- 
tatectomy. 

The drug should be prescribed initially for a very 
limited period under close medical supervision to 
observe any significant side effects (which might pre- 
clude the use of the drug) and if possible with mictio- 
graphic assessment as a proof of improvement before 
prescribing the drug on a long term basis. 

The present authors are, therefore, able to confirm 
Caine’s findings that some patients (59 per cent in 
our small pilot study) with obstructive prostatic 
symptoms and a normal cardiovascular system will 
find considerable symptomatic and urodynamic im- 
provement from the use of oral alpha-adrenergic 
blocking agents. The result of this pilot study might 
be considered sufficiently encouraging to stimulate the 
initiation of a fully controlled double blind trial, 
possibly in combination with fuller urodynamic 
studies. 
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Neoplasms at the site of ureterocolic anastomosis 


RICHARD A. MOGG* 


SUMMARY 
This paper discusses one of the more uncommon sequelae 


of ureterocolic anastomosis, namely the formation of 


tumours at the site of anastomosis. This is a very rare 
complication and until 1971 the literature recorded only 
28 cases of this phenomenon. This present communi- 
cation adds 2 more cases to the literature—a unilateral 
tumour and bilateral tumours at the site of anas- 
fomosis. 


THE first case of tumour formation following uretero- 
sigmoidostomy was reported by Hammer in 1929, 
the tumour was a colloid carcinoma which developed 
10 years after the original ureterosigmoidostomy. The 
patient was a 60-year-old man who had had this 
operation carried out for ectopia vesicae. Subsequent 
authors have described various types of tumour in 
the colon following this operation; they range from 
adenocarcinoma or transitional cell carcinoma to 
anaplastic tumours and, in addition, adenomatous 
polypi have been described. It is important to appre- 
ciate that tumours may develop at two definite sites: 
at the ureterocolic anastomosis and in the colon in 
the vicinity of the anastomosis. 

Ureterosigmoidostomy has had a chequered career 
and its popularity as a method of urinary diversion 
has waxed and waned, though, of course, it still has 
a place as a method of urinary diversion in selected 
cases. Goodwin (1966) and Jacobs (1967) have been 
staunch protagonists of this operation and more 
recently Corbett and Lloyd-Davies (1976) reappraised 
ureterosigmoidostomy and quoted in its support sur- 
vival of 3 patients for periods of 42, 40 and 19 years 
after operation. Sergeant (1956) also described a 
patient in good health and without any complications 
46 years after the operation. 

The early attempts at ureterosigmoidostomy in the 
late eighteenth, nineteenth and early twentieth cen- 
turies were not encouraging, and it was only with 
the advent of the Coffey operation in 1911 that this 
method of diversion became accepted as a feasible 
one, The most popular operation was the Coffey I 
in which the ureter is invaginated into the bowel, 
there being no attempt to perform a mucosa—mucosal 
anastomosis. The present author believes that this 
method of diversion, in which the ureter is suspended 
in the faecal stream, is obviously subject to recurrent 
ulceration and irritation by the bowel contents, and 
this could be the predisposing factor in the produc- 
tion of neoplasia The actual mechanism which pro- 
duces neoplasia is not fully understood, but it is felt 
that there may be two exciting mechanisms present. 
Isolated tumours occurring away from the site of 
anastomosis must be due to the irritation of the 
colonic mucosa by urine, whereas the tumours 
occurring at the site of anastomosis are due to re- 
peated ulceration and continuous irritation by faecal 
material at the site of the ureteric orifice. Another 
interesting feature is that there is a very long latent 
period between the original ureterocolic anastomosis 
and the development of the tumour. 


An analysis of 28 cases of tumour formation at the 
site of the ureterocolic anastomosis is shown in Table J, 
and it is readily apparent that there is no fixed pattern 
which determines the nature of the tumour. It is 
interesting to note that of the 28 cases analysed in 
Table 1, 19 patients had ureterocolic anastomosis for 
congenital abnormalities. 

The 3 cases which have been under the author’s 
care will be discussed in detail. 


Table I: ANALYSIS OF 28 CASES RECORDED IN 
THE LITERATURE UP TO 1971 


Group I: Adenomatous polyp (8 cases) 
6 congenital lesions (14-30 yr) 
2 malignant (3-7 yr) 
2 TCC of bladder 
Group 2: Adenocarcinoma (12 cases) 
7 congenital lesions 
i interstitial cystitis (17-30 yr) 
4 malignant (6-8 yr) 
3 TCC of bladder 
1 SCC of bladder 
Group 3: Transitional cell carcinoma (3 cases) 
1 congenital lesion (17 yr) 
2 malignant (1-4 yr) 
2 TCC of bladder 
Group 4: Carcinoma of indeterminate type (5 cases) 
5 congenital lesions (10-30 yr) 
3 anaplastic carcinomas 
i scirrhous carcinoma 
1 colloid carcinoma 


TCC, Transitional cell carcinoma; SCC, squamous cell 
carcinoma. 


Case reports 

Case 1: Bilateral ureterocolic anastomosis of the Coffey type 
was performed at the age of 20 for ectopia vesicae together 
with excision of the ectopic mucosa. The patient suffered 
repeated attacks of left-sided pyelonephritis and intravenous 
pyelography showed that renal function on the left side was 
deteriorating rapidly. Fifteen years following the original 
operation the patient developed intestinal obstruction for 
which a preliminary transverse colostomy was performed 
and this was followed by resection of the tumour-bearing 
area in the colon. It was noticed that there was a large colloid 
carcinoma at the site of implantation of the left ureter. The 
right ureter was normal, but there was a small adenoma 
below the entrance of the ureter into the bowel (Fig. 1). 

A resection of the colon to include the tumour-bearing 
area was performed and the right ureter was then reimplanted 
at a site above the anastomosis. The left ureter was divided 
and ligated as the kidney was virtually non-functional. Con- 
valescence was satisfactory and the patient lived an active 
life until death occurred 2 years later from multiple secon- 
dary deposits. At the last operation there was a deposit of 
an adenocarcinoma in one of the mesenteric lymph glands. 
It might be postulated that this was an isolated example of 
carcinoma of the colon occurring in a young person, but the 
incidence of this lesion in young people is in the region of 1 
in 100 000 and in the light of experience of tumour formation 
following ureterocolic anastomosis, it is concluded that the 
tumour developed as a result of the anastomosis. 
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Fig. 3. Case 2. A section of the tumour. 





Fig. 1. Case 1. Resected specimen of a colonic tumour 
and small adenoma. 
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Fig. 2. Case 2. A filling defect seen on a cologram due Fig. 4. Case 2. A section at the site of the ureterocolic 
to the presence of a tumour. anastomosis. 
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Fig. 5. Case 3. Barium enema showing a filling defect in 
the sigmoid colon. 
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Fig. 6. Case 3. A tumour at the site of the right 
ureterocolic anastomosis. 





Fig. 7. Case 3. A tumour at the site of the left ureterocolic 
anastomosis. 
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Fig. 8. Case 3. A section of one of the tumours. 


Case 2: This patient had a complete epispadias for which a 
bilateral ureterocolic anastomosis was performed by the 
Coffey I technique at the age of 6. Approximately 20 years 
later he developed symptoms of a recurrent right pyeloneph- 
ritis and intravenous pyelography showed poor function on 
the right side at this time, the left kidney being normal. In 
the ‘cologram’ it was noted that there was a filling defect, 
which was subsequently shown to be at the site of implanta- 
tion of the right ureter (Fig. 2). 

Laparotomy was performed, but previous surgery and the 
method of ureterocolic anastomosis employed at operation 
precluded any radical resection of the colon. It was therefore 
decided to resect the tumour locally and reimplant the right 
ureter. This was carried out 22 years after the original urinary 
diversion. The patient is now fit and well 14 years after this 
second operation though he has had two severe episodes of 
hyperchloraemic acidosis. The present intravenous pyelo- 
gram shows impaired function on the right side. Sections 
of the tumour show interesting changes (Fig. 3), especially 
the section at the site of the ureterocolic anastomosis, where 
transitional epithelium changes to columnar (Fig. 4). 


Case 3: This patient had a bilateral ureterocolic anastomosis 
performed at the age of 7 for complete epispadias. Again, 
the Coffey I technique was employed and the patient remained 
in excellent health until seen by the author 34 years after the 
original anastomosis with early symptoms of hyperchloraemic 
acidosis. Renal function at this time as judged by pyelography 
was excellent, and the electrolytic imbalance was corrected 
medically. The patient next presented following an episode 
of rectal bleeding 38 years after the original operation and 
he was investigated by sigmoidoscopy by Mr Hilary Wade. 
It was noted there were two polypi in the lower sigmoid and 
a biopsy of these suggested that they were undergoing malig- 
nant change. 

Following this initial investigation the patient next pre- 
sented as an emergency with prolapse of the polypi and a 
portion of the rectum per anum. A barium enema examination 
after reduction of the prolapse showed a filling defect in the 
colon (Fig. 5) and it was decided to explore the lower sigmoid 
with a view to resection of the polypi. This was successfully 
performed, the sigmoid being opened anteriorly and the 
polypi removed without reimplantation of the ureters (Figs. 
6, 7). Initial convalescence was satisfactory, but the patient 
died of a massive pulmonary embolus on the fourth post- 
operative day. Autopsy was not performed. Sections of the 
tumours showed changes of both adenocarcinoma and adenoma 
(Fig. 8). 


Conclusion 

Three cases of tumour at the site of a ureterocolic 
anastomosis are reported—1 bilateral, 2 unilateral. 
The mechanism of this fascinating complication in 
subjects who have had ureterocolic anastomosis for 


congenital abnormalities: presents many problems as 
regards aetiology. As previously suggested, one can- 
not decide whether it is the toxic effect of the urine 
on the colon which produces metaplasia or the effect 
of recurrent ulceration and irritation by the faecal 
stream on the ureteric orifice which is the aetio- 
logical factor. Furthermore, it cannot be explained 
why this only occurs in certain cases. 

The complication of tumour formation in patients 
who have had ureterosigmoidostomy raises problems 
in the follow-up of these cases, and the present author 
feels that, now colonoscopy has become a most im- 
portant diagnostic procedure, these patients should 
have routine examination of the colon in order to 
detect if possible any early neoplastic change. 
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Reviews and notices of books 


A Colour Atlas of Human Anatomy 
R. M. H. McMinn and R. T. Hutchings. 305 x 250 mm. Pp. 
352. Hlustrated. 1977. London: Wolfe Medical. £15-00. 


AMBROISE Paré, that sixteenth-century surgical father, kept a 
dissected body at his side for 27 years ‘so when I wanted to 
make some incision, seeing the parts afresh made me more 
sure in my work’. Few of us today follow his example, yet 
many surgeons, and particularly candidates working for their 
primary FRCS, must wish they had Paré’s dissection by 
them for constant reference. Professor McMinn, the Sir 
William Collins Professor of Anatomy at the Royal College 
of Surgeons of England, together with his senior technician, 
have produced the next best thing; a magnificent colour atlas 
of life-sized photographs of dissections, together with osteo- 
logical, surface and radiological anatomy, which will prove 
of immense help in supplementing textbook studies when 
anatomical specimens are not immediately available. The 
anatomy course at the Institute of Basic Medical Sciences at 
the Royal College is already internationally renowned and 
has done much to spread anatomical knowledge among 
surgeons in training. This superb volume will add lustre to 
its already high reputation and to its teachers, Professor 
McMinn and his colleagues. It can be recommended warmly 
to medical students and practising surgeons but will un- 
doubtedly be of particular value to candidates for the various 
primary Fellowship examinations. 

HAROLD ELLIS 


Endocrinology of Pregnancy 
Edited F. Fuchs and A. Klopper. Second edition. 240 x 155 mm. 
Pp. 387+ xi. 1977. London: Harper & Row, £16-90. 


Tars is a valuable and timely second edition of a book which 
provides a wealth of information on the endocrinology of 
pregnancy. It is edited by two distinguished scientists—one 
from North America, the other from Aberdeen. This certainly 
has advantages, for it ensures that the British and European 
contributions to the subject receive proper recognition. The 
disadvantage, however, is seen in the expression of hormone 
measurements largely in traditional units whereas we, on this 
side of the Atlantic, now use the SI system exclusively. 

In their foreword the editors say that the book ‘deals with 
the effects of pregnancy on all the endocrine glands’. It is 
therefore surprising that the adrenal medulla receives no 
mention and adrenaline and noradrenaline (epinephrine and 
norepinephrine) are not mentioned in the index. Phaeochromo- 
cytomas, their dangers and complex management in pregnancy, 
deserve mention. Other subjects omitted include pituitary 
tumours, Addison’s disease, the adrenogenital syndrome and 
insulinomas. 

Parts of the book seem to be a litte out of date. This may 
be an indication of the excessive slowness of book production 
in these modern times or to incomplete revision of the original 
sections. For example, in the chapter on the “Renin Aldo- 
sterone System in Pregnancy’ two-thirds of the 21 references 
are to articles before 1970 and only 7 refer to articles pub- 
lished after 1970, 2 of which (the most recent) were dated 
1973. It is perhaps also surprising in 1977 to read that hypo- 
thyroidism in pregnancy should be treated with thyroid 
extract. Bromocriptine receives the briefest mention and a 
single reference dated 1972. The importance of clinical obser- 
vation of patients who become pregnant after treatment with 
bromocriptine needs emphasis in a book of this nature. 

It is always easy for a reviewer to be critical of individual 
sections, but a work of this nature stands as a whole and as 
such it provides an excellent survey of the subject. Apart 
from the few omissions mentioned, it provides an authoritative 
and wide-ranging review and it can be wholeheartedly recom- 
mended for all who are concerned with the pregnant woman 
and her endocrine function in health and disease. 

D. A. D. MONTGOMERY 


Arthritis Surgery 
Leonard Marmor. 250 x 180 mm. Pp. 348 +-x. Hlustrated. 1976. 
London: Kimpton. £31-553. 


LEONARD MARMOR has extensive teaching experience on the 
west coast of the United States. His courses are popular 
amongst orthopaedic surgeons in practice in the States al- 
though they have not so far been run in association with the 
Academy. The present book reflects this general thrust in the 
author’s teaching effort. In Britain the book will be of some 
interest to both consultants and senior registrars in training 
in orthopaedic surgery but one suspects that it will be most 
popular amongst surgeons pursuing private practice in general 
orthopaedic surgery in the United States. The book does not 
have a strongly ‘academic flavour’ although references are 
given by which the reader may find his way into the relevant 
literature. 

The text is mainly concerned with the operative technique 
and the pre- and postoperative management involved in the 
treatment of all those joints in the body which may be affected 
by the arthritic process and treated surgically. Within these 
chapters there is (sensibly) little space devoted to a historical 
review of those procedures which are no longer in day-to-day 
use and {less sensibly} very little mention of detailed reviews 
of the outcome of the procedures described as current in so 
far as they have been reported in the literature. The casual 
reader might therefore be forgiven for thinking that all the 
procedures described here in fact work. 

The pathology of rheumatoid arthrosis and osteoarthrosis 
is dealt with but in a somewhat cursory fashion, as is reason- 
able in a book deliberately devoted to the surgery of these 
diseases. Similarly the physical signs and the investigation of 
the arthritic process are not given a great deal of space. 

In summary, this book may not be widely read in this 
country; it is perhaps not sufficiently authoritative and 
academic for those surgeons who are heavily committed to 
the subject whilst for the occasional practitioner of this 
branch of orthopaedic surgery it suffers from the weakness 
that the reader cannot easily judge which of the procedures 
described is really satisfactory. The subject covered is, how- 
ever, now an enormous one and in a book of this size it is 
difficult to see how the author could satisfactorily nave met 
both of these demands. 

M. A. R. FREEMAN 


General Surgery for Nurses 
Harold Ellis and Christopher Wastell. 215 x 190 mm. Pp. 584. 
illustrated. 1976. Oxford: Blackwell Scientific. £5-80. 


Tus is a comprehensive textbook for nurses written by five 
surgeons from the Westminster Hospital. Three of the authors 
have been involved with the successful “Lecture Notes’ series 
for medical students and this is the corresponding book for 
the nursing profession. Apart from general surgery there are 
chapters on orthopaedics, ENT and ophthalmology. 

One of the most impressive features is the superb illustra- 
tions, both photographs and line diagrams. The book is 
spaciously arranged and easy to read. I particularly liked the . 
chapter on tumours, packed. with information in a highly 
digestible form. However, I was a little disappointed to find 
no references to the currently used methods for prevention 
of deep vein thrombosis, some of which are clearly here to 
stay. I was also able to find little information or discussion 
on the important topic of fluid balance. Generally, however, 
this book is highly informative and will prove of value to the 
nursing world. 

In summary, this book has achieved its aim of being a 
clearly written surgical guide, admirably suited to nurses 
both before and after qualification. It is excellent value at 
£5-80. 

IAN MCCOLL 
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Surgical Techniques Ilustrated, Vol. 2 
Edited Ronald A. Malt. 275 x 215 mm. Pp. 90. Illustrated. 1977. 
Boston: Little, Brown. Quarterly by subscription. $17.00. 


Tens is the first (quarterly) number of a second volume of 
illustrated surgical techniques with associated commentary. 
It deals with the unusual combination of abdominoperineal 
resection and total and subtotal thyroid lobectomy. Of the 
two, the former, and in particular Goligher’s classic contribu- 
tion, has the greater merit. Though he correctly denigrates 
the delegation of perineal dissection to a junior assistant, his 
illustrations and descriptive capability are such that one 
would be less fearful were the assistant word-familiar with 
this text and with the illustrations. The emphasis on pelvic 
peritoneal closure and stoma formation by skin to mucosal 
suture is both timely and welcome. The North American contri- 
butions differ only in stomal location and the extent to which 
the operation can be completed from above. Stomal location 
at the umbilicus (Thorlakson) or in the main wound (Stearns) 
possibly represent the better facilities available to their patients 
for colonic irrigation. It is felt, nevertheless, that a main 
wound stoma without skin-mucosal suture may be unduly 
liable to stenosis. Nor can one be enthusiastic about peri- 
toneal closure which entails further colonic resection and 
potential infection. 

The thyroid operations support the adage that, excepting 
basic principles, there are as many procedures as there are 
surgeons. Nor is this wanton criticism, for a technique with 
predictably good results merits adherence to genuinely held 
beliefs. Some criticisms do, however, merit consideration. 
Section of the strap muscles is seldom necessary and the 
double section of sternothyroid, as advocated by one author, 
surely cannot be justified. Both nerve fibres from the ansa 
hypoglossi enter its lower half and functional impairment of 
vocal cord tension, which the sternothyroid subserves syner- 
getically with the cricothyroid and cricopharyngeus, must be 
impaired. Nor is mention made by any author of injury to 
the cutaneous cervical nerves, which happens frequently, or 
to the cervical sympathetic trunk with resultant Horner-type 
syndrome, which happens rarely but tends to pass unnoticed. 
Nor are middle thyroid veins, which drain directly into the 
internal jugular vein, a frequent finding, though one is com- 
monly found at the lateral border of the superior pole 1-2 cm 
below its apex. In contrast, many surgeons believe that exten- 
sive recurrent laryngeal nerve exposure, except in total lobec- 
tomy, is unnecessary and can quote incidence of damage-—- 
temporary and permanent—~as low as those who advocate 
routine exposure. 

The cost of this volume, at $17.00, is not inconsiderable 
but may be merited by the quality, particularly in the rectal 
procedures, of synchronous description and illustration. 

W. MICHIE 


Recent Advances in Surgery 
Edited Selwyn Taylor. 240 x 150 mm. Pp. 480-4- xii. [lustrated. 
1977. Edinburgh: Churchill Livingstone. £11-00. 


One greets the invitation to review some books apprehensively, 
knowing that there will be difficulty in finding something to 
comment on approvingly. Not so with Selwyn Taylor's ‘Recent 
Advances’. His editorship of the ninth issue has ensured yet 
again a stimulating and informative collection of essays on 
a brand new selection of topics. 

Broadly speaking, the chapters can be divided into two 
types. First, there are ‘set-piece’ subjects that need updating 
—these include rectal carcinoma, portal hypertension, acute 
pancreatitis, testicular tumours and parenteral nutrition. The 
second group comprises those relatively new concepts and 
developments which many of us have never really got to grips 
with--subjects such as microsurgery, immunopathology, 
apudomas and even SI units. Among the other contributions 
by a team of outstanding authors, Selwyn Taylor has added 
a thoughtful discussion of surgical training. It is typical of 
his deep concern for surgery at large that he should look 
beyond the purely clinical. 

This volume shows that breeding really does count. It is 
well worth having. 

ALAN G. COX 
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Current Management of Acute Gastrointestinal Hemorrhage 
Edited Teruo Matsumoto, 226x 150 mm. Pp. 2564 xi. Ilys- 
trated. 1977, Springfield, Iil.: Thomas. $19.75. 


Tuts book derives from Hahnemann Medical College, Penn- 
sylvania, and is intended to provide practical and adequate 
basic knowledge for practising physicians. It is a disappointing 
book even though it states that it is not intended to be compre- 
hensive. Nevertheless, of its 250 pages nearly one-half is given 
to good-quality, but in my view largely unnecessary, X-rays 
when only 4 pages are devoted to endoscopy for upper gastric 
or internal haemorrhage. There may well be a need to provide 
some simple text for non-specialists to assist them in the 
management of these problems, but unfortunately this book 
does not fulfil that need. 

C. G. CLARK 


Safety in the Operating Theatre 
Edited John Mainland and Hugh Dudley. 245 x 185 mm. Pp. 
167. Ilustrated. 1976. London: Arnold. £29-50. 


THERE are very few surgeons, anaesthetists and, especially, 
theatre sisters who do not already take considerable pains to 
ensure the safety and welfare of the patients on whom they 
operate. However, much of theatre safety depends on routines, 
and whenever a routine is worked out those who execute it 
tend to stop thinking about it, so it is wise for those who may 
justifiably feel that their theatre drills are well established to 
look at them afresh. This book will be a very helpful guide in 
this reassessment. 

It is compiled from the proceedings of a symposium con- 
vened by the Royal Australasian College of Surgeons in 1971 
attended by nearly 1000 nurses, doctors, administrators, 
engineers and architects, who adopted an impressive series 
of resolutions at the end of the symposium to promote safety 
in theatres (it would be interesting to know with what subse- 
quent results). The papers read have been distilled into the 
present book, which includes sections on medicolegal problems, 
consent to operation, theatre administration, asepsis, opera- 
ting room procedures to check swabs and instruments, retained 
foreign bodies, fires and explosions and electrical machinery. 
These sections are all valuable because they bring together 
clearly and readably much detailed material which is scat- 
tered in many books and journals. Nearly all the references 
are tọ papers written before 1971 but the subject of the confer- 
ence was one much less likely to date than those of most sym- 
posia. 

It is hard to understand how the price can possibly be 
justified for a book of 167 pages containing less than 50 illus- 
trations, most of which are line drawings. A copy should be 
presented to the senior nurse in charge of theatres in a hospital 
and she should lend it to well-chosen theatre users. It should 
be a valuable guide to those who, following the Lewin Report, 
are in training as operating theatre attendants and technicians. 

PETER F. JONES 


A Synopsis of Anaesthesia 
R. S. Atkinson and G. B. Rushman. Eighth edition. 185 x 
120 mm. Pp. 986+ vi. 1977. Bristal: Wright. £925. 


THe eighth edition of this well-known book needs no intro- 
duction to anaesthetists. It has been revised with the usual 
thoroughness and accuracy. In Dr Geoffrey Rushman the 
senior editors have obtained the collaboration of a younger 
colleague, but.despite having 5 fewer pages than its prede- 
cessor, this textbook now has a semblance of middle-aged 
spread. 

As ever the well-selected references, conveniently situated 
at the bottom of each page, are an especially valuable feature 
for anyone seeking the source of any particular detail. The 
interest of the text is notably enhanced by the attention given 
to the historical development of the specialty. 

This book is indispensable, not only to all candidates for 
examinations in anaesthesia, but indeed to all practising 
anaesthetists. The editors are to be congratulated once again 
on the freshness and excellence of their production. 

CYRIL SCURR 
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The Total Care of Spinal Cord Injuries 
Donald S. Pierce and Vernon H. Nickel. 255 <x 180 mm. Pp. 
340 +-xiv. Illustrated. 1977. Boston: Little, Brawn. $22.50. 


Tus is the first time that a book has been written in the 
United States on the total care of spinal cord injuries, thus 
adopting the principles of management set out during and 
after World War H at Stoke Mandeville National Spinal 
Injuries Centre. The purpose of this book is to set forth the 
most advanced principles in surgical and medical manage- 
ment of the patient with an acute spinal injury, to give him 
comprehensive management throughout all stages of imme- 
diate, early and long term treatment until he is rehabilitated 
to a normal healthy and active life in the community. The 
various aspects of management, both surgical and medical, 
are discussed by eight contributors with long experience in 
this field. It is most gratifying that laminectomy, exploratory 
as well as decompressive, which for many years in the USA 
and in many other countries has been the method of choice 
in the immediate management, is now disapproved. Amongst 
the stabilizing surgical methods, metal plating is still used 
and some emphasis is laid on the anterior approach of decom- 
pression and stabilizing. One can only hope that in future 
more neurosurgeons and orthopaedic surgeons in the USA 
will adopt a more discriminating approach to surgery pro- 
vided the immediate conservative treatment has not proved 
successful. 

With regard to the management of the paralysed biadder, 
Estin Comarr, the former Chief of the Spinal Centre of the 
V.A. Hospital, Long Beach, who in cooperation with Dr Bors 
has great experience in this intricate subject, has written a 
chapter which the reviewer considers too short. However, 
he was the first in the USA to accept the reviewer's views of 
intermittent catheterization as the method of choice in the 
acute management of the paralysed bladder. He also contri- 
butes a chapter on the sexual function of paraplegics and 
tetraplegics, and another chapter on autonomic dysreflexia. 
Furthermore, there are chapters on the management of pres- 
sure sores, occupational therapy and physiotherapy, with 
special reference to the application of special splints for 
tetraplegics which have been developed under Vernon Nickel 
at Ranchos Los Amigos Hospital. Digoni discusses psycho- 
logical problems and Hoover the vocational rehabilitation of 
these patients. 

The literature in all chapters is very selective, referring 
mainly to American publications. 

The most important recent development in the United 
States is the setting up of Regional Spinal Injuries Centres 
for the comprehensive management of spinal cord injuries, 
as has been practised in Great Britain during and since World 
War H. 

No doubt this book will be of great interest to all workers 
in the field, in particular in the United States. 

SIR LUDWIG GUTTMANN 


Handbook of Critical Care 

Edited J. L. Berk, J. E. Sampliner, J. Sheldon and B. Vinocur. 
240 x 150 mm. Pp. 574~- xv. IHustrated. 1976. Boston: Little, 
Brown. No price given. 


There is no agreed distinction between intensive therapy, 
intensive care and critical care, and the interpretation in a 
particular unit usually reflects the type of case admitted and 
the interests of the staff. Indeed it may be said that, at least in 
the United Kingdom, no two units function in the same way. 
Although this book is written by 29 North American authors, 
and runs to 574 pages, it is in no way a comprehensive textbook 
of intensive therapy as practised in Britain. A high proportion 
of patients admitted for intensive therapy in the UK are in 
the categories of poisoning, overdosage, head injury, burns, 
post-cardiac surgery and acute-on-chronic ventilatory failure. 
None of these subjects receives any detailed attention in this 
book and some are not mentioned at all. However, the con- 
siderable merit of the book lies in its approach to detection 
and management of failure of systems. 
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The chapter on haemodynamic monitoring is lucid and up 
to date, although the methodology is perhaps over-concen- 
trated on the Swan—-Ganz catheter with no mention of how 
to measure the cardiac output. The section on monitoring 
of the respiratory status is also patchy with no menon of 
measurement of pulmonary ventilation, which is central to 
the problem and not as easy as most people think. Ventilatory 
management is well covered, but there is hardly a word on 
physiotherapy, which is considered crucial to practice in the 
UK. The chapters on management of cardiac arrhythmias, 
fluid and electrolytes, nutrition and antimicrobial agents are 
well presented, easy of reference and written from the point 
of view of intensive care. Part I finishes with an outstanding 
and highly practical chapter on the psychological aspects of 
intensive care, a topic which is all too often neglected. 

An ingenious feature of the book is to group recent advances 
in Part I]. Amongst other topics, this section covers new work 
on the oxygen affinity of haemoglobin, aortic balloon pumping 
and prolonged extracorporeal membrane oxygenation (ECMO), 
all discussed by experts. There is an appendix of normal values, 
formulae, nomograms, dosages of vasoactive drugs and a 
rudimentary table of conversion factors. This is a good idea 
as far as it goes, and it could with advantage have been 
extended well beyond the 22 pages which have been allocated. 

In summary, this is not a comprehensive book covering all 
aspects of intensive care as it is understood in this country. 
The book reflects the practice and interests of the authors and 
editors. Parts of the book are outstanding and it is strongest 
in just those fields where alternative sources of information 
are least satisfactory. It will be an essential bench book for 
all intensive therapy units and should be read by all who 
consider themselves to be ‘intensivists’. 

3. F. NUNN 


Regional Flaps of the Head and Neck 
John Conley. 280 x 200 mm. Pp. 268 + vi, with 759 illustrations. 
1976. Stuttgart: Thieme. £50-00. 


During the past decade or so there have become available 
for reconstruction of defects around the head and neck 
several flaps which have a great advantage over previous 
techniques in that they can be raised and used immediately 
the defect has been created. This has encouraged surgeons 
to excise extensive carcinomas from patients who, previously, 
would have been allowed quietly to die. Much of this book 
is concerned with salvage operations for recurrent malig- 
nancies, and in looking through it, one becomes aware not 
only of the advantages of these flaps but also of their limita- 
tions. For example, the donor sites of two of the commonest 
the forehead flap and the deltopectoral flap—-remain a perma- 
nent disfigurement justifiable only if the reconstruction is 
cosmetically acceptable and the chance of eradicating the 
cancer high. 

The book is largely an atlas of cases with little information 
about them apart from short captions. Most photographic 
series are inadequate to show all the points involved and far 
fewer patients described in much more detail would have 
helped the inexpert in plastic surgical techniques. 

There are a few pages of text at the beginning of each 
chapter--the chapters being arranged mainly according to 
the source of the flap-~but the descriptions are very general 
and there are virtually no references to previous authors, 
although most of the techniques have been described by others. 

There are three invited chapters: Dr A. J. Novak describes 
the smaller facial flaps by drawings on a dummy’s head; Dr E. 
Schmid of Stuttgart describes his ingenious facial flaps, 
although many of his illustrations were first published many 
years ago; and Dr Bakamjian writes about his deltopectoral 
flap and, refreshingly, acknowledges the source of previously 
published illustrations. 

There are probably few who are attracted to the extensive 
surgical operations which make up most of this book and 
the book might well discourage others. Page after page of 
tumours recurrent after irradiation or surgery emphasize once 
again that the best time to deal with a cancer is the first time. 

T, GIBSON 





Ceporin prophylaxis 
in abdominal surgery 
reduces primary wound sepsis 


In 5 trials’ involving 2,491 operations 
Ceporin was shown to significantly 
reduce the incidence of primary sepsis 
in contaminated or potentially 
contaminated wounds, when 
compared with untreated controls and 
with other antibacterials and 
antiseptics. 


Resistance not a problem 

Ceporin has been shown not to alter 
hospital ecology of bacteria. Whereas 
between 1971 and 1974 the number of 
strains resistant to ampicillin increase 
significantly.’ 

1. Journal of Antimicrobial 
Chemotherapy (1975) 1, (Suppl.) 71 

2. Lancet (1975) 4, 1251 
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“It is concluded that maintenance treatment of ulcerative colitis 


- with sulphasalazine (salazopyrin) should be continued 


- indefinitely unless contraindicated by side effects. 


The results of the above controlled trial carried 
out at the Nuffield Department of Clinical 
Medicine, Radcliffe Infirmary, Oxford are all the 
more welcome as earlier trials of cortisone’ and 
prednisone’ at standard dosages have-shown them 
to be ineffective in reducing the number of 
recurrences of ulcerative colitis. 

“Fortunately, Sulphasalazine tablets, 0.5 grams 


“|. 4 times a day will prevent relapses in the majority 










of patients with colitis, and only a few patients 
cannot tolerate this relatively small dose, which 
can be continued indefinitely since we do not know 
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When it comes to thease lighting, Siemens knows 
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of light over the entire operating field. 

The London Lamp’s lightweight 
heads are easily adjusted by their 
sterilisable handles. 

This means twice the mobility, 
twice the freedom — especially for 
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Hanaulux lighting has built 
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UROLOGY | | 
Edited by D. INNES WILLIAMS, M.D., M.Chir., F.R.C.S. Senior Surgeon, St. Peter's Hospital 
Group, London; Urologist, The Hospital for Sick Children, Great Ormond Street, London; 
Dean, Institute of Urology, University of London 


OPERATIVE SURGERY has a place unique in medical literature. Surgeons throughout the 
world have come to value the simple, clear, concise and elegant presentation of this wealth of 
material on operative surgery. 

in OPERATIVE SURGERY the busy surgeon called upon to perform a variety of operations 
has at his fingertips the experience and technique of the foremost surgeons of today, many of 
them recognised internationally as the initiators of newer surgical procedures. The operations 
described are those in use in leading hospitals and clinics throughout the world. The clarity of 
textual presentation will enable the younger surgeon and student to grasp the most advanced 
elements. 

The essence of the work is maximum emphasis on the practical nature of surgery concentrating 
on exact operative details and eliminating irrelevant material, Every effort has been made to 
ensure the best possible correlation of the text with the illustrations. The accuracy and clarity 
of the illustrations is the keynote to this immensely practical work. The emphasis is of course 
on illustration but necessary text matter is included and all articles contain full notes on pre- and 
post-operative care, 

For this third edition, the editor has called upon a highly distinguished team of international 
contributors to describe the operations commonly performed for disorders of the kidney, 
urinary passages and male genital tract. The majority of the old chapters have been completely 
re-written or up-dated to cover the simpler as well as the more complex urological procedures 
and the volume has expanded considerably with the inclusion of new material discussing the 
general management of major urological disorders intended to assist the reader in selecting the 
appropriate surgical treatment for the individual patient. 

This authoritative and excellently illustrated work will serve as a refresher to urologists and 
should enable the trainee or general surgeon to understand and to perform the operations 
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Fybranta in diverticular disease 


In a recent clinical trial published in the British 
Medical Journal* a comparison was made between 
three forms of treatment for patients with sympto- 
matic diverticular disease. The authors concluded 
from this study that Fybranta Tablets are more 
effective than a high-residue diet or a bulking agent. 


Fybranta did not merely improve the symptoms, the 
paper states that Fybranta also normalized the 
pathophysiological changes which diverticular 
disease brings about. 


Fybranta 





60% of the patients were entirely symptom free after 
only one month on the Fybranta regime. In addition, 
in all patients stool weight increased significantly; 
transit time was reduced by nearly a half and intra- 
colonic pressure was reduced to within normal limits. 


Fybranta tablets are easily carried when the patient 
cannot eat at home. Chewed with a drink, they sup- 
ply a day's cereal fibre in a highly acceptable form. 
Each tablet contains: Bran 2g. 

*Brit med J (1976) 1, 989-990. 


TRADEMARK 


Convenient, chewable, prescribable bran tablets 


Full prescribing information on request from: Norgine Limited, 59-62 High Holborn, London WC1V 6EB 
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Jamieson and Kay’s 
‘Textbook of Surgical Physiology 


lain McA. Ledingham and Colin MacKay 

Third edition 400 pages illustrated £1800 

This textbook is now a multi-author work, with the editors ensuring that the material included has been 
carefully selected to comply with the requirements of the trainee surgeon. 

This edition has been up-dated throughout with each chapter extensively rewritten and new figures included. 
Four new chapters have been added, covering Immunology, the Nervous System, the Ovary and Shock. 


Contents 

Wound Healing and Fibrosis / Biological Effects of Radiation / Fiuid and Electrolyte Balance / Metabolic 
Response to Injury / Adrenal / Breast / Thyroid / Respiratory System / Heart / Circulation / Blood / Spleen / 
Central Nervous System / Peripheral Nerves / Bone / Stomach / Small Intestine / Colon / Liver / Gallbladder and 
Bile Ducts / Pancreas / Kidney / Ureter / Bladder / Testis / Ovary / Immunology and Surgery / Shock 


Textbook of Surgery 


Edited by David A. Macfarlane and Lewis P. Thomas 
Fourth edition 800 pages illustrated £8-50 
This book provides students with a sound, concisely written basis for their future surgical practice. 


In this edition, two younger surgeons have joined the coniributors. Many of the chapters have been considerably 
altered. The chapter on thyroid and parathyroid glands has been extensively rewritten as have those on 
orthopaedic surgery and injury and repair. Many advances in investigative techniques and treatment have been 
incorporated into this edition. These include the use of fibreoptic instruments in endoscopy, cryosurgery, a 
re-appraisal of anal anatomy with reference to fistulae, the increasing frequency of Crohn’s disease of the large 
intestine and the improvement in prognosis of Hodgkin's disease. A more general acceptance of renal 
transplantation is recognised by an enlarged section on organ transplantation. 
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The established methods of clinical measurement on patients have utilised potentially 
harmful techniques such as radiation and the introduction of intravascular catheters: 
others have unnecessarily restricted the movement of the patient so that assessment 
under conditions of normal function have been difficult. Of recent years advances in 
technology such as ultrasonics, micro-electronics and image processing have made 
possible the development of much safer and less restricted methods of clinical measure- 
ment, which are non-invasive and may, in many cases, be used in unrestrained patients. 
This book describes these advances. | 


NON-INVASIVE CLINICAL MEASUREMENT 


The development of new technology has also involved the determination of the 
appropriate normal values and standard methods of measurement, and where relevant, 
these aspects also are covered. 
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“It is concluded that maintenance treatment of ulcerative colitis 
with sulphasalazine (salazopyrin) should be continued 
indefinitely unless contraindicated by side effects”? 


The results of the above controlled trial carried 
out at the Nuffield Department of Clinical 
Medicine, Radcliffe Infirmary, Oxford are all the 
more welcome as earlier trials of cortisone’ and 
prednisone’ at standard dosages have shown them 
to be ineffective in reducing the number of 


of patients with colitis, and only a few patients 
cannot tolerate this relatively small dose, which 
can be continued indefinitely since we do not know 
when, if ever, it can be safely stopped’’.* 
Salazopyrin (sulphasalazine) is available as the 


recurrences of ulcerative colitis. 
“Fortunately, Sulphasalazine tablets, 0.5 grams 
4 times a day will prevent relapses in the majority 


“The patients who received 
dummy tablets had more than four 
times the relapse rate of those 
receiving sulphasalazine”’. 
(Salazopyrin). 


Salazopyrin is a registered trade mark. 
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plain o.5g. tablet, o.5g. EN-tab and as an 0.$g. 
suppository. Literature and detailed information 
on Salazopyrin are available on request. 





Both groups of patients had been 
satisfactorily maintained for 1-5 years 
on Salazopyrin prior to the study, in 
which they took Salazopyrin or 
placebo for 6 months. 
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Familial abdominal aortic aneurysms 


MARTIN A. CLIFTON* 
SUMMARY 


The case histories of three brothers, the only siblings of 


one family, all of whom underwent surgery for the 
treatment of a previously asymptomatic ruptured 
abdominal aortic aneurysm, are recorded. 

The possibility of underlying constitutional and 
hereditary factors is discussed and the suggestion of a 
primary familial incidence of atheromatous, non- 
dissecting aortic aneurysm is raised. 


RUPTURED abdominal aortic aneurysm is a serious but 
relatively unusual emergency. Recently, a patient 
with such an aneurysm gave a history of his two 
brothers also having had ruptured abdominal aortic 
aneurysms. The case histories of the three brothers, 
the only siblings of one family, form the basis of this 
report. 


Case reports 
Case 1: R. N., male, aged 64. Telephone engineer. Lister 
Hospital, Stevenage. 

The patient was admitted at midday on 31 October 1976 
having had a mild lumbar backache for 1 week. An hour 
earlier he had vomited and lost consciousness for a few 
moments and the backache had become severe for 10 minutes 
thereafter. He was cold and clammy with a pulse rate of 
90/min with occasional dropped beats, a blood pressure of 
100/60 mmHg and a temperature of 34-6 °C. Haemoglobin 
was 11-8 g/dl and his blood group was A Rh positive. Examina- 
tion revealed a pulsatile upper abdominal! mass which appeared 
to be enlarging during the hour following admission. Peripheral 
pulses were norma! with no bruits, apart from the posterior 
tibial pulses which were both absent. 

When a diagnosis of leaking aortic aneurysm was made, the 
patient revealed that his only two brothers had each previously 
had surgery for this condition. 

Laparotomy was carried out forthwith and a leaking athero- 
matous abdominal aortic aneurysm was revealed. This was 
replaced with a woven Dacron bifurcated graft extending from 
just below the renal arteries to each common iliac artery; the 
opened aneurysmal sac was sutured over the inlaid graft. 

After the operation good peripheral circulation rapidly 
returned, and although the patient developed bilateral deep 
venous thrombosis 11 days after surgery, this resolved. He 
was discharged from hospital on 29 November 1976 and was 
well when seen in the outpatient department 1 month later. 

In view of the strong family history, lipoprotein profiles 
(Greenhalgh et al., 1971, 1975) and serum cholesterol estima- 
tions were carried out (Table I); these were found to be 
normal. There was no clinical or serological evidence of 
syphilis. His only offspring, a son aged 38, was examined and 
found to have a normal abdominal aorta. 


6] 


Table I: FASTING LIPOPROTEIN PROFILES OF 
THE TWO SURVIVING BROTHERS 
Upper limit 





Case | Case 3 of normal 

S. particles 37 3i 5-5 
8-lipoprotein (2/1) 

M. particles pre- i-] I] 2-4 
8-lipoprotein (g/1) 

L. particles 0-04 0-04 0-28 
chylomicrons (2/1) 

Serum cholesterol 50 4-2 7-2 
(mmol/l) 

Blood glucose 5-0 3-6 5-0 
(mmol/D 





Case 2: C. P. N., male, aged 61, Clerk. Leicester General 
Hospital. 

The patient was admitted on 16 April 1970 having vomited 
once and then collapsed at work. He gave a history of severe, 
constant left loin pain of 4 hours’ duration which later radiated 
to the left groin and then eased somewhat. He gave a history of 
hepatitis 5 weeks before admission and he had had minimal 
‘tightness in the chest’ on exertion for | month. He was a 
moderate drinker and a non-smoker. 

He was pale and cold and slightly dyspnoeic; his pulse rate 
was 92/min regular and small and his blood pressure was 
120/70 mmHg. His blood group was A Rh positive. Abdo- 
minal examination revealed tenderness and guarding in the 
left flank and left lower quadrant. At this time his haemoglobin 
was 10-5 g/dl. 

Soon after admission the blood pressure dropped to 
40 mmHg systolic and lower abdominal distension was noted: 
he had not passed urine since admission. | 

Emergency laparotomy was carried out forthwith and a large 
fusiform aortic aneurysm was found to have ruptured. The 
upper end of the aneurysmal sac extended well above the renal 
arteries and could not be resected. The patient died on the 
table. 


Case 3: F.N., male, aged 69. Retired bookbinder. Barnet 
General Hospital. 

The patient was admitted as an emergency on 11 July 1975 
having collapsed in the street. He gave a history of having back 
pain for 54 hours and pain in the left groin for 2 hours. 

One year previously he had attended the outpatient depart- 
ment with a 3-month history of angina pectoris and an electro- 
cardiogram had shown what appeared to be an inferior 
myocardial infarction. Chest X-ray had demonstrated an 
unfolded aortic arch and abdominal examination had revealed 
a tortuous aorta. His blood pressure then was 160/100 mmHg. 

At the emergency admission he was pale, cold and clammy 
with a pulse of 120/min and a systolic blood pressure of 


* Lister Hospital, Stevenage, Herts SGI 4AB. 








766 Martin A. Clifton 


60 mmHg. Abdominal examination revealed a pulsatile 
mass extending from the left flank well across to the right of 
the umbilicus. He had no left pedal pulses and both popliteal 
pulses were absent. The haemoglobin was 9-5 g/dl; his blood 
group was A Rh positive A diagnosis of a leaking aortic 
aneurysm was made and a laparotomy was carried out forth- 
with. An aneurysm was found which extended from below the 
renal arteries to the common iliac arteries and the proximal 
right external iliac artery 

After clearing the limb arteries with a Fogarty catheter, an 
aorto-iliac woven Dacron trouser graft was sutured into 
position and the graft was reperitonealized. 

The patient was well when last seen in the outpatient 
department in June 1976. 


Discussion 

The three brothers had ruptured, non-dissecting, 
abdominal aortic aneurysms with no history of 
trauma, no evidence to suggest that the aneurysms 
might be due to post-stenotic dilatation, no sepsis, 
either local or distant, and no evidence of syphilis 
or of Behcet’s syndrome. The two who survived 
were normotensive after surgical intervention, but did 
have evidence of atherosclerosis. All three were in 
their sixties and were blood group A Rh positive. 
The chance occurrence of this condition in three 
brothers is remote and constitutional and hereditary 
factors must be looked to for an explanation. No 
reference can be found in the literature to familial 
non-dissecting aortic aneurysms. 

The risk of dissecting aneurysm in patients with 
Marfan’s syndrome is well known and hereditary 
cases have been described. Although the aneurysms 
are usually in the thoracic aorta (Young, 1969; 
Grondin et al., 1969), they may occur in the abdomen 
(Irwin et al., 1964). 

Barabas (1972) described 2 cases of ruptured aortic 
aneurysm with the arterial type of Ehlers-Danlos 
syndrome, known as Sack’s syndrome. One of these 
patients had also lost her mother and brother from 
ruptured aortic aneurysm. 

Hanley and Bennett Jones (1967) described two 
sisters and the son of one of them who had all died 
from dissecting aneurysm of the aorta with evidence 
of cystic medionecrosis. The authors suggested that a 
hereditary factor with autosomal dominant trans- 
mission was responsible for this condition. 

Borman and Schiller (1969) described what they 
considered to be the first reported case of abdominal 
aortic aneurysm associated with familial haemor- 
rhagic telangiectasia (Osler-Weber-Rendu_ disease), 
and whilst accepting that the occurrence of the 
aneurysm in this condition may be a coincidence, 
they felt that in all aneurysms of obscure aetiology, 
Osler’s disease should be considered. 


Constitutional factors, such as lathyrism and inva- 
sion with strongyloides (Abrahams and Cockshott, 
1962) can be ruled out. 

There are other reports in the literature of fanvilial 
dissecting aneurysms of the aorta without any noted 
predisposing factors (Griffiths et al., 1951; Lawson 
and Alexander, 1962), these mostly occurring in the 
thoracic aorta. The only factors which the three 
patients in this present report had in common were 
the family link and the blood group. 

Moore (1967), from a study of the evidence, 
calculated that the chance of a patient over the age 
of 50 suffering a ruptured aortic aneurysm is f in 250. 
It would seem, therefore, that the possibility of the 
only three siblings of one family all suffering a 
ruptured abdominal aortic aneurysm by chance 
alone is at least | in 250° (i.e. 1 in 15 625 000). 
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Abdominal aortic aneurysms: should 


they all be resected ? 


JAN CHRISTENSON, BO EKLOF AND INGVAR GUSTAFSON * 


SUMMARY 

A retrospective study has been carried out on 124 
consecutive patients with abdominal aortic aneurysms 
admitted during the period 1960-74. The mortality 
rate after emergency operation was 56 per cent and 
after elective operation 15 per cent. As in other vascular 
centres during these years the mortality rate has de- 
creased among electively operated patients. We have 
tried to answer two questions: which patients without 
signs of rupture should undergo operation and which 
patients with a ruptured aneurysm should not be oper- 
ated upon? 


No one can predict when an abdominal aortic aneu- 
rysm will rupture. From Szilagyi’s studies we know 
that the prognosis for untreated patients is poor, 
somewhat depending on the size of the aneurysm 
(Szilagyi et al., 1966). The official statistics in Sweden 
show an increase in mortality from ruptured aortic 
aneurysms; the rate for 1973 is double that for 1963. 
Figures calculated from the autopsy figures in Malmö 
(250 000 inhabitants with a very high autopsy rate) 
show that deaths from a ruptured aortic aneurysm 
will occur in 16 women and 20 men per 100000 
inhabitants each year (Sternby, 1977). 

The results of operative treatment depend upon 
whether it is an elective or an emergency operation. 
Figures for hospital mortality collected from the 
literature are 9 per cent in elective and 51 per cent in 
emergency surgery. The fact that every second patient 
with a ruptured aneurysm will die in hospital should 
be seen against the background of the latest results 
from DeBakey’s clinic where hospital mortality in his 
recent series of 500 electively operated patients was 
less than 1 per cent. The discrepancy in the results 
between the two groups stresses the need to identify 
these patients before rupture. 

Two questions should be asked: which patients 
without signs of rupture should undergo operation 
and which patients with a ruptured aneurysm should 
not be operated upon? In order to see if we could 
find any answer to these questions we have conducted 
a retrospective study of 124 consecutive patients with 
abdominal aortic aneurysms undergoing elective and 
emergency operations at the Department of Surgery, 
University of Lund, during the period 1960-74, took- 
ing especially at the transportation problems, hospital 
mortality, postoperative intensive care and life expec- 
tancy. The follow-up was concluded in October 1975. 
The patients were divided into two groups: elective 
and emergency. 


Transportation problems 

When faced with a patient with a ruptured abdominal 
aortic aneurysm in a hospital where there are no vasc- 
ular surgeons some colleagues prefer to send the 
patient to a vascular centre whereas others prefer to 
send for the vascular surgeon. The distances that 
patients were transported to hospital are shown in 


Fig. 1. Only patients that were alive on arrival at the 
emergency ward in Lund have been studied. Before 
sending the patient, accurate shock prophylaxis had 
been instituted and the patient was usually accom- 


. 


panied by an anaesthetist from the referring hospital. ° 


The figures within the circles in Fig. 1 indicate re- 
spectively the number of patients with ruptured aortic 
aneurysms and the number without any signs of a 
rupture, The distance in kilometres is also marked. 
The figures show that patients with a ruptured abdo- 
minal aortic aneurysm can be transported a long 
distance, which supports DeBakey’s opinion that 70 
per cent of patients with a ruptured aortic aneurysm 
will survive for more than 24 hours (DeBakey et al., 
1964). For instance, one patient was transported 
200 km from Karlskrona; he was received into the 
emergency ward in Lund without any measurable 
blood pressure after having had three cardiac arrests 
during transportation. He was operated on and today, 
4 years later, works as a full-time taxi driver. 
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Fig. 1. The transport distances (km) to Lund and the 
number of preoperative transportations. 


The best chance for a patient with a ruptured aortic 
aneurysm is, of course, to be treated immediately at 
his local hospital. If there is no vascular surgeon on 
hand the second best option is to send the patient to 
a vascular centre where there is a well-trained team 
to take charge of the operation and the rigorous post- 
operative intensive care. 


* Departments of Anaesthesia and Surgery, University of 
Lund, Sweden. 
Correspondence to: B. Ek16f. 
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Hospital mortality 

Forty-six patients were admitted alive to the emer- 
gency department with signs of a ruptured aneurysm 
(Table D. Twelve of these patients died during trans- 
portation from the emergency department to the 
operating theatre. Seventy-eight patients were ad- 
mitted for elective operations and in 26 of these we 
decided not to operate—in 18 patients because of 
advanced age or concomitant disease, in 5 patients 
because of involvement of the renal arteries and in 
3 cases because the aneurysms were less than 4cm 


- Table I: PATIENTS WITH ABDOMINAL AORTIC 
ANEURYSMS UNDERGOING ELECTIVE AND 
EMERGENCY OPERATIONS AT THE DEPARTMENT 
OF SURGERY, LUND, 1960-74 





Operation No operation* 
Abdominal aortic aneurysm 34 12 
with rupture—emergency 
Abdominal aortic aneurysm 52 26 


without rupture-—elective 


* For explanation see text. 


Table 11: THE HOSPITAL MORTALITY: AN 
ANALYSIS OF THE CAUSES OF DEATH 


Elective (8/52) Emergency (19/34) 
Coronary sclerosis 5 6 
Haemorrhage 0 5 
Pulmonary insufficiency 1 3 
Renal insufficiency ] 2 
Peritonitis 0 1 
Other I 2 





in diameter. The respective number of emergency 
and elective aneurysmectomies in each year of the 
study related to the hospital mortality is shown in 
Figs. 2 and 3. The hospital mortality in emergency 
aneurysmectomies was 56 per cent compared with 
15 per cent in elective surgery, which is a statistically 
significant difference. Twenty-seven patients died post- 
operatively in the hospital (Table 1/7). In the elective 
group 5 patients died because of coronary sclerosis. 
This was the dominant cause in the emergency group, 
together with haemorrhage. Over the years the hospital 
mortality for the elective cases has decreased, prob- 
ably because of the increased experience of the team, 
so that the mortality during the years 1973-4 was 
only 7 per cent. In a literature survey from 1959 
onwards concerning hospital mortality after elective 
surgery (Table HI) we found among 8153 reported 
operations 756 deaths—a mortality rate of 9 per 
cent. Of 2121 patients with ruptured aneurysms, 1079 
died postoperatively—-a mortality rate of 51 per cent 
(Table IV). 


Postoperative intensive care 

The patient’s course after emergency aneurysmectomy 
is usually stormy. Tilney et al. (1973) have described 
the sequential system failure after these operations. 
We have performed a restrospective study of 18 con- 
secutive patients operated upon for ruptured aortic 
aneurysm up to October 1975. All these patients were 
admitted to the intensive care unit immediately after 
operation. In Table V the postoperative complications 
are listed in time sequence. Postoperative haemorrhage 
is frequent in these patients. The 18 patients received 


Table HI: LITERATURE SURVEY: THE MORTALITY RATE AFTER ELECTIVE ANEURYSMECTOMIES OF 


ABDOMINAL AORTIC ANEURYSMS 


Author 
Shumacker (Cincinnati) 
Sheranian et al. (Rochester} 
MacVaugh and Roberts (Philadelphia) 
Humphries et al. (Cleveland) 
Gryska et al. (Boston) 
Cannon et al. (Los Angeles) 
Vasko et al. (Baltimore) 
Voorhees and McAllister (Columbia) 
DeBakey et al. (Houston) 
Hardin (Kansas) 
Levy et al. (St Louis) 
Szilagyi et al. (Detroit) 
Crawford et al. (Houston) 
Packham et al. (Sydney) 
Sanger et al. (Charlotte, NC) 
May et al. (Rochester) 


Williams et al. 
Gwinn and Oury 
Short and Mackey 
van Heeckeren 
Gardner et al. 
Baker and Roberts 
Baker et al, 

Ameli et al. 

Stokes and Butcher 
Darke and Eadie 
Williams et al. 
Malan et al. 

Pillet and Albaret 
David et al. 
Present paper 


(Fort Lauderdale) 
(San Diego) 
(Glasgow) 

(New Haven) 
(West Virginia) 
(Pennsylvania) 
(Pennsylvania) 
(Toronto) 

(St Louis) 
{London} 

{Fort Lauderdale) 
(Milano) 
(Angers) 

(New Orleans) 


Mortality 


Year of study Total no, No. % 
1959 107 12 ILO 
1959 104 iS J4-4 
1959 92 10 i10 
1960 180 I6 90 
1960 124 12 96 
1962 66 10 150 
1963 136 i3 9-6 
1963 170 31 1480 
1964 1449 130 9-0 
1964 109 9 80 
1965 100 17 170 
1965 309 40 12 
1966 2760 193 70 
1967 49 9 19-6 
1968 150 10 66 
1968 135 i8 130 
1968 55 6 11-0 
1968 57 Ii 166 
1968 44 li 250 
1969 53 7 13-0 
1970 56 3 4533 
1970 390 26 66 
1970 240 23 95 
1971 714 G9 9-7 
1971 87 3.06 O38 
1971 43 4 90 
1971 66 § 7-4 
1972 154 14 9i 
1972 36 3 83 
1973 69 18 26-0 

2 8 15-8 
Total 8153 756 93 
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Fig. 2. The number of emergency ancurysmectomies in 
each year of the study related to the hospital mortality. 
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Fig. 3. The number of elective aneurysmectomies in each 
year of the study related to the hospital mortality. 


Table IV: LITERATURE SURVEY: THE MORTALITY RATE AFTER EMERGENCY ANEURYSMECTOMIES 


OF ABDOMINAL AORTIC ANEURYSMS 





Author 
Sheranian et al. {Rochester} 
MacVaugh and Roberts (Philadelphia) 
Cannon et al. (Los Angeles) 
Voorhees and McAllister {Columbia} 
DeBakey et al. (Houston) 
Hardin (Kansas) 
Mannick et al. (Richmond) 
Sanger et al. (N. Carolina) 
Martin (London} 
Tracy and Reeve (Sydney) 
Szilagyi et al. (Detroit) 
Coles et al. (Ontario) 
Lawrence et al. {lowa} 
Crawford et al. (Houston) 
Kouchoukos {St Louis} 
Christiansen and Mouridsen (Copenhagen) 
Packham et al. (Sydney) 
Graham et al. (Chicago) 
Gwinn and Oury (San Diego) 
Short and Mackey (Glasgow) 


Williams et al. 

May et al. 

Sanger et al. 

Berne and Wilkinson 
van Heeckeren 
Darling 

Stenstrom et al. 
Gardner et al, 


(Fort Lauderdale} 


(Rochester) 


(Charlotte, NC) 


(Los Angeles) 
(New Haven) 
{Boston} 
(Victoria) 


(West Virginia) 


Amel et al. (Toronto) 
Stokes and Butcher {St Louis} 
Darke and Eadie (London) 


Williams et al. 


(Fort Lauderdale) 


Malan et al. (Milano) 
Shumacker et al. (Indiana) 
David et al. iNew Orleans} 
Woolrich and Cisneros (Mexico) 
Chiariello et al. (Houston) 
Rainer et al, (Denver) 


Present paper 


Mortality 

Year of study Total no. No. % 
1959 6 3 50-0 
1959 26 22 85-0 
1962 26 i2 46-2 
1963 34 26 760 
1964 120 4} 340 
1964 12 8 75-0 
1964 25 8 32-0 
1964 16 7 44-0 
1965 17 12 710 
1965 28 12 43-0 
1965 79 46 58-0 
1966 102 36 350 
1966 65 34 320 
1966 240 92 340 
1966 36 22 61-0 
1967 ll = 8&8 730 
1967 16 $ 50-0 
1968 107 58 540 

1968 li 9 82 
1968 15 9 60-0 
1968 3 21 65-0 
1968 49 34 690 
1968 şi 27 509 
1969 4] 34 830 
1969 57 34 60-0 
1969 60 24 400 
1970 76 27 353 
1970 24 13 Si 
197] 299 198 66-2 
1971 13 2 15-0 
197] 17 § 29-0 
1971 48 i6 340 
1972 44 30 690 
1972 158 87 550 
1973 14 7 $00 
1973 6 3 500 
1973 87 i8 21-0 
1973 19 7 370 
34 19 559 
Total 2121 1079 509 
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on average 14 units of blood during operation and 
10 units of blood postoperatively. Five patients were 
reoperated upon because of bleeding. Other post- 
operative complications were primary circulation in- 
sufficiency and cardiac arrythmias because of myo- 
cardial infarction, distal arterial thrombosis, respira- 
tory insufficiency, pulmonary embolism, jaundice due 


to ischaemic liver damage and wound rupture. Almost 
all the patients had some postoperative complication. 
Ten patients died during the intensive care period 
while 8 patients survived and were transferred to the 
surgical ward. The average age in the group of patients 
who died was 77 years and in those who survived 64 
years. 
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Table V: EMERGENCY ABDOMINAL AORTIC 
ANEURYSMECTOMIES AND THE POSTOPERATIVE 
COMPLICATIONS IN TIME SEQUENCE 


Haemorrhage-—reoperation 

Primary circulation insufficiency 

Cardiac arrythmias—myocardial infarction 
Distal arterial thrombosis 

Renal insufficiency—uraemia 
Post-traumatic respiratory insufficiency 
Pulmonary embolism 

Jaundice—ischaemic liver cell damage 
Wound rupture--wound infection 


è Table Vi: RUPTURED ABDOMINAL AORTIC 


ANEURYSMS: A COMPARISON BETWEEN 
SURVIVORS AND NON-SURVIVORS 
Survivors 
(8 patients) 


Non-survivors 
{10 patients) 


Signs of coronary insuffi- 3 4 
ciency 

Earlier cardiopulmonary 4 4 
symptoms 

Treatment time within the 14 12: 
intensive care unit (d) 

Anaesthetic time (h) 

Shock before operation 

Severe postoperative respir- 
atory insufficiency 
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Table VII: RUPTURED ABDOMINAL AORTIC 
ANEURYSMS: A COMPARISON BETWEEN 
SURVIVORS AND NON-SURVIVORS 


Survivors Non-survivors 
(8 patients) (10 patients) 

Age > 70 yr 1 7 
Massive blood transfusion 1 7 

= 15 units 
Shock during operation 0 6 
Postoperative coagulation 1 8 

msufficiency 
Operation technical failure 0 8 
Renal insufficiency > 1d 2 9 


Table VIH: THE CAUSE OF DEATH DURING THE 
FOLLOW-UP PERIOD 


Aortic Aortic 
aneurysms aneurysms 
without with 
signs of signs of 
rupture (52 rupture (34) 
Oa (%) 

Hospital mortality 15-4 55-9 
Coronary sclerosis 25-0 5-9 
Cerebral arteriosclerosis 3-9 2-9 
Ruptured false aneurysm 3-9 0 
Malignancy 1-9 29 
Renal insufficiency 0 2°9 
Other 3-9 8-4 


In Table VI the parameters that did not differ be- 
tween the two groups are listed. Respiratory insuffi- 
ciency was never seen to be the primary cause of 
death, mainly because of the use of modern respira- 
tory assistance. The main cause of death was circu- 
latory insufficiency in combination with renal failure. 
In Table VI the parameters that differed between 
the two groups are listed. 

Amongst the survivors only one patient was over 
70 years of age and only one patient needed massive 
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Fig. 4. Survival curve after 10 years of follow-up among 
treated and untreated (Szilagyi et al., 1966) patients with 
abdominal aortic aneurysm. 
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Fig. 5. Survival curve after 10 years of follow-up among 
treated and untreated (Szilagyi et al., 1966) patients with 
abdominal aortic aneurysm; hospital mortality is excluded. 


blood transfusion. On the other hand, the majority 
of the patients who died were over 70 years old, 
needed massive blood transfusion and were in shock 
during operation, developing postoperative coagu- 
lation insufficiency. In 8 patients the operation was 
deemed a technical failure, implying reoperation or 
thrombectomy. Nine patients in this group developed 
renal failure. 


Life expectancy 

A follow-up study of the 86 surviving patients was 
undertaken. The main cause of death among patients 
with elective aneurysmectomies was coronary scler- 
osis (Table VHD. This was a less dominant cause of 


death among patients with emergency aneurysm- 
ectomies, probably because patients with severe 
coronary insufficiency died directly postoperatively. 
The’ 5-year survival rate is 35 per cent in the elective 
group and 25 per cent in the emergency group, which 
can be compared with 17 per cent in a group of un- 
treated abdominal aortic aneurysms (Szilagyi et al., 
1966) (Fig. 4). If patients who died postoperatively in 
the hospital are excluded, there is a 5-year survival 
rate of 48 per cent after elective aneurysmectomy and 
40 per cent after emergency operation (Fig. 5). This 
means that patients with ruptured aortic aneurysms 
have almost the same life expectancy as those operated 
upon electively if the patients manage to survive the 
critical postoperative period. 


Conclusion 

Rupture of an abdominal aortic aneurysm is one of 
the major catastrophes in surgery, with a hospital 
mortality of above 50 per cent. If the patient is more 
than 70 years of age and is admitted in shock the 
prospects of survival are very low. In contrast to 
these figures, the results in elective aneurysmectomies 
are good, with a hospital mortality of less than 10 
per cent, and in centres with great experience, such 
as DeBakey’s unit in Houston, less than 1 per cent. 
If we exclude hospital mortality from our material, 
the 5-year survival rate after elective operations is 
48 per cent and after emergency operations 40 per 
cent, which can be compared to 17 per cent for 
patients with asymptomatic untreated abdominal 
aortic aneurysms. The aim should be to identify 
patients before there are signs of rupture and to 
operate upon them electively. In order to find these 
patients special risk groups should be screened with 
an ultrasonic B-scan. 

We posed ourselves two questions in this study: 
the first one was which patients without signs of 
rupture should be operated upon? As one never 
knows when an aneurysm will rupture, we may 
answer with DeBakey that ‘all patients in whom 
there are no contraindications should be operated’. 
An elective aneurysmectomy is today a routine 
procedure with an operation time of around 3 h and 
a postoperative hospital time of about 1 week. With 
increasing experience in the team the hospital mort- 
ality will be very low. In the younger patients all 
aneurysms should be resected, especially those due to 
arteritis. In patients older than 70 years of age the size 
of the aneurysm is the most important indication. If 
the aneurysm is small, its development can be studied 
by means of regular ultrasonic B-scan examinations. 

The second question was which patients with a 
ruptured aneurysm should not be operated upon? 
There are no absolute criteria concerning the indi- 
cation not to operate but one has to consider the 
enormous resources this treatment consumes con- 
sidering the usual poor results in this group. Massive 
bleeding often results in depletion of the blood bank; 
the postoperative intensive care is almost always 
complicated and implies enormous work on the part 
of the intensive care personnel and great suffering 
for the patient and his relatives. There seems to be a 
sequential system failure after the emergency opera- 
tion. Serious consideration should be given as to 
whether it is right to operate on patients of more than 
70 years of age who are admitted in a state of shock 
with a ruptured aortic aneurysm and who have other 
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concomitant disease, or whether these patients should 
be allowed to live the last days of their life under 
more quiet circumstances than those of an intensive 
care unit. 
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Haemodynamics of axillofemoral grafting in a case 
with normal inflow and outflow vessels 


A. DELIN AND J. SWEDENBORG* 


SUMMARY 

Intra-operative haemodynamics were studied in a case 
of axillofemoral grafting. When the normal axillary 
artery acted as the donor artery no steal from the arm 
occurred, even after vasodilatation in the leg. When, 
conversely, the very poor arterial collaterals to the leg 
were required to serve as donor arteries because the 
axillary artery proximal to the anastomosis was 
occluded by a clamp, a steal from the leg to the arm 
was observed. The study supports the concept that only 
if the donor artery has a high resistance to flow can a 
steal develop. 


AXILLOFEMORAL grafting, originally described by 
Blaisdell and Hall (1963) and by Louw (1963), is now 
an established bypass procedure. In view of the very 
low resistance to flow of normal arteries, one would 
expect that, in this operation, an increased flow in the 
subclavian artery would compensate for the flow that 
is diverted through the graft. This is supported 
experimentally (Ehrenfeld et al., 1968). In clinical 
practice, the condition of the subclavian (donor) 
artery may not always be quite normal, and several 
authors (Dumanian et al., 1965; Sauvage and Wood, 
1966; Harper et al., 1967) have taken into account 
the hazard of creating a steal in this and other extra- 
anatomical bypass procedures. Although occasional 
reports of arm ischaemia after axillofemoral grafting 
exist (Sauvage and Wood, 1966), steal does not seem 
to have been a major problem in a number of reported 
series. 

Some clinical haemodynamic studies of another 
type of extra-anatomical bypass—-the femorofemoral 
graft—exist (Parsonnet et al., 1970; Sumner and 
Strandness, 1972) but similar documentation of the 
axillofemoral graft is sparse. We recently had the 
opportunity to study the haemodynamics of axillo- 
femoral grafting intra-operatively under basic con- 
ditions, i.e. in a patient with localized iliac occlusion 
and minimal atherosclerotic disease in both donor 
and recipient vessels. 


Case report 

in late 1973 a poorly differentiated carcinoma of the bladder 
was diagnosed in a 59-year-old man. This was treated by 
external irradiation and intravesical cytotoxic agents. Approxi- 
mately 2 years after the radiation therapy he developed bilateral 
claudication which rapidly progressed to rest pain in his 
right foot. Physical examination revealed no palpable pulses 
in either leg; his radial pulses were normal and there 
was moderate dependent rubor in the right leg. His ankle 
pressures were 40 mmHg (5:3 kPa) in the right leg and 
60 mmHg (8-0 kPa) in the left leg. No pulse tracings could be 
obtained with a mercury-in-rubber strain gauge from the toes 
of his right foot or the right ankle. Angiography demonstrated 
bilateral occlusion of the external iliac arteries but only 
minimal other atherosclerotic disease from the distal aorta to 
the lower leg on both sides. The collateral circulation was better 
developed on the left side. The cause of the vascular occlusions 
was thought to be the radiation therapy. Since the patient 
continued to produce malignant cells from his bladder and had 
received radiation therapy to the pelvic region, it was not 


considered advisable to operate in the retroperitoneal area 
and to implant a vascular prosthesis there. However, the 
patient’s good general condition made an operation to relieve 
his right-sided rest pain desirable. Thus a right-sided axillo- 
femoral graft of knitted Dacron was inserted. 


The vessels exposed during the operation were free from ° 


atherosclerosis. After insertion of the graft intra-operative 
flow measurements were made using a square wave electro- 
magnetic flowmeter.t Flow probes were placed on the graft 
and on the axillary artery distal to the anastomosis. The 
following vessels were temporarily occluded: the axillary 
artery proximal to the anastomosis, the axillary artery distal 
to the upper anastomosis, the graft, the common femoral artery 
proximal to the lower anastomosis, the superficial femoral 
artery and the deep femoral artery. Other branches of the 
femoral artery were kept occluded by slings during the whole 
study. Injections of papaverine (40 mg) were made in the 
axillary artery proximal to the anastomosis and in the common 
femoral artery in order to produce maximal vasodilatation. 

The postoperative course was uneventful. The rest pain was 
relieved and the graft is patent 4 months after its insertion. 
After recovery from the operation walking has not evoked 
any symptoms of ischaemia in the right arm or leg. The 
patient’s walking capacity is limited, however, by left-sided 
claudication. 


Results B 

The measured flows are presented in Fig. 1. With the 
graft occluded, the flow in the axillary artery was 
140 ml/min. When the graft was opened, conducting 
550 ml/min to the leg, the flow in the axillary artery 
declined only 10 per cent, to 125 ml/min. Injection of 
papaverine into the axillary artery proximal to the 
anastomosis resulted in a temporary increase in flow 
to 300 ml/min in the axillary artery and to 870 ml/min 
in the graft. Closing or opening the graft during this 
phase of peripheral vasodilatation did not affect the 
axillary arterial flow any more than it did under 
resting conditions. The 550ml/min entering the 
common femoral artery under resting conditions were 
distributed as follows: superficial femoral artery, 
365 ml/min; deep femoral artery, 160 ml/min; com- 
mon femoral artery (retrograde), 25 ml/min. When 
the common, the superficial and the deep femoral 
arteries and the graft were open, and the axillary 
artery occluded proximal to the anastomosis on this 
artery, the flow recording from the graft differed from 
zero, and it could repeatedly be ascertained that there 
was a small retrograde flow of the magnitude 20 ml/ 
min. An antegrade flow of the same magnitude was 
simultaneously measured in the axillary artery distal 
to the graft. This represents a steal of blood from the 
leg to the arm. 


Discussion 

Our patient presented an unusually favourable 
situation both for surgery and haemodynamic studies 
because he had little atherosclerotic disease, as 
evidenced by the operative findings and the prac- 
tically normal arteriograms distal to the inguinal 
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a b 7 
Fig, 1. Circulatory condition after axillofemoral grafting: a, with the graft occluded; b, 
with the graft open; c, with the graft open but with occlusion of the axillary artery proximal! 
to the anastomosis. The locations of the flow probes on the axillary artery and graft are 
indicated and flows are given in ml/min. Retrograde flow is indicated by an arrow. 


ligaments. The graft flow measured by the present 
authors corresponded very closely to the values 
reported by Mannick and Nabseth (1968) from 2 
patients with axillofemoral grafts. 

The 10 per cent decrease of blood flow to the arm 
when the bypass graft was opened is of no con- 
sequence for the arm. When papaverine was injected 
intra-arterially, simulating the effect of arm work, 
flow to the arm doubled in spite of the high flow 
which was simultaneously diverted through the graft 
to the leg. The minor reduction in arm flow upon 
opening the graft should therefore not be classified 
as a steal. Interestingly enough a steal could, however, 
be demonstrated in the very extreme situation with 
axillary artery occlusion proximal to the upper 
anastomosis. In this situation the leg and the arm were 
suffering from ischaemia and low arterial blood 
pressure. Then, the region best supplied by collateral 
circulation, the leg, delivered a minute supply of 
blood to the arm with its probably less developed 
collateral circulation. This occurred in spite of the 
collateral circulation to the leg being so poor that it 
could not prevent rest pain in the foot preoperatively. 
Here it would be appropriate to talk about a steal, 
since if the axillary arterial occlusion had been main- 
tained, the foot would probably have been even more 
ischaemic than before the operation. 

Previously only occasional cases have been reported 
where symptoms of steal were caused by an axillo- 
femoral graft (Sauvage and Wood, 1966). Also, large 
series of femorofemoral and axillofemoral grafts 
have been published without mention of steal (Mannick 
et al., 1970; Parsonnet et al., 1970; Moore et al., 1971), 
and in the few cases of femorofemoral grafts where a 
steal has occurred this has been explained by severe 
narrowing of the donor artery (Sumner and Strand- 
ness, 1972). 

Our results underline the known prerequisites for 
the occurrence of a steal: there must be a low resis- 
tance collateral pathway between the area which is 
losing and that which is gaining blood by the steal; 


, and a second requirement is a high resistance to flow 


C 


in the artery proximal to this collateral pathway— 
the donor artery. If the metabolic demand in one of 
the involved areas lowers its peripheral resistance, 
this area may drain more blood from the donor artery, 
lowering the pressure at the branching point and 
thereby lowering pressure and inflow to the other 
area, i.e. ‘stealing’ blood from it. As evidenced by the 
clinical experience cited and by our intra-operative 
measurements, the resistance of the donor artery 
has to be very high before a steal condition will 
develop. 
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Distal lower limb arterial reconstruction with 
modified allograft saphenous veins 


A. G. R. SHEIL, M. S. STEPHEN, A. J. BROOKS, D. S. JOHNSON 


AND J. LOEWENTHAL* 


SUMMARY 

Cadaveric donor saphenous veins subjected to proteo- 
lytic enzymatic digestion, crossbonding and heparin 
bonding were used for arterial reconstruction in the 
legs of 13 patients threatened with amputation and 
without suitable autogenous saphenous veins. Distal 
anastomoses were to the tibial and peroneal vessels. 
Twelve patients (92 per cent) were discharged from 
hospital with functioning grafts; 9 grafts (69 per cent) 
continue to function 2-16 (average 8) months after 
operation, Amputation was avoided in 11 patients 
(85 per cent). Although early results are encouraging, 
late results are yet to be determined. 


AUTOGENOUS saphenous vein remains the most 
successful conduit for small vessel arterial recon- 
struction. However, a satisfactory alternative 1s 
required to obviate the need for dissection of the vein 
and for use in patients needing arterial reconstruction 
but lacking suitable saphenous veins. 

After successful laboratory tests, comparative 
performance of an arterial substitute can, with 
propriety, be gauged by its use for a long bypass in 
the ischaemic limbs of individuals who do not have 
satisfactory autogenous saphenous veins. In these 
circumstances such patients face amputation, as no 
substitute has yet proved of consistent value. 

We report here early clinical experience with a new 
conduit used for long arterial bypass in the lower 
limb. The conduits were allograft saphenous veins 
modified by the methods of Rosenberg et al. (1970) to 
reduce antigenicity. 


Patients and methods 

Saphenous veins of more than 4 mm in diameter were removed 
from human cadaver donors within 3 days of death, irrespective 
of the age or cause of death of the donor. The central ends of 
all tributaries were secured with haemostatic metal clips. The 
veins were irrigated with a solution of Q@-9 per cent saline 
containing 10 iu. of heparin/ml (HNS) and the antibiotics 
gentamicin sulphate (8 mg/100 ml) and benzyl penicillin 
(120 mg/100 ml). The ends of both veins were cannulated. 
The veins were immersed in and perfused with a | per cent 
aqueous solution of commercial Ficin (Sigma Chemical 
Co., St Louis, USA) for 24 h at 37°C. The solution was 
buffered to pH 5-5 with citrate buffer. A trace of L-cysteine 
was added to ensure full activation of proteolytic enzymes. 
Digestion was terminated by deactivating the absorbed 
proteases with a solution of 1 per cent sodium chlortte for 
18h at 37°C, again by immersion and perfusion. The veins 
were distended with HNS and the cannulated ends were closed 
with silicone rubber stoppers. Crossbonding of collagen in the 
vessel walls was achieved by submersion in a 1:3 per cent 
solution of dialdehyde starch, buffered to pH 8-8 with sodium 
bicarbonate for 18 h at 37°C. Crossbonding was termi- 
nated by immersion in and perfusion with two changes of 
500 ml of HNS. The veins were filled with 0-9 per cent saline 
containing sodium heparinate (500 mg/100 ml) and sealed in 
plastic bags together with 5 mi of the same solution. Steriliza- 
tion was by gamma irradiation (25 Mrad). Veins were stored 
at 4 °C. 


Histological examination of the modified veins showed 
them to consist mostly of collagen. Endothelium was absent or 
degenerate. Viable cells were absent though nuclei and nuclear 
fragments sometimes remained. Muscle fibres were denatured 
and elastic tissue was fragmented. Sections stained with 
toluidine blue to demonstrate the presence of heparin showed 
heavy deposits of this throughout the vein wail. 

The veins were tested successfully in the laboratory as 
reported elsewhere (Sheil et al., 1977). For the past 16 months 
the grafts have been used in clinical practice. 

Thirteen patients whose average age was 73 years were 
offered the operation. All had persistent rest pain, 12 had 
either ischaemic ulceration or gangrene and all faced amputa- 
tion. The cause of arterial blockage was atherosclerosis, though 
4, in addition, were diabetics. Four had already had a failed 
autogenous saphenous vein bypass on the same side months 
or years previously. Angiography revealed blockage of the 
superficial femoral artery of the affected side and blockage or 
severe disease of the popliteal artery. There was a patent tibial 
or peroneal artery available in some part of its course in each 
patient. Two patients had extensive aorto-iliac involvement 
with atherosclerosis on the affected side and 5 had significant 
obstructive atherosclerosis in vessels beyond those used for 
anastomosis. Reasons for inadequate or absent autogenous 
saphenous veins were severe varicosity (6}, previous use or 
removal! (5) or anatomical unsuitability (3). 

In all patients grafts were anastomosed to common or 
superficial femoral arteries proximally and to peroneal (7), 
posterior tibial (5) or anterior tibial (1) arteries distally. 


Results 

Of the 13 patients, 12 (92 per cent) left hospital with 
functioning grafts and healed or healing limbs. 
Nine grafts (69 per cent) continue to function after 
periods of 2-16 (average 8) months. Eleven patients 
(85 per cent) have avoided amputation. 

The single in-hospital failure occurred in a patient 
in whom anastomosis was to an isolated posterior 
tibial artery segment. The lower posterior tibial artery 
was occluded at the level of the malleolus. Above- 
knee amputation was required. 

The 3 late closures occurred in the following 
circumstances. One elderly diabetic patient was 
readmitted with vomiting, dehydration and hypo- 
tension of uncertain aetiology. During a period of 
severe illness the bypass thrombosed. A second 
patient, with angiographically demonstrated severe 
atherosclerotic obstruction in both pedal vessels 
beyond the site of anastomosis of the graft to the 
posterior tibial artery, suffered graft thrombosis 
4 months after operation. In the third patient failure 
of the long bypass occurred 5 months following 
operation because of closure of the aorto-iliac 
segment providing inflow to the graft area. In only 
1 of these 3 patients was amputation required, the 
other 2 retaining their healed limbs. 
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Amputation was required for the patient with 
thrombosis 4 months after operation and the graft 
was thus available for histological examination. The 
graft was shown to be encased in dense fibrous tissue 
with gradual involvement of the graft media with 
granulation tissue. A few scattered lymphocytes were 
present but there was little evidence of immunological 
change. Endothelium was present. 


Discussion 

The in-hospital success rate of 12 out of 13 is at least 
equivalent to that which we might expect with auto- 
genous saphenous vein (Stephen et al., 1976). Factors 
which might contribute to early success are that all 
modified veins used are of good diameter and adequate 
length—not always the case with autogenous vein— 
and have high concentrations of heparin bonded in the 
vein walls, 

The long term outlook remains to be determined. 
Patients reported here with successful grafts show no 
evidence of developing complications; cases of late 
closure seen so far were predisposed to by factors 
unrelated to the grafts themselves. Encouraging 
features are that some grafts are persisting in patients 
with poor run-off beyond the grafts and that late 


closure is not necessarily followed by recurrence of 
rest pain. In the laboratory, modified veins are 
functioning in a severe xenograft test system-—the 
longest for 23 months. Angiograms reveal no evidence 
of developing degeneration which might lead to 
thrombosis or aneurysm formation. Here, as with the 
single graft available for histological examination 
in this report, evidence of aggressive immunological 
attack was absent. It seems possible that absence of 
rejection phenomena will permit continued patency 
with strengthening rather than weakening of the 
vein walls. 
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Seasonal variation in the incidence of 


deep vein thrombosis“ 


J. C. LAWRENCE, A. XABREGAS, L. GRAY AND J. M. HAMt 


SUMMARY 

Two double-blind controlled clinical trials of the 
effectiveness of prophylactic low dose subcutaneous 
calcium heparin (dose based on body weight) in the 
prevention of deep vein thrombosis (DVT) have been 
completed. The first was concerned with upper abdo- 
minal operations in 242 patients over 2} years of age, 
and the second with 50 patients presenting with a 
fracture of the neck of the femur, There was no increase 
in the incidence of bleeding or wound complications in 
the patients given heparin. In each trial, the incidence 
of DVT as diagnosed by **I-labelled fibrinogen was 
significantly reduced in the treated group. 

The incidence of DVT in the control groups varied 
significantly during the period of the trials. The 
incidence was much higher in the cold half of the year 
than in the hot months. 

In the first trial, this variation in incidence was 
directly correlated with the average temperature and 
the diurnal variation in temperature in the perioperative 
period. These results may help to explain the con- 
siderable variation in the incidence of postoperative 
DVT reported from various parts of the world, and also 
from within Australia. 


In 1971 we began a double-blind controlled clinical 
trial of the efficacy of low dose subcutaneous heparin 
in preventing postoperative deep vein thrombosis. 
The stimulus for this study derived from the demon- 
stration of the effect of small doses of heparin on 
platelet function in the postoperative patient (Ham 
and Slack, 1968; Ham, 1969; Ham and Lawrence, 
1977) and the belief that it thus might reduce the 
incidence of DVT. In this trial heparin was found to 
be effective, and it was also found that the incidence 
of DVT in the control group was not constant, the 
frequency being much higher in the cold period of the 
year than in the hot months. A second similar trial was 
then carried out in patients with femoral neck 
fractures and the variation in incidence was confirmed. 
We present here evidence that these findings may have 
been due to seasonal or climatic factors. 


Patients and methods 


Patients: first trial 

All patients over the age of 21 years presenting for elective 
upper abdominal surgery in one surgical unit were considered 
for inclusion in the trial. The patient was approached if there 
was none of the following contraindications: severe liver or 
renal disease, a bleeding tendency, anticoagulant therapy, 
possible pregnancy, iodine allergy, Jehovah's Witness faith, 
isotope monitor failure, or less than 3 days’ notice in patients 
admitted more than 4 days preoperatively. If informed written 
consent was obtained, the patient was allocated a number 
which referred to a box of ampoules containing either calcium 
heparin 10 000i1.u./ml (Calciparine, Choay) or saline, as 
randomized by the hospital pharmacist. The actual contents 
were known by the pharmacist only. 

The patients were given 0-01 ml/kg of solution (i.e. 100 Lu./kg 
of heparin in the treated group) by deep subcutaneous injection 
into the thigh or lower abdomen approximately 3 hours before 
surgery and then 12-hourly for 5 days postoperatively, or 


unt full ambulation was achieved, whichever was the 
longer. 

The details of the patients and the operations performed 

are shown in Table J. All patients had nitrous oxide-oxygen 
muscle-relaxant general anaesthesia and the operating table 
was horizontal. 
Diagnosis of DVT: Deep vein thrombosis was diagnosed by 
the ***I-labelled fibrinogen uptake test (Negus et al., 1968: 
Kakkar et al., 1970; Pai and Negus, 1971). Approximately 
100 uCi of **I-labelled fibrinogen (Radiochemical Centre, 
Amersham) was given immediately postoperatively. Com- 
mencing on the first day after operation the legs were scanned 
daily by one observer (J. C. Lj until 3 days after the last 
subcutaneous injection. A Pitman 235 isotope localization 
moniter was used. With the legs elevated, the heart count was 
adjusted to read 100 per cent. Counts taken at sites Som 
apart (6 on the calf and 5 on the thigh) were read as per- 
centages of the heart count. Deep vein thrombosis was 
diagnosed if the count at any position on the leg was 20 per cent 
higher than the count at an adjacent site or at the same position 
on the other leg and if this elevation persisted for 24 hours 
or more. If, during the course of following a patient, the pre- 
cordial count fell to an unacceptable level and the patient 
was not fully ambulant, the dose of *I-labelled fibrinogen was 
repeated. 

In the case of patients in hospital for more than 4 days 
before operation, a dose of 50 uCi of '*l-labelled fibrinogen 
was given at least 3 days preoperatively and their legs were 
scanned daily and immediately before operation. There were 
71 such patients, 2 of whom had a positive scan and were 
therefore excluded from the trial (Table H} 

All patients were given sodium iodide 100 mg daily, either 
orally or intravenously, | day before and for 1 month after 
receiving ““I-labelled fibrinogen. 


Patients: second trial 

AH patients presenting to the Accident Centre, Prince of Wales 
Hospital, with a fracture of the neck of the femur were con- 
sidered for inclusion in the trial. The contraindications to 
inclusion were the same as in the first trial, and the method of 
randomization was also the same. 

if informed written consent was obtained, the patient was 
given 0O-O1 ml/kg of solution (te. 100 1.u./kg of heparin in the 
treated group) in the same fashion as in the first trial. Treatment 
was commenced as soon as possible after arrival at the hospital 
and was continued at 8-hourly intervals before and after the 
treatment of the fracture for a total period of 2 weeks. No 
patient was excluded after randomization. 

The details of the patients are shown in Table IH. The 

operations were performed using nitrous oxide-oxygen 
muscle-relaxant general anaesthesia and the operating table 
was horizontal. 
Diagnosis of DVT: All patients were given 100 uCi of PP- 
labelled fibrinogen within 12 hours of admission and leg 
scanning was commenced on the first day after admission. No 
patient had a positive scan before operation. Scanning was 
continued for up to 3 weeks, one (or in some cases two) further 
injection of 100 uCi “*l-labelled fibrinogen being given when 
the precordial count fell to an unacceptable level. 
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Table I: PATIENT DETAILS AND OPERATIONS 
PERFORMED IN THE FIRST TRIAL 


J. C. Lawrence et al. 








Heparin Placebo 
Patients 122 (8) 120 (20) 
Age (yr) (mean + s.e.) 49-0 1-3 485-3 
Preoperative hospital stay 4-8-08 44-035 
(d} (mean -:s.e.) 
Male 48 (2) 45 (10) 
Female 74 (6) 75 (10) 
Previous venous thrombo- 6 (0) 14 (2) 
embolism 
Varicose veins 16 (2) 21 (6) 
Malignancy 18 (3) 10 (4) 
Operations 
Duration (min) 128:4-2-4-2 133] S3 
{mean ise.) 
Bihary 77 (5) 87 (14) 
Gastric 29 (1) 21 (5) 
Laparotomy fi (tb) 6 (1) 
Splenectomy 4 {i} 3 (0) 
Pancreatic 1 (0) 3 (0) 
Figures in parentheses are the number of patients developing 
postoperative DVT. 
Table Hi: PATIENTS EXCLUDED FROM THE 
FIRST TRIAL AFTER RANDOMIZATION 
Operation cancelled 2 
Preoperative DVT 2 
Thoraco-abdominal procedure 2 
Reoperation 2 
Omission of an injection 3 
Failure of isotope scanner 9 
Total 20 
Table IHI: PATIENT DETAILS AND OPERATIONS 
PERFORMED IN THE SECOND TRIAL 
Heparin Placebo 
Patients 25 (0) 25 (12) 
Age (yr) (mean s.e.) 745-15 76:7 + 1-4 
Male 5 7 (3) 
Female 20 18 (9) 
Fractured right femur j4 11 (7) 
Fractured left femur il 14 (5) 
Obesity 4 4 (2) 
Malignancy 3 7 (2) 
Varicose veins li 12 (9) 
Previous venous thrombo- 5 {l 
embolism 
Operations 
Ni 2 0 
Thornton pin and plate 10 14 (6) 
Jewett’s pin and plate 4 6 (3) 
Austin Moore prosthesis 9 § (3) 


iit et hhh eh e RT RPE ee Re 
Figures in parentheses are the number of patients developing 
postoperative DVT. 


Table IV: COMPARISON OF INCIDENCE OF DVT 
IN THE HOT AND COLD PERIODS OF THE 
YEAR IN THE FIRST TRIAL 


Nov.~-April (hot) May~Oct. (cold) 


No. of No. with No. of No. with 

patients i DVT patients DVT* 
Placebo 49 3 (6°) 71 17 Q4%)t 
Heparin $4 4 (7%) 68 4 (6%) 


Pec OO, 
t Nov.-April p. May~Oct. y% with Yates’ correction = 3-41, 
P<0-05. 


15 





Fig. 1. Monthly incidence of DVT in the 120 control 
patients in the first trial. 


All patients who developed a positive scan as defined above 
had ascending functional phlebography performed as described 
by Nicolaides et al. (1971). The scan result was confirmed in 
every mstance. 


Withdrawal of patients 

In each trial any patient who developed a positive scan was 
withdrawn from the trial and then managed by the appropriate 
surgeon. In addition, provision was made in each trial for a 
patient to be withdrawn if excessive bleeding occurred, 
although this did not prove necessary. 


Results 

First trial 

Two hundred and sixty-two patients began the trial, 
of whom 20 were excluded for the reasons shown in 
Table 11. Thus, 242 patients completed the trial which 
lasted from July 1971 to September 1973. Eight 
patients of 122 (7 per cent) in the heparin-treated 
group and 20 of 120 (17 per cent) in the placebo 
group developed a postoperative deep vein thrombosis. 
This difference is significant (y? with Yates’ correc- 
tion = 5-10, P<0-05). 

In the control group there were two long runs of 
consecutive patients in whom no DVT occurred (one 
run of 23 patients, the other of 27). This distribution 
is highly significantly non-random; the expected 
number of runs of 23 or more patients without DVT 
(| +standard deviation) is 0-30+0-47 (Documenta 
Geigy, 1962). The observed number of runs in our 
trial was 2, this being significantly greater than 1 
(P = 0-0002). Thus the incidence of DVT was not 
constant throughout the period of the trial. The 
intervals without occurrence of DVT extended from 
October 1971 to April 1972 (27 patients) and from 
November 1972 until April 1973 (23 patients). 
These two periods roughly cover the duration of 
Sydney’s hot weather. The total number of control 
patients admitted to the trial each month and the 
monthly incidence of DVT are shown in Fig. 1. If the 
year is divided into a hotter 6-month period (Novem- 
ber to April) and a colder 6-month period (May to 
October), the incidence of DVT in the colder 
6 months (24 per cent) was significantly higher than 
that during the hotter 6 months (6 per cent) (Table IV). 

This difference in incidence was more pronounced 
in patients over 40 years of age; 2 of 34 patients 
(6 per cent) developed postoperative DVT during the 
hot period as compared with 14 of 46 patients (30 per 
cent) in the cold period (y? with Yates’ correction = 


5-91, P<0-02). It was during the colder period of the 
year that low dose heparin was effective in preventing 
postoperative DVT (Table IV). 

Unfortunately the daily temperatures for the 
hospital wards were not recorded. The maximum and 
minimum temperatures for each day of the trial were 
therefore obtained from the Sydney Bureau of 
Meteorology. The rise and fall of temperature, and 
the average temperature, for the 2 days before the 
day of operation and for the 2 days after operation 
were calculated for each patient in the control group. 
The patients were then ranked in order for each of 
these values, and the ranks divided into 12 groups of 
10 patients. Using Kendall's coefficient of rank 
correlation, the correlation between the number of 
patients per group developing DVT and the rise or 
fall in temperature and the average temperature was 
determined (Tables V, VI). There were significant 
negative correlations between the incidence of DVT 
and the average temperature for each half day from 
the morning of the preoperative day up to the second 
postoperative day. There were also significant 
positive correlations between the incidence of DVT 
and the fall in temperature from the day before 
operation to the morning of the operation day, and 
also the fall in temperature from the operation day 
to the next morning. 


Second trial 

The results of the second trial are summarized in 
Table VI. Twelve of the 25 patients in the control 
group developed DVT during the first 2 weeks 
postoperatively, whereas there were no cases of DVT 
in the 25 treated patients (y? with Yates’ correction = 
18-53, P<0-0005). However, 4 patients developed 
DVT within 8 days of stopping the heparin, and 2 
of these patients subsequently had pulmonary 
emboli. These 4 episodes all occurred during the cold 
period of the year. 

Table VIII shows the incidence of DVT in the control 
patients during the hot and cold 6 months of the year. 
The incidence was found to be significantly higher in 
the cold 6 months (y? with Yates’ correction = 4-87, 
P<90-05). 


Bleeding and wound complications 
The detailed results of the two trials will be presented 
elsewhere, but in neither trial was there any significant 
difference between treated and control groups with 
respect to bleeding during or after surgery, wound 
haematoma or wound infection. 


Discussion 
The results of these clinical trials have demonstrated 
that the incidence of postoperative DVT is not 
constant in these two hospitals and that many more 
cases of DVT occurred in the cold 6 months of the 
year than in the hot period. In the first trial, there 
were significant correlations between the incidence of 
DVT and the average temperature and the diurnal 
variation in temperature during the perioperative 
period. Heparin was found to be effective in signifi- 
cantly reducing the incidence of postoperative DVT, 
and had its greatest effect during the cold 6 months of 
the year. 

The suggestion that the incidence of DVT and 
pulmonary embolism may be influenced by climatic 
or seasonal factors is not new, but this is the first 
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Table V: CORRELATIONS BETWEEN THE AVERAGE 
TEMPERATURE AND THE INCIDENCE OF DVT IN 
THE CONTROL PATIENTS IN THE FIRST TRIAL 





Kendall's 
correlation 
Average temperature coefficient P 

Min. day —2 to max, day —2 — 030 Olt 
Max. day —2 to min. day -} 9 — 0-39 0-08 
Min. day ~ltomax.day =~} 39 — 0-54 0-01 * 
Max. day —} to min. day 0 -~ 0-52 9-02* 
Min. day Oto max.dayO0 o oa 0-58 0-008 * 
Max. day Oto min. day ~—b 0-54 0-O1* 
Min, day + 1 to max. day +} — 057 0-01* 
Max. day + | to min. day +2 -0-52 0-02 * 
Min. day +2 to max. day +2 — 0-53 0-02 * 


eo 





* Significant correlation. 
~ or +, Days before or after operation. 


Table VI: CORRELATIONS BETWEEN THE RISE AND 
FALL IN TEMPERATURE AND THE INCIDENCE OF 
DVT IN CONTROL PATIENTS IN THE FIRST TRIAL 





Kendall's 
correlation 
Temperature coefficient P 
Rise min. day -—2 to max. day —2 0-25 0-26 
Fall max. day —2 to min. day ~1 0-10 0-65 
Rise min. day --1 to max. day —1 0-32 Q-15 
Fall max. day — iI to min. day 0 0-61 0-005 * 
Rise min. day 0 to max. day 0 0-39 0-08 
Fall max. day 0 to min. day +} 0-48 0-03 * 
Rise min. day +i to max. day +I 0-22 0°33 
Fall max. day +1 to min. day +2 0-03 0-88 
Rise min. day +2 to max. day +2 0-42 0-06 
* Significant correlation. 
~~ or +, Days before or after operation. 
Table VII: RESULTS IN THE SECOND TRIAL 
Heparin Placebo 
No. of patients 25 25 
No. with DYT 0 12 


Z? with Yates’ correction = 18-53 (P<0-0005). 


Table VIH: COMPARISON OF INCIDENCE OF DVT 
IN THE HOT AND COLD PERIODS OF THE YEAR IN 
THE SECOND TRIAL (CONTROL PATIENTS) 


Nov.—April (hot) May-Oct. (cold) 


No. of patients 15 10 
No. with DVT 4 8 


Z? with Yates’ correction = 4-87 (P < 0-05). 





demonstration of such a relationship using an accurate 
method of diagnosis of DVT. There are reports in the 
European literature suggesting an association between 
the occurrence of pulmonary embolism and the 
preceding passage of a meteorological front or period 
of stormy weather (Raettig and Nehls, 1940; Merz, 
1948). The increased incidence was attributed to the 
change in either temperature or barometric pressure. 
The same suggestion has been made by other authors, 
particularly DeTakats et al. (1940), who reported 
that pulmonary embolism was more common in the 
spring and autumn, and Newton (1951), who found 
that clinically diagnosed postoperative DVT was 
more common in the same periods. Allen et al. (1945) 
reported that DVT and pulmonary embolism were 
commoner in the winter and Feinleib (1972), examin- 
ing recent vital statistics for the United States, 
showed a definite seasonal fluctuation in deaths 
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from diseases of veins, with the highest incidence 
during winter. Presumably, the vast majority of these 
deaths was due to pulmonary embolism. The only 
conflicting report we have found is that of Smyrnis 
and Kolios (1973) who suggested that DVT was 
common in the summer. Thus the weight of previous 
evidence supports the findings of this study. 

Clearly, there are many factors which may have 
contributed to this seasonal variation. The most 
obvious are differences in the physical environment 
of our wards, or operating theatres, in winter as 
compared with summer. Our wards are heated by 
hot water radiators in winter and are not alir- 
conditioned in summer. Thus, our patients are 
exposed to seasonal variations in temperature and 
barometric pressure. Tromp (1963, 1974) has reviewed 
the variety of effects such seasonal variations may 
have on basic physiological mechanisms. These 
effects are many, and include alterations in blood 
volume, plasma fibrinogen levels, clotting times and 
serum lipids—all of which might influence the 
incidence of DVT. 

There is a very marked difference in the incidence 
of postoperative DVT reported from various centres 
around the world. The incidence varies from 30 per 
cent in patients over 40 in Europe (Negus et al., 
1968; Kakkar et al., 1972), to 12 per cent in Khartoum 
(Hassan et al, 1973), 10 per cent in Malaysia 
(Cunningham and Yong, 1974) and 2-4 per cent in 
Thailand (Chumnijarakij and Poshyachinda, 1975). 
These differences may be partly explained by climatic 
factors, as the present study suggests, but clearly 
many other elements, e.g. diet and race, may be 
important. There is some evidence that there are 
differences in the incidence of postoperative DVT 
within Australia. In this study, carried out in the 
temperate climate of Sydney, the incidence in patients 
over 40 was 20 per cent; however, the incidence in 
subtropical Brisbane is approximately 12 per cent 
and that in Melbourne (which is much further south 
than Sydney) is at least 30 per cent (Williams et al., 
1973). There is also evidence that the mortality rate 
from pulmonary embolism in Australia reflects the 
same pattern, i.e. lowest in Queensland and highest in 
Victoria, with the rate in New South Wales inter- 
mediate between the two (Williams et al., 1973). 

Investigation of these differences may provide 
valuable information concerning the aetiology of 
venous thrombosis. It will also be important to deter- 
mine whether similar results are obtained in other 
countries and other climates. In the present study, 
heparin was effective as a prophylactic agent only in 
winter: if this is true in other countries, then the 
implications for heparin prophylaxis are obvious in 
terms of cost and effectiveness. Finally, an important 
immediate application of the results is in the design of 
future trials and in the interpretation of the results of 
past trials. Any protocol must take into account the 
possibility of a seasonal variation in the incidence of 
DVT during the period of the trial. 
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Mesenteric venous thrombosis occurring 
late after splenectomy 


NAOFUMI NAGASUE, KIYOSHI INOKUCHI, MICHIO KOBAYASHI AND 


MOTONORI SAK U* . 
SUMMARY 

: í : s P Hgb WBC 
Two patients with mesenteric venous thrombosis which  P'atests (g/100mt) (x10) 
occurred late after splenectomy are reported. In the — 80 “war y eee 20 40 
first case the thrombosis was seen, with preceding | Splenectomy k 


thrombocytosis, 3 years after splenectomy. In the 
second case the thrombosis occurred 2 years and 5 
months postoperatively. Platelet counts had not been 
obtained before the mesenteric thrombosis in this case. 
In both instances persistent severe anaemia for several 
weeks preceded the symptoms and signs of mesenteric 
venous thrombosis. Both patients were treated by 
extended resection of the affected small bowel. Thus, 
dangerous thrombocytosis may occur in the presence 
of persistent severe anaemia even late after splenec- 
tomy. Thrombocytosis occurring immediately after 
splenectomy, which is almost inevitable, should be 
treated with heparin or other anticoagulants. In the 
late period the avoidance of persistent severe anaemia 
seems to be important in the prevention of thrombotic 
complications due to reactive thrombocytosis in splenec- 
tomized patients. 


RECENTLY, it has become apparent that post-splen- 
ectomy thrombocytosis often induces thrombotic 
complications such as thrombophlebitis of the extrem- 
ities or elsewhere, pulmonary infarction or thrombosis 
of the mesenteric venous system. Thrombocytosis 
following splenectomy usually reaches a peak during 
the first few weeks postoperatively (Hayes et al., 
1963). Therefore, thromboembolic episodes are most 
likely to occur in this period. To prevent such compli- 
cations the use of low dose heparin, low molecular 
weight dextran, acetylsalicylic acid or dipyridamole 
is commonly recommended. 

Mesenteric venous thrombosis is a rare but often 
fatal complication of splenectomy. The association 
between post-splenectomy thrombocytosis and mesen- 
teric venous thrombosis was first suggested by John- 
son and Bagenstoss in 1949. Since then, several 
reports of this entity have appeared (Case Records, 
1962; Bull et al., 1965; Balz and Minton, 1975). 
Recently, we have encountered 2 patients in whom 
venous thrombosis occurred late after splenectomy; 
3 years in one patient and 2 years and 5 months in 
the other. The clinicopathological details of these 
patients are described and the possible aetiology is 
discussed. 


Case reports 

Case 1: A 32-year-old man was admitted to Kyushu Univer- 
sity Hospital on 19 December 1975 with left-sided abdominal 
pain, vomiting, diarrhoea and gradual distension of the 
abdomen for | week before admission. 

Three years previously the patient had been found to have 
pancytopenia, marked splenomegaly and oesophageal varices. 
Following the treatment of anaemia by his family doctor, he 
was admitted to our department for a prophylactic operation 
for the oesophageal varices (27 November 1972). This com- 
prised left gastric—-vena caval shunt and splenectomy. During 
Operation the portal pressure was 44cm saline. The spleen 
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Fig. 1. Case 1. Changes in the haemoglobin, platelet count 

and white cell count. Note the correlation between the 

haemoglobin levels and platelet counts. 





Fig. 2. Case 1. Gross appearance of the resected jejunum 
with mesenteric venous thrombosis. 


weighed 1300 g. Histologically, the liver showed slight peri- 
portal fibrosis, and the spleen was diagnosed as showing 
splenomegaly in Banti’s syndrome. The postoperative course 
was uneventful and the patient was discharged 8 weeks after 
operation. During the following 3 years he remained in a 
satisfactory condition. 

On 20 November 1975 the patient had had a massive haema- 
temesis and was admitted to hospital on the following day. 
He was treated conservatively without blood transfusion in 
spite of severe anaemia (Fig. 1). Eighteen days after the 
haemorrhage his haemoglobin was 5:5 g/dl and his platelet 
count 690 x 10°/1. On 13 December he complained of left- 
sided crampy abdominal pain and vomited bile. He was 
treated with transfusion and analgesics for several days. On 
17 December he refused all food and developed watery diar- 
rhoea. The platelet count at this time was 500 x 10°/l and the 
white cell count 32:5 x 10°/1. On 19 December the patient, by 
now severely dehydrated, was transferred to our clinic. Abdo- 
minal X-rays demonstrated increased gas and air fluid levels 
in the small bowel especially on the left side of the abdomen. 
On the next day, after correction of the anaemia and dehydra- 
tion, the patient underwent operation with a diagnosis of 
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Fig. 3. Case 1. Histological sections of (a) gangrenous jejunum with small vein thrombosis, and (b) mesentery with 


extensive venous thrombosis and intact arteries. (HE. x 3.) 
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Fig. 4. Case 2. Changes in the haemoglobin, platelet count 
and white cell count. Platelet counts before mesenteric 
venous thrombosis were not available, but thrombocytosis 
was suspected during this period. 
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Fig. 5. Case 2. Gross appearance of the resected jejunum 
with haemorrhagic infarction. The most oedematous part of 
the jejunum was also resected. 





strangulation obstruction of the small intestine. At laparotomy, 
there was 4000 ml of serous ascites, and 80 cm of gangrenous 
and markedly dilated bowel were observed just distal to the 
ligament of Treitz. There was no external strangulation. The 
upper part of the mesentery was prominently oedematous as 

was the proximal half of the jejunum. The gangrenous bowel 


as well as the adjacent oedematous part of the jejunum was 
removed, and an end-to-end anastomosis was performed 
(Fig. 2). Histological studies showed extensive mesenteric 
venous thrombosis and haemorrhagic infarction of the jeiunum 
with intact arteries (Fig. 3). Postoperatively, the patient made 
an uneventful recovery without the use of heparin or other 
anticoagulants. 


Case 2: A 33-year-old woman was admitted to Kyushu Uni- 
versity Hospital on 20 December 1976 with left-sided abdo- 
minal pain, vomiting, abdominal distension and oliguria. 

In July 1970 she had been found to have ascites which had 
been treated medically. On 21 November she had had a 
haematemesis with subsequent tarry stools. She was treated 
by transfusion of 600 ml whole blood. On 18 July 1974 a 
massive haematemesis had occurred, and she was found to 
have marked oesophageal varices. On 8 July the patient 
underwent left gastric-vena cava shunt and splenectomy. At 
leparotomy the portal vein pressure was 34cm saline. The 
excised spleen weighed 550 g. Histological studies showed 
Laennec’s cirrhosis in the liver and congestive splenomegaly 
in the spleen. The postoperative course was uneventful. How- 
ever, a postoperative venogram revealed thrombosis of the 
shunt and there was no improvement of the varices. Later, 
bleeding recurred and cardiectomy was carried out via a 
thoracic route on 21 January 1975. After this operation the 
oesophageal varices disappeared completely, but the patient 
developed regurgitant oesophagitis which was treated conser- 
vatively. Before the splenectomy she had had pancytopenia 
which resolved postoperatively. Anaemia gradually increased 
after the second operation and she was treated medically 
(Fig. 4). Regrettably, there is no record of any platelet count 
during the period of severe anaemia. 

On 8 December 1976 the patient had left-sided abdominal 
pain and vomiting which was treated by her own doctor. 
Symptoms gradually increased, and she became unable to 
eat. Her general condition deteriorated, and the patient was 
admitted to our department 12 days after the onset of symp- 
toms. The abdomen was distended with ascites and there was 
a palpable mass in the left abdomen. Stools were reddish 
brown and positive for occult blood. Supine and upright films 
of the abdomen showed gas in the small bowel in the left side, 
but no fluid levels were observed. The white cell count was 
38-6 x 10°/1 and platelet count 170 x 10°/l at this time. 

On 20 December laparotomy was performed with a diag- 
nosis of strangulation obstruction of the jejunum. Serous 
ascites measuring 4000 ml was aspirated, and 45cm Qf gan- 
grenous jejunum were found 30cm distal to the ligament of 
Treitz without any evidence of external strangulation. There 
was marked oedema of the mesentery, retroperitoneum and 
non-gangrenous part of the jejunum. The gangrenous seg- 
ment and most oedematous part of the jejunum were resected 
(Fig. 5) with reconstruction by end-to-end anastomosis. Histo- 
logical sections showed mesenteric venous thrombosis and 


Mesenteric venous thrombosis 783 





a 


haemorrhagic infarction of the jejunum without involvement 
of the arteries (Fig. 6). 

Postoperatively, the patient complained of similar abdo- 
minal pain to that which she had had before operation. 
Accordingly, 30 000 units of Urokinase were infused during 
the first 3 postoperative days in order to prevent further 
thrombosis. She recovered gradually thereafter and was dis- 
charged 5 weeks after operation. 


Discussion 

Mesenteric venous thrombosis, which may be induced 
by various local or systemic factors, is a rare but 
critically serious disease of high morbidity and mort- 
ality (Mathews and White, 1971). Post-splenectomy 
thrombocytosis is one of the causes of mesenteric 
venous thrombosis. In 1949 Johnson and Bagenstoss 
reported an analytical study of 99 autopsies showing 
mesenteric venous occlusion. Five patients had 
previously undergone splenectomy, one of whom had 
an increased postoperative platelet count which was 
probably responsible for the thrombosis. The second 
report of mesenteric venous thrombosis due to post- 
splenectomy thrombocytosis was made in the Case 
Records of the Massachusetts General Hospital 
(Case Records, 1962). This patient had had oeso- 
phageal varices due to post-necrotic cirrhosis for 
which splenorenal shunt with splenectomy was per- 
formed. Postoperatively, thrombocytosis with a 
platelet count of more than 800 x 10°/] occurred and 
the patient had had multiple thromboembolic compli- 
cations in the neck, upper extremity and mesenteric 
veins. He died following a second resection of small 
bowel. In 1965 Bull et al. reported 2 cases. Their first 
patient had had thrombosis of the jejunal veins 21 
days after splenectomy which had been performed 
for idiopathic thrombocytopenic purpura. This patient 
survived after resection of the diseased jejunum. In 
the second case the symptoms of mesenteric venous 
thrombosis began 8 days after splenectomy for haemo- 
lytic anaemia. Autopsy revealed extended mesenteric 
venous thrombosis. Balz and Minton (1975) have 
reported 3 similar cases, but all the patients died post- 
operatively. 

In most of the patients reviewed here, mesenteric 
venous thrombosis occurred within 1 month of splen- 
ectomy regardless of the primary disease. In our own 
patients, mesenteric venous thrombosis took place 
much later; 3 years in Case 1 and 2 years and 5 
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Fig. 6. Case 2. Histological sections of (a) the resected jejunum with marked submucosal oedema and haemorrhage and 
(b) the mesentery with extensive venous thrombosis. (HE. x 6.) 


months after splenectomy in Case 2. Thrombocytosis 
was apparently the primary cause of the thrombosis 
in Case 1. Unfortunately, platelet counts were not 
made immediately before the development of mesen- 
teric venous thrombosis in Case 2. Common to both 
patients was the presence of persistent severe anaemia 
of several weeks’ duration before the thrombosis 
occurred. 

Hirsch and Dacie (1966) suggested that anaemia 
stimulates not only erythropoiesis but thrombopoiesis, 
and they observed that post-splenectomy thrombo- 
cytosis persists in all patients with continuing anaemia 
after splenectomy. Probably, the course of events in 
both our patients could be explained in this way 
though no platelet count was available in Case 2. A 
point of interest was that mesenteric venous throm- 
bosis occurred in both cases with a haemoglobin 
level below 6-0 g/dl. 

Thus, dangerous thrombocytosis may occur in 
association with persistent severe anaemia at a late 
stage after splenectomy. This may indicate that 
anaemia, especially when due to acute blood loss, 
should be remedied by blood transfusion as soon as 
possible in splenectomized patients. The thrombo- 
cytosis which usually occurs immediately after splen- 
ectomy should be combated by heparin or other anti- 
coagulants (Mathews and White, 1971). In the late 
period the avoidance of severe persistent anaemia is 
likely to be of primary importance to prevent compli- 
cations of the kind seen in our patients. 
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Cosmetic excision of an isolated extracranial i 
arteriovenous malformation using 


Gelfoam embolization 


RICHARD M. STILLMAN, JOHN C. POWERS AND JOSEPH F. FITZGERALD* 


SUMMARY 
Surgical excision of extracranial arteriovenous mal- 


formations may be indicated for cosmetic or urgent 


medical reasons, such as haemorrhage or high output 
cardiac failure. However, serious haemorrhage, incom- 
plete removal and poor cosmetic results are well- 
known complications encountered after this operation. 
Preoperative embolization under angiographic control is 
recommended to reduce the incidence of these problems. 


ARTERIOVENOUS malformations of the head and neck 
are rare lesions; Forman et al. (1975) reviewed 71 
such cases documented by angiography and found 
that only 8 per cent were extracranial. To date, most 
such extracranial congenital arteriovenous abnor- 
malities reported in the literature have been associated 
with intracerebral communications and frequent 
neurological symptomatology (Storrs and King, 1973; 
Glasauer, 1974). These lesions are usually traumatic 
in origin and are referred to as fistulas, the term 
‘malformation’ being reserved for those without 
antecedent history of trauma. It is generally accepted 
that operative intervention should be reserved for 
symptomatic lesions causing high output cardiac 
failure, pain, threatened rupture or haemorrhage 
(Fry, 1974). This conservative approach has been 
advocated owing to the technical problems of the 
operation and the risk of major haemorrhage during 
surgical excision. At the present time, as a result of 
improvements in angiography, the exact nature of 
these malformations can be precisely evaluated. Angio- 
graphic embolization of arteriovenous communica- 
tions has become accepted as a safe therapeutic 
modality in the treatment of intra- and extracranial 





Fig. 1. Preoperative arteriogram demonstrating an isolated 
superficial temporal and occipital arteriovenous 
malformation without intracerebral communication. 





Fig. 2. Angiogram obtained during Gelfoam embolization 
showing partial occlusion of the arterial inflow. 





Fig. 3. Final angiogram obtained after complete Gelfoam 
embolization with obliteration of the arterial supply 
to the malformation. 


lesions. Closure of the arterial inflow with steel 
spheres (Mahalley and Boone, 1974), Silastic balls 
(Pugatch and Wolpert, 1975), Gelfoam (Stanley and 
Cubillo, 1975) or transcatheter electrocoagulation 
(Phillips et al., 1975) has provided a relatively blood- 
less field in which to work during surgical excision. 
Hence, it is probable that the conservative approach 
to the management of these lesions is no longer 
necessary, and that the indications for surgical 
excision may be extended if preoperative embofization 
is applied. The question particularly arises concerning 
the therapy of asymptomatic, but cosmetically dis- 
figuring, or minimally symptomatic lesions. We have 
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had the opportunity to evaluate and treat a patient 
with a purely extracranial arteriovenous malformation 
which was noticed incidentally and was essentially 
asymptomatic. The use of preoperative Gelfoam 
embolization with angiographic demonstration of 
complete occlusion of the feeding vessels allowed 
surgical excision with minimal haemorrhage and led 
to an excellent cosmetic result. 


Case report 

A 36-year-old white male was admitted to Downstate Medical 
Center in New York complaining of an enlarging pulsatile 
mass in his right temporal region which he had noticed over the 
past 12 months as his hairline receded. This mass was not 
painful, nor was there a past history of trauma. On physical 
examination the lesion was found to be 6 cm in diameter and 
Situated over the right temporal area. Associated with it was a 
marked increase in skin temperature and a palpable thrill. 
Results of a neurological examination were within normal! 
limits. Transfemoral arteriography was performed and 
revealed an arteriovenous malformation of the right superficial 
temporal and occipital artery, without evidence of intra- 
cerebral communication (Fig. 1). Superselective Gelfoam 
embolization was performed to obliterate the arterial inflow 
(Figs. 2, 3). One week after this procedure surgical exploration 
and excision were undertaken. A circumferential incision was 
made around the mass for approximately 300°, leaving the 60° 
nearest to the auricle unincised. The resulting flap was then 
dissected from the pericranium. Following this. the dilated 
tortuous vessels were removed in toto. The right superficial 
temporal and occipital vessels were located and found to be 
clotted, as a result of the Gelfoam embolization. Surgical 
excision of this lesion was technically a smooth procedure. 
Blood loss amounted to 100 ml, rather than the anticipated 
two or three units. In addition, cosmetic closure of the flap 
was facilitated by the absence of swelling and haematoma. 
Postoperatively the patient did well and was discharged on the 
fifth postoperative day. At the time of writing (3 months after 
operation) he has a well-healed cosmetic scar and no evidence 
of recurrence. 


Discussion 

Arteriographic embolization of extracranial vessels 
is not completely risk-free. As with embolization of 
the intracranial vasculature, aberrant emboli to 
normal vessels may occur (Wolpert and Stein, 1975). 
Except for the rare instance of backflow to the internal 
carotid system, such emboli should cause no more 
than an area of ischaemic skin (Djindjian et al., 1973). 
While the sequelae of internal carotid embolization 
might be disastrous, superselective catheterization of 
branches of the external carotid artery as described 
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here should circumvent this problem. In addition, the 
increased arterial supply in the region of an arterio- 
venous malformation tends to attract the emboli 
and discourage embolization of normal vessels 
(Luessenhop and Presper, 1975). 

In the event of a malformation with large draining 
veins, emboli may reach the pulmonary vasculature. 
This has been demonstrated, but shown to cause no, 
functional abnormalities. The cannulation and injec- 
tion of contrast material have their own minimal risks. 

Despite these theoretical and sometimes real 
hazards, arteriographic embolization of extracranial 
arteriovenous malformations significantly decreases 
the risk of massive intra-operative haemorrhage, 
incomplete removal of the malformation and poor 
cosmetic results. 
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Plasma catecholamine concentrations : 


during operation 


M. J. BUTLER, B. J. BRITTON, W. G. WOOD, R. MAINWARING-BURTON 


_AND M. H. IRVING* 


SUMMARY 

Plasma catecholamines have been measured before, 
during and after operation in 40 patients undergoing 
elective major abdominal surgery and in 12 patients 
during open heart surgery. Plasma concentrations did 
not increase during abdominal surgery and showed only 
small increases during cardiopulmonary bypass. It 
appears that it is not possible to assess individual 
intra-operative sympatho-adrenal responses to surgical 
trauma by measurement of plasma catecholamine 
concentrations because of the efficiency of catecholamine 
uptake mechanisms. 


Few clinicians would disagree with Johnston (1974) 
that ‘It is now established that tissue destruction or 
haemorrhage or surgical procedures increases the 
secretion of adrenaline and noradrenaline’. Neverthe- 
less, direct evidence of increased sympatho-adrenal 
activity during operation is scanty and opinions are 
conflicting. On the other hand, it is well recognized 
that urinary catecholamine excretion increases under 
both physical and mental stress (von Euler and 
Hellner, 1952; Levi, 1972), as do plasma catecholamine 
concentrations (Taggart et al, 1973; Britton et al., 
1974). 

As regards surgical operation, Franksson et al. 
(1954) reported no increase in urinary catecholamine 
excretion on the day of operation, while Pfaff et al. 
(1966) and Wright et al. (1974) reported an increased 
excretion. Similarly, in the postoperative period 
Franksson et al. found little change in catecholamine 
excretion, while others, notably Halme et al. (1957), 
noted a significant increase. 

Investigations of plasma catecholamines during 
operation have been few. Hammond et al. (1956) 
found no increase, a result confirmed by Hamelberg 
et al. (1960) and more recently by Nikki et al. (1972) 
and Kehlet et al. (1974). On the other hand, Anton 
et al. (1964) found plasma catecholamines significantly 
raised during thoracotomy compared with normal 
controls, but did not compare the levels before and 
during operation in the patients themselves. Opinion 
concerning plasma catecholamine concentrations in 
the postoperative period is again conflicting; Groves 
et al. (1973) reported no increase except when com- 
plications supervened, while Eisele et al. (1974) found 
a significant increase for several days compared with 
preoperative levels. 

In view of these conflicting reports, we have sought 
to clarify the question of plasma catecholamine 
concentrations during elective surgical operation 
using a fluorimetric technique which has been shown 
to demonstrate increased plasma catecholamine con- 
centrations in a number of experimental stress situa- 
tions (Britton, 1975). 


Patients and methods 
Plasma catecholamines have been studied in serial samples of 
venous blood taken by clean venepuncture before, during and 


after operation in 40 patients undergoing elective major 
abdominal surgery (Table 1). Samples were taken as listed: 
period 1, 1-3 days before operation; period 2, 3h before 
operation: period 3, after induction of anaesthesia; period 4, 
| h after commencement of operation; period 5, end of opera- 
tion; period 6, | day after operation; period 7, 3-4 days after 
operation; period 8, 7 days after operation. Changes in plasma 
catecholamine concentrations in response to surgical trauma 
have been determined by comparison with concentrations in 
the post-induction sample (period 3). 


Table I: NATURE OF OPERATIONS PERFORMED 
ON PATIENTS IN WHOM PLASMA 
CATECHOLAMINES WERE MEASURED BEFORE, 
DURING AND AFTER ELECTIVE ABDOMINAL 


SURGERY 
Gastroduodenal surgery 16 
Biliary surgery 5 
Splenectomy + iymph node mapping 15 
Other laparotomies 4 
Total : 40 


Table H: PLASMA CATECHOLAMINE 
CONCENTRATIONS IN 40 PATIENTS BEFORE, 
DURING AND AFTER ELECTIVE ABDOMINAL 


SURGERY 
Plasma Plasma 
noradrenaline adrenaline 
Test period (om/f) (no/I) 
1-3 d before operation 4-13 (1-81-9-17) 0°85 (0:27-2:72) 
3h before operation 3:72 (1-83-7-56) 1-24 (0-48-3-20) 
Post induction 4°13 (2:20-7:75) TEL (0-31--3-93) 
1 h after incision 4-85 (246-953) 1-04 (0-28--3-95) 
End of operation 4:31 (2:12-8-77) 1-06 (0°29--3-97) 
i d after operation 3-49 (167-729) 1-19 (0-33-4-26) 
3-4 d after operation 3°33 (1-06-1048) 0-86 (0-23-3-23) 


7 d after operation 


0:95 (0-25-3-61) 


Values are mean = 66 per cent confidence limits. 


Plasma catecholamines were also studied in 12 consecutive 
patients undergoing elective cardiac surgery. Both venous and 
arterial samples were taken immediately before and during 
operation. In addition to a sample taken soon after induction 
of anaesthesia, a further sample was taken after positioning 
and draping of the patient, immediately before the incision 
was made. A mean interval of 25 min elapsed between taking 
the post-induction and pre-incision samples. Responses to 
thoracotomy and to cardiopulmonary bypass have been 
determined by comparing intra-operative plasma catecholamine 
concentrations with those observed in both the pre-induction 
and pre-incision samples. Sampling was continued during 
operation up to the point at which synthetic catecholamines 
were infused. The results of this part of the study have already 
been published in detail elsewhere (Hine et al., 1976). 

The normal range for plasma catecholamine concentration 
was determined from samples obtained from 23 volufiteers; 
the samples were taken while the volunteers were at rest prior 
to undertaking various stress experiments. The normal range 
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so obtained (mean+-66 per cent confidence limits) was: 
2-83 (1-41-5-79) nm/l for noradrenaline and 0-55 (œI 
2°73) nm/t for adrenaline. These results are comparable with 
most previously published series. 

All samples were obtained by direct venepuncture, except 
in cardiac cases when samples were taken from indwelling 
cannulas. Samples were transferred to pre-cooled lithium— 
heparin tubes, placed on melting ice, immediately centrifuged 
for 3 min at 400 rev/min and the separated plasma frozen 
immediately and stored at —20°C until analysis. Samples 
from any one patient were analysed together within 7-10 days 
of collection. 

The semi-automated fluorimetric analysis was based upon 
the method of McCullough (1968) and has been reported 
separately (Wood and Mainwaring-Burton, 1975). Plasma 
catecholamine concentrations have been found to be log- 
normally distributed. The significance of the difference between 
sample means has been determined by Student's f test. after 
logarithmic transformation of the data. Change of plasma 
catecholamine concentration between samples has been 
calculated as 


— period x 
concentration baseline 
and expressed as antilog = 100. 


Results 
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Plasma catecholamine concentrations were found to 
be distributed over a wide range (Fig. 1); this applied 
equally to noradrenaline and adrenaline concentra- 
tions (Table H). In any individual patient plasma 
catecholamines varied throughout the whole range, 
both within the immediate operative period (periods 
3-5) and throughout the week of sampling. In terms 
of change of catecholamine concentration from the 
chosen baseline (the post-induction sample), a wide 
variation was seen with respect to both noradrenaline 
(Fig. 2) and adrenaline (Fig. 3). In terms of absolute 
concentration of catecholamines there was no 
significant difference in mean levels between any 
period of observation, In terms of change from the 
baseline, peak levels were reached at mid-operation 
with respect to total catecholamines and noradrenaline 
(but not adrenaline) and then declined steadily 
thereafter. Only the change 7 days after operation, 
however, was Statistically significant. 

Mean plasma noradrenaline concentration was 
significantly higher before operation than in the 
control group of volunteers (P< 0-05), but the small 
increase in mean adrenaline concentration was not 
significant (P = 0-15). 
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Fig. 1. Individual plasma total catecholamine concentrations 
before, during and after elective major abdominal surgery, 
with geometric mean. For details of sampling time, see text. 


Cardiac surgery 

During cardiac surgery, including the bypass phase, 
no significant change in plasma total catecholamine 
or adrenaline concentration occurred with respect to 
levels observed before induction of anaesthesia. A 
significant fall in noradrenaline concentration 
occurred, however, between the post-induction and 
the pre-incision samples. Concentrations of nor- 
adrenaline were significantly higher than before 
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Fig. 2. Mean (s.e. mean) change of plasma noradrenaline concentration from that 


observed in the post-induction sampile (period 3). 
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Fig. 5. Mean (+s. mean) change of plasma adrenaline during cardiac surgery. 
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Intra-operative plasma catecholamine concentrations 


induction during thoracotomy in venous blood and 
during bypass in arterial blood {P < 0-05). 

Taking the pre-incision sample as the baseline, 
sigfificant increases in plasma noradrenaline in 
venous blood were observed during thoracotomy, 
with further increases during bypass (Fig. 4). With 
respect to adrenaline concentration, no significant 
increase was observed during the pre-bypass phase 
of operation and only after 60 min on bypass was a 
significant increase in plasma adrenaline evident 
(Fig. 5). 


During cardiac surgery, plasma catecholamines in’ 


both arterial and venous blood were shown to be 
distributed over a range similar to that observed in 
the group of patients submitted to abdominal surgery. 


Discussion 

From the results presented it is evident that plasma 
catecholamine concentrations in peripheral venous 
blood do not increase during elective major abdominal 
surgery. During thoracotomy and open heart surgery 
there is some increase, especially of noradrenaline: 
this increase 1s more evident when levels 20 min after 
induction and before incision are taken as the baseline 
than when the pre-induction sample is taken as the 
baseline. We have also noted (Butler, 1976) that 
during aortic surgery plasma catecholamines are 
frequently within the range observed during elective 
non-arterial surgery, although grossly elevated levels 
are seen if haemorrhagic complications ensue. 

It is recognized that venepuncture itself may influ- 
ence the catecholamine content of a particular sample. 
However, Carruthers et al. (1970) found no difference 
in mean catecholamine concentration between a series 
of samples obtained simultaneously by venepuncture 
and from indwelling cannulas. The post-induction 
sample has been deliberately chosen as the baseline 
in the present study in order to minimize the effect of 
venepuncture in assessing the response to surgical 
trauma. 

In the preoperative period plasma catecholamine 
concentrations were higher in the patients than in the 
volunteer controls, significantly so (P<0-05) with 
respect to noradrenaline. It is known that admission 
to hospital increases urinary catecholamine excretion 
(Toison et al., 1965), and this effect might be expected 
to be more marked when an operation is planned. 
No difference was found, however, between plasma 
catecholamine levels at 24h before operation and 
those in the anaesthetic room. Although anaesthesia 
itself may influence plasma catecholamine concentra- 
tions, such an effect is inevitably present throughout 
operation. 

Does, then, the lack of increase in plasma catechol- 
amines during operation imply that a sympatho- 
adrenal response does not occur? It is well recognized 
that infused catecholamines disappear very rapidly 
from the circulation, due to uptake into sympathetic 
and connective tissue (Iversen, 1967). Indeed 
Celander and Mellander (1955) have shown that 85 
per cent of the catecholamine content of a perfusate 
will þe extracted in a single passage through a hind 
limb preparation. Vane (1969) has estimated that the 
half-life of catecholamines in the circulation is less 
than 30s. 

In spite of this, increased peripheral catecholamine 
concentrations have been reported in man during 
infusion of small doses of catecholamines (Vendsalu, 
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1960; Kral et al., 1969), falling rapidly to normal 
once the infusion ts stopped. Similarly, in the experi- 
mental stress model, increased catecholamines have 
readily been demonstrated in peripheral venous blood. 
In this situation, however, the moment of stress is 
much better defined than under the rather subacute 
stimulus of a surgical operation. 

Adrenaline concentrations in venous samples 
might be expected to be greatly influenced by the * 
peripheral uptake mechanisms. In the study during 
cardiac surgery, however, although the overall mean 
plasma adrenaline concentration was significantly 
higher in arterial than in venous plasma (Hine et al.. , 
1976), the range of values observed and the degree of 
variation between samples were very similar in both 
arterial and venous plasma. It seems unlikely, there- 
fore, that arterial sampling has any benefit over 
venous sampling in the context of assessing the 
sympatho-adrenal response to operation. Sampling 
from the venous effluent of the adrenal gland itself 
might, of course, show different results, but this 


- investigation is not possible in the clinical situation. 


The wide range of plasma catecholamine levels, 
and wide variation between samples in any individual, 
make interpretation of the catecholamine concentra- 
tion of any one sample difficult. Cannon (1931) and 
Wurtman (1966) have suggested that catecholamine 
secretion might be discontinuous—-an effect which, 
with the short half-life of plasma catecholamines, 
might well account for a wide range of log-normally 
distributed concentrations. High levels in a single 
sample might then represent either a true increase in 
sympatho-adrenal activity or else a chance sampling 
at the time of secretion of a catecholamine bolus. 

It thus appears probable that the lack of increase in 
plasma catecholamine concentrations during an 
elective abdominal operation does not necessarily 
imply a lack of sympatho-adrenal response. Indeed, it 
would seem remarkable if no such response occurred. 
Therefore, peripheral venous plasma catecholamine 
concentrations appear to be a poor measure of the 
sympatho-adrenal response to a surgical operation. 

Although urinary catecholamine excretion may 
increase during operation (Wright et al., 1974), on 
the day of operation urine output is considerably 
diminished, creating difficulty in assessing the 
response to operation itself, in contrast to that to 
preoperative anxiety and postoperative pain, unless 
an indwelling catheter is used. It should also be 
stressed that under conditions of greatly reduced 
urine flow a highly significant correlation exists 
between urine flow and catecholamine excretion 
(Butler, 1976). It appears that the ideal method of 
assessing the individual sympatho-adrenal response 
during operation has not yet been defined. 
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Perforated duodenal ulcer in the Black population 


of Central Johannesburg 
S. A. R. COOKE * 


SUMMARY 

The increasing incidence of perforated duodenal ulcer 
among Black patients admitted to the Johannesburg 
General Hospital between 1966 and 1976 is described 
against a background of the different forms of peptic 
ulcer disease seen in this hospital population. Admission 
for perforation during the years 1973-6 was as 
common among Black as among White patients. 
Perforation occurred principally in young (20-40 
years) Black males (sex ratio 14: D, with a short 
history of preceding symptoms, and treatment was 
usually by simple closure. In the White group the age 
range was broader (20-70 years) and the male : female 
ratio only 2:7: 1. Duodenal ulcer occurred pre- 
dominantly in males (ratio 6:1), and the spectrum 
of the disease among the Black population in this 
urban environment resembled that among the White 
population in Johannesburg and in Western countries 
in the relative frequency of perforation and haemorrhage, 
rarity of stenosis and ratio of duodenal to gastric 
ulceration. 


THE prevalence of duodenal ulcer in Black popula- 
tions in Africa varies widely in different areas. It is 
difficult to obtain accurate statistics since diagnostic 
and recording facilities are inadequate in many 
regions and the rate of referral for medical advice or 
for hospital treatment remains undetermined. It is 
possible that many patients with uncomplicated 
duodenal ulcer and those suffering less urgent com- 
plications, such as minor haemorrhage or stenosis, 
remain undiagnosed and untreated. However, the 
increasing data becoming available (Tovey and 
Tunstall, 1975) suggest that besides a large variation 
in incidence, pyloric stenosis is the commonest com- 
plication in high incidence rural areas and there is an 
increasing prevalence of duodenal ulcer in large 
cities (Bremner, 1972; Wapnick and Felfand, 1973). 
It has been suggested, however, that this incidence 
is still very low compared with Western countries 
(Tovey and Tunstall, 1975). 

Perforation of a duodenal ulcer is usually a 
dramatic event and incidence statistics are likely to be 
accurate in an environment where hospital treatment 
with full diagnostic facilities is readily available. 

This paper describes the incidence of perforated 
duodenal ulcer among the Black population of 
Central Johannesburg against a background of the 
different forms of peptic ulcer disease seen in this 
population. Comparison is made with the White 
population in the same area. 


Patients and methods 
Detaileg’ case records of all Black patients suffering from 
peptic ulcer who were admitted between 1 January 1966 and 
30 November 1976 to the general surgical wards of the 
Johannesburg General Hospital were studied. The few patients 
belonging to other ethnic groups were excluded. 

The case records of all White patients suffering from duo- 
denal ulcer who were admitted between | January 1973 and 
30 November 1976 to the general surgical wards of the 


Johannesburg General Hospital were also studied. In both 
groups only new patients in whom the diagnosis had been 
verified at gastroscopy, radiological examination or operation 
were included. 

The total number of admissions to these wards during these 
study periods was analysed. Patients suffering trauma were not 
included since they were admitted to separate wards. On the 
few occasions when an overlap did occur, trauma cases were 
excluded from the analysis. The disease incidence is described 
in terms of each 1000 surgical admissions. Of those patients 
with a perforated pyloroduodenal ulcer, the exact site was 
usually the duodenal cap, but sometimes appeared to be at, 
ora few millimetres proximal to, the pylorus. 


Results 

Two hundred and twenty Black patients with duo- 
denal ulcer were admitted during the period studied. 
A breakdown of these patients according to sex and 
diagnosis is shown in Table I. The male: female ratio 
was 61:1 and the corresponding sex ratio for 
perforated duodenal ulcers 14: 1. Five of 87 patients 
with ‘uncomplicated’ duodenal ulcer had a combined 
gastric and duodenal ulcer. 

The age distribution of 198 patients with duodenal 
ulceration in whom the age was clearly stated is 
shown in Table I. Perforated duodenal ulcer appears 
to occur more frequently in the younger age range 
(20-40 years). 

Of 71 patients with perforation, this occurred in 
29 during the 6 months October to March and in 42 
during the colder 6 months April to September. The 
daily incidence was evenly distributed throughout the 
week except Sunday, where a low incidence may 
possibly be explained by the site of the hospital in the 
centre of a large city. 

The number of patients with duodenal ulcer who 
presented at different times over the period studied 
is shown in Table IH. This suggests that the increase 
in the number of patients admitted in the past few 
years is principally accounted for by the increase in 
those presenting with the complications of perforation 
and haemorrhage. Since the number of hospital beds 
available has remained stationary over the whole 
period, it is possible that the number of uncomplicated 
cases admitted has been limited by bed availability in 
wards which run at a constant bed occupancy of 
over 85 per cent. Patients with perforation or haemor- 
rhage are admitted, whereas those with uncomplicated 
ulcers may occasionally be referred to other hospitals. 

In many Black patients who suffered a pyloro- 
duodenal perforation the ulcer appeared to be an 
acute one. The operation records frequently report 
the absence of surrounding fibrosis or duodenal 
distortion. Unfortunately, this specific point is not 
clearly recorded in sufficient detail to allow statistical! 
assessment of the incidence of acute and chronic 
ulcers as judged by this parameter. Biopsy of the 
ulcer edge in 20 cases in an attempt at histological 
differentiation between acute and chronic ulcers, 
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Table I: PRESENTATION OF BLACK PATIENTS 
WITH DUODENAL ULCER 


Male Female Total Percentage 
Uncomplicated 74 13 87 39-5 
Perforation 70 5 75 34-1 
Haemorrhage 35 iô 45 205 
Stenosis 10 3 13 5-9 
Total 189 3i 220 100 


eevee) 


Table II: AGE AT PRESENTATION OF BLACK 
PATIENTS WITH DUODENAL ULCER 


Age Uncompli- Perfora- 

(yr) cated ton Haemorrhage Stenosis Total 
10-19 | 2 1 0 4 
20-29 16 23 5 i 45 
30-39 33 23 7 5 68 
40-49 16 12 E 6 45 
50-59 10 9 10 | 30 
60-69 I ü 4 G 5 
70-79 0 | 0 G I 
Total 77 70 38 13 198 


Table HI: NUMBER OF BLACK PATIENTS WITH 
DUODENAL ULCER EACH YEAR FROM 1966 TO 
1976 


Uncompli- Perfora- 
cated tion Haemorrhage Stenosis Total 
1966 l pa 1 0 4 
1967 5 5 3 2 15 
1968 9 3 l 9 13 
1969 4 6 3 2 15 
1970 12 > 5 4 26 
1971 8 4 2 g 14 
1972 7 4 3 9 14 
1973 8 6 2 è 18 
1974 14 10 7 3 34 
1975 7 18 ji 0 32 
1976 i2 12 1 9 35 
Total 87 19 45 13 220 


rann peene 


The figures for 1976 represent 9 months only. 


produced findings which did not correlate with the 
appearance at operation or with the length of history. 
However, of 68 patients with a perforated ulcer in 
whom the length of history was recorded, over half 
(36) perforated within a week of the onset of symp- 
toms. In all, two-thirds (43) had a history of less than 
3 months. Approximately one-quarter (16) had 
experienced symptoms for longer than 6 months. 

During the period covered by this study, 52 patients 
with a diagnosis of gastric ulcer were admitted to the 
same wards, giving a ratio of gastric: duodenal 
ulceration of 1: 4-2, the average age being 43-2 years 
(range 23-73) in 49 patients in whom the age was 
recorded. This compares with an average of 37-9 
years (range 16-70) in duodenal ulcer patients. 

Five hundred and seventy White patients with a 
diagnosis of duodenal ulceration were admitted to the 
general surgical wards of the Johannesburg Hospital 
between | January 1973 and 30 September 1976. Of 
these 58-4 per cent (333) of the ulcers were uncom- 
plicated, while 169 per cent (96) had perforated, 
18-4 per cent (105) had haemorrhaged and 6:3 per cent 
(36) presented with pyloric stenosis. Since a special 
interest in peptic ulcer disease may account for 
biased selection in the uncomplicated cases, the pro- 
portion of different types of complicated case iS 
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Fig. 1. The complications of duodenal ulcer as seen in the 
Black and White patient groups expressed as a percentage 
of all complicated cases in each group. 
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Fig. 2. Age of Black patients presenting with perforated 
duodenal ulcer. 
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Fig. 3. Age of White patients presenting with perforated 
duodenal ulcer. 
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Perforated duodenal ulcer in the Black population of Johannesburg 


compared between White and Black groups (Fig. 1). 
Of the patients admitted with complications of 
duodenal ulcer disease, perforation (56-4 per cent) 
was most frequently responsible in the Black popula- 
tion (haemorrhage 33-8 per cent), whereas haemor- 
rhage (44-4 per cent) and perforation (40-6 per cent) 
accounted for the majority in the White group. 
Pyloric stenosis was relatively uncommon in both the 
Black and White populations studied (9-8 and 15 per 
cent respectively). 

Among patients of both ethnic groups who 
presented with perforated duodenal ulcer, the sex 
ratio (female: male) in the Black population group 
was 1: 14 and in the White group | : 2-7. The ages of 
presentation also differ, the predominant age range 
being 20-40 years in the Black population (Fig. 2), 
whereas in the 72 most recently presenting White 
patients in whom the age was clearly stated the dis- 
tribution was spread more widely (20-70 years) (Fig. 
3). The age distribution among male Whites in 
general also follows this broad pattern. 

Comparing the incidence of perforated duodenal 
ulcer in the two hospital populations, Table IV 
shows the total number of admissions to the surgical 
wards and the number of patients with duodenal ulcer 
perforation in the Black and White groups during 
the period | January 1973 to 30 September 1976. 

The proportion of patients with perforations in 
the two groups was statistically compared by means 
of the binomial test using the normal approximation 
to the binomial distribution. In none of the years 
studied did the difference reach statistical significance 
at the P = 0-05 level, and in the years 1974-6 the 
similarity in incidence is clear. In the latter 3 years 
the incidence per 1000 surgical admissions was 
9-0, 14-0 and 11-9 in the Blacks and 11-3, 12-0 and 
12-5 in the Whites (Fig. 4). 

Treatment of the Black patients is summarized in 
Table V. The majority of uncomplicated duodenal 
ulcers was treated by a 3-week conservative régime 
or until the ulcer was proved to be healed on gas- 
troscopy. One patient with a perforated duodenal 
‘ulcer was treated conservatively and 3 refused 
surgery but healed without complications. One 
patient with pyloric stenosis similarly refused operation. 

Seventy-one patients with a perforated duodenal 
ulcer were treated surgically; in 53 the ulcer was 
oversewn and in 18 a definitive operation was per- 
formed, usually truncal vagotomy and pyloroplasty. 
Those patients with a history of less than 3 months 
were usually treated by simple suture (36 out of 43), 
Age also appeared to affect the type of treatment 
undertaken, since of 25 patients of less than 30 years 
of age, 18 were treated by suture. One patient died 
postoperatively. The long term results of treatment are 
not possible to assess, since follow-up is incomplete. 
However, of 53 patients who initially underwent a 
simple closure of the perforation, 3 returned to the 
same hospital for definitive surgical treatment. 


Discussion 

In the 1920s duodenal ulcer was rare among the 
Black population in South Africa (Beyers, 1927). 
The present investigation documents the higher and 
increasing incidence among the Blacks in Central 
Johannesburg and confirms a trend previously 
reported (Bremner, 1972). The incidence of per- 
forated duodenal ulcer in this population now equals 
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Fig. 4. Incidence of perforated duodenal ulcer per 1000 
general surgical admissions in Black and White patient 
groups (1973-6). There is no significant difference in 
incidence in this period. 
Table IV: THE TOTAL NUMBER OF ADMISSIONS 
TO THE GENERAL SURGERY WARDS AND THE 
NUMBER OF PATIENTS PRESENTING WITH 
PERFORATED DUODENAL ULCER BETWEEN 
1973 AND 1976 
Black patients White patients 
Perforated Perforated 
duodenal duodenal 
Admissions ulcer Admissions ulcer 
1973 1119 6 2012 22 
1974 1109 10 2472 28 
1975 1290 18 2325 28 
1976 1013 12 1441 18 
The figures for 1976 represent 9 months only. 
Table V: TREATMENT OF BLACK PATIENTS 
WITH DUODENAL ULCER 
Conservative Surgery 
Uncomplicated 63 24 
Perforation 4 71 
Haemorrhage 23 22 
Stenosis i 12 


that among the White population treated at the same 
hospital during the time period 1973-6. 

The incidence of duodenal ulcer and its com- 
plications appears to be changing in many different 
parts of the world, and comparative statistics are 
therefore difficult. In Johannesburg, however, the age 
and sex distribution and the type of complication 
found in the White population approximate fairly 
closely to those reported from the United Kingdom in 
recent years (Wastell, 1972; Langman, 1973; Mackay 
and Mackay, 1976). The urban Blacks tend towards 
this pattern in the duodenal: gastric ulcer ratio 
(4-2: 1) and in the incidence and type of complication 
(perforation and haemorrhage). In contrast, Black 
populations in most other areas of Southern and 
Central Africa have a duodenal: gastric ulcer ratio 
which is variable but generally higher (range 4:1 to 
156: 1) and stenosis is reported to be the predominant . 
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complication (Tovey and Tunstall, 1975). The high 
and equal incidence of perforation in the two popula- 
tion groups reported in this study is accurate when 
related to the particular hospital concerned. In view 
of the similarity of this White patient group to those 
in Western countries, the results are probably repre- 
sentative of all White patients, although many are 
„treated at other hospitals. Although the incidence of 
perforation is the same in the Black and White 
patient groups, the age and sex of these latter patients 
differ. There appears to be a new population of 
young Black men presenting with perforation, 
“although this could reflect the age and sex of the 
population at risk. In many of these young patients 
the ulcer is probably acute as judged by its appear- 
ance at operation and the brief preceding history of 
ulcer symptoms. Unfortunately, the natural history 
of ulcer disease in this population group is not yet 
known, nor is the relapse rate after various alternative 
forms of surgical treatment. Although studies else- 
where have suggested that perforated duodenal 
ulcers in the 50-59 year age range, where there is a 
long history of symptoms before perforation, have 
better late results if treated by definitive operation 
rather than by simple closure, this difference is not 
proved in relation to acute ulcers in younger patients 
(Skarstein and Hoisaeter, 1976). The majority of 
Black patients in the present study fell into the latter 
group and the perforations were treated by simple 
closure. Follow-up of these patients has proved to be 


difficult, although it is noted that at least a few have 
returned for further treatment. 
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Intrinsic factor secretion after vagotomy 
D. D. MEIKLE, J. BULL, S. T. CALLENDER AND S. C. TRUELOVE* 


SUMMARY 
The intrinsic factor (IF) output during basal and 
Histalog-stimulated gastric secretion has been esti- 
mated in two series of patients with chronic duodenal 
ulcer before and 3 months or more after treatment by 
either highly selective vagotomy or truncal vagotomy 
and pyloroplasty. The effects of the two different 
vagotomy operations appear to be virtually identical 
and each produced significant reductions in intrinsic 
factor secretion after Histalog stimulation. This 
confirms the view expressed by previous workers 
that it is the vagotomy as such which is responsible, 
excludiag the drainage procedure from any possible 
role. Furthermore, as these results were demonstrated 
3 months ufter operation, it is likely that the depressed 
IF secretion is a permanent feature and one which, it 
is postulated, may become progressively more severe. 
In both series there is a marked reduction in IF 
output during the second hour of stimulated gastric 
secretion, indicating an early wash-out of preformed 
IF. This persists after vagotomy. 


PREVIOUS studies have shown that a truncal vagotomy 
combined with a drainage procedure (either a 
pyloroplasty or a gastrojejunostomy) is followed by a 
depression in intrinsic factor (IF) secretion by the 
stomach (Bitsch et al., 1966; Adams et al., 1967). The 
recent development of highly selective vagotomy 
(proximal gastric vagotomy), which is performed 
without a gastric drainage procedure, means that the 
effect of vagotomy as such can be studied without the 
possible disturbances created by the drainage pro- 
cedure, such as uncontrolled gastric emptying and 
reflux of small intestinal contents. 

In the course of a study to compare the effects of 
truncal vagotomy with highly selective vagotomy on 
the histological state of the gastric and duodenal 
mucosa, and also on serum gastrin levels in patients 
with chronic duodenal ulcer (Meikle et al., 1976), 
some of the patients had their IF secretion and acid 
output studied under basal conditions and after 
Histalog stimulation before and 3 months or more 
after the operation. In addition, insulin tests were 
performed in each case 3 months or more after the 
operation. 


Methods 

Gastric juice was obtained by repeated manual aspiration using 
a Salem size 14 French gauge nasogastric sump tube located 
by means of a water test (Findlay et al., 1972). The aspirated 
juice was collected in bottles kept constantly in an ice bath and 
changed at quarter-hour intervals. Basal secretion was col- 
lected for 1h. After stimulation with Histalog (betazole 
hydrochloride) in a dose of 1-7 mg/kg body weight, the gastric 
secretign was collected for two separate hours. 

The acidity was assessed by titration against a standard 
sodium hydroxide solution using a pH meter. From this the 
basal acid output for i h and the stimulated acid output for 
the first and second hours after Histalog administration was 
calculated. The peak acid output was also obtained by adding 
the two highest consecutive quarter-hour outputs in the 2h 
after Histalog stimulation and multiplying by two. 


In the insulin tests the gastric juice was collected and the 
acidity assessed in the same way but soluble insulin, 0-2 u/kg e 
body weight, was given intravenously instead of the Histalog. 
In addition, blood samples were obtained 30 and 45 min after 
the injection of insulin and a fall in the blood sugar level below 
2-2 mmol/l (40 mg/100 mi) was achieved in all cases. The insulin 
fests were assessed by the criteria of Hollander (1948). e 

For the assessment of IF, a fraction of each of the quarter- 
hour collections taken in each hour was separated, the volume 
measured and the mucus removed by filtration through gauze. 


The appropriate four fractions of each hour were mixed and 


brought to a pH of 7 with 1 N sodium hydroxide using a pH 
electrode. These neutralized samples were kept at --20°C 
until assayed. 

The IF content of the gastric juice was determined radio- 
immunologically by the charcoal method of Ardeman and 
Chanarin (1963) with some modifications and using *’Co- 
vitamin Bie The reproducibility of the method has been 
established and also that neutralized juice can be stored at 
~20 °C for up to 24 weeks without IF content being affected 
(Wangel, 1966; Wangel et al., 1968). The method measures 
the difference between the total ““Co-vitamin B; binding 
capacity of the gastric juice and the “Co-vitamin B,, binding 
capacity after complete blockage of IF with specific antiserum. 
The difference was expressed in terms of nanograms of 
vitamin Bı; by comparison with a prepared standard solution. 
One unit of IF was defined as that amount which bound 1 ng 
of "Co-vitamin B,,. The content of IF was expressed in terms of 
u/ml of gastric juice. 


Results 

Table I shows the acid output results. During the 
basal hour acid secretion was reduced by both types 
of vagotomy. There was a highly significant reduction 
(P< 0-01) after the truncal vagotomy and pyloroplasty 
but the reduction was not quite significant in this 
series of 7 patients after highly selective vagotomy. 
However, as regards the Histalog-stimulated acid 
secretion, it will be seen that both types of vagotomy 
produced a vast reduction during the first hour and 
the second hour, and also in the peak acid outputs 
(P< 0-001). 

The insulin test showed a mixture of positive and 
negative Hollander results. These tests were performed 
between 3 and 8 months after the vagotomy pro- 
cedures. 

Table If shows the IF secretion results. It will be 
seen that the output of IF during basal secretion was 
significantly reduced by both types of vagotomy. 
After Histalog-stimulated gastric secretion, it will be 
seen that both types of vagotomy again produced a 
significant reduction in IF secretion when measured 
3 months or more after operation. These results are 
definite in the first and second hours (P< 0-01) in the 
highly selective vagotomy patients and also in the 
first (P<0-02) and second (P<0-01) hours in the 
truncal vagotomy and pyloroplasty cases. In both 
series there is a marked reduction in the IF output 
during the second hour of stimulated gastric secretion 
before and after vagotomy. 





*Nuffield Department of Surgery and Medicine, Radcliffe 
Infirmary, Oxford. 

Present address of D. D. Meikle: Department of Surgery, 
West Middlesex Hospital, Isleworth, Middlesex. 


796 D. D. Meikle et al. 


Table 1: ACID OUTPUT IN mmols/h BEFORE AND 
AFTER TWO TYPES OF VAGOTOMY 


Truncal vagotomy 


Highly selective 


Table H: INTRINSIC FACTOR SECRETION IN u/h 
BEFORE AND AFTER TWO TYPES OF VAGOTOMY 


Truncal vagotomy 


Highly selective 


and pyloroplasty vagotomy 
Before After Before After 
operation operation operation operation 
Basal hour 2-47 0-00 5-30 2:05* 
FO 1-25 12-98 2:03 
9-17 1:78* 1:75 0-00* 
5-04 1-76* 0-04 1-09* 
n 9-12 0-94 10-01 3-35* 
704 0-63 2-91 3°75 
å 6°23 0-31 4-21 2-20 
0:46 0-00 * 
Mean values 5:82 0-83 5-31 2:04 
Statistical = S32 i= 2-04 
significance POO 0-05 <P<01 
First hour 33-34 4-99 27-58 18-08 
after 45-44 9-40 39-80 23°62 
Histaiog 34-21 16°10 26-64 11-54 
stimulation 3774 026 34-10 17-09 
36°80 10-80 22-28 7°54 
30°34 8-82 39-87 18-60 
31-11 8-02 34:97 3-04 
35°33 16-94 
Mean values 35:54 9-42 32-18 14-2 
Statistical i= 9-94 I>e 
significance P0001 P<0-001 
Second hour 39-44 5-86 33-88 12-55 
after 46-44 8-27 46-78 27:29 
Histalog 36°86 22-64 25-57 13-62 
stimulation 46-48 5-13 40-75 24-96 
45-05 18-78 22-81 14:24 
35-75 10-12 41-96 28-08 
36°18 13-17 27-38 4-98 
40:77 23-10 
Mean values 40-87 13-38 34-18 17-96 
Statistical f= 8:13 t= 837 
significance P< 0-001 P<0-001 
Peak output 42-38 6°75 36-85 18-06 
after 56-06 11-85 51:30 34-90 
Histalog 40-48 26°17 36°56 15-27 
stimulation 47-86 6-66 47-76 25-52 
51-70 19-16 26°22 18-61 
38-85 10-97 47-43 29-52 
35-64 13-58 40-42 5-81 
51-20 6:75 
Mean values 45-52 [2-74 49-93 20-67 
Statistical j=: 8-54 = 7.31 
significance P000! P<0-001 


EA VE o uuaa a a ae cere nls 
* Indicates incomplete vagotomy as judged by the Hollander 
test. 


Discussion 

The significant reduction in the stimulated acid 
outputs after both types of operation indicates that 
adequate vagal denervation had been achieved. The 
mixed Hollander results at 3 months or more after 
operation are in keeping with the findings of others 
(Gillespie et al., 1970; Lyndon et al., 1973) and 
reflect the unreliability of this form of assessment 
(Weinstein et al., 1950; Faber et al., 1975). 

The fact that a significant reduction in IF secretion 
after Histalog stimulation can be demonstrated 
3 months after a highly selective vagotomy serves to 
confirm the view expressed by Adams et al. (1967) 
that it was the vagotomy, and not the type of drainage 
procedure, which was responsible for their findings of 
. a depressed IF secretion after truncal vagotomy. The 


and pyloroplasty vagotomy 
Before After Before After 
operation operation operation operation 
Basal hour 2 482 3 443 3 262 2112 
4876 1871 4061 133 
3 343 2 289 2325 175 
8 858 1955 3 760 1 865 
7 956 1 933 566 1 628 
4 209 3 577 5 005 821 
8 O82 3 008 3 667 2 180 
2 030 1 366 
Mean values 5 225 2 430 3 235 1273 
Statistical f= -2- [2 t= 2:93 
significance P<0-05 P<0-05 
First hour 29 763 14 190 15 688 8 740 
after 20 757 9 804 17 820 763 
Histalog 12 $12 10 538 20 237 2 423 
stimulation 35 794 15 027 41 737 8 812 
24 594 6977 11 235 11 089 
16 248 18 663 31 390 § 169 
22 862 20 414 24 800 12 711 
39 902 13 752 
Mean values 25 285 13 670 23 272 7 096 
Statistical fo. 3-25 t= 3-85 
significance P=0-02 P<@01 
Second hour 6 G18 3 45] 6 350 567 
after 4 083 1210 6 405 2 109 
Histalog 4035 2 844 3 588 2 208 
stimulation 13 367 7 889 6 486 1 767 
9 629 5112 4 409 4014 
5 749 6 267 7 907 4611 
8 100 § 124 8 616 167 
9251 6 392 
Mean values 7 604 4786 6 252 2 000 
Statistical i= 4:3] t=: 4-00 
significance P<O0O1 PGO 


E tN ae IE EE TRAIN ree 
The statistical significance of the differences has been esti- 
mated by Student’s paired z test. 


effects of a highly selective vagotomy appear to be 
virtually identical with those of a truncal vagotomy 
plus pyloroplasty. In the present study, as the post- 
operative values were obtained 3 months after the 
operation, it is likely that the depressed IF secretion 
is a permanent feature. Both types of vagotomy were 
found to be followed by gastritis affecting the proxi- 
mal stomach (Meikle et al., 1976), and there is the 
possibility that even greater depression of IF secretion 
may occur if this gastritic process continues to develop. 
Only long term studies after vagotomy will settle this 
issue. 

In both series there is a marked reduction in IF 
output during the second hour of stimulated gastric 
secretion. This contrasts with the secretion of acid 
which remains high. It therefore seems that there is 
an initial release of preformed IF which has been 
stored in the parietal cell and that after this, secretion 
of IF is at a much lower rate. This wash-out process, 
which has been observed by others (Bitsch et al., 
1966: Adams et al., 1967; Lawrie and And€rson, 
1967; Fielding et al., 1976), persists after vagotomy. 
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EDITORIAL NOTICE 


Introduction of a correspondence column 


duce a correspondence column. We realize that in a monthly journal 
there may be difficulties in maintaining topicality, but our publishers 
advise us that a page can be reserved sufficiently late in the publishing 
process to allow letters to be published two issues after the initiating 
article or letter. Wherever possible correspondents will be shown the 
contributions of others taking part before they are published, so that 
pairs of letters dealing with both points of view should be published 
together. 

We hope that this innovation, that has often been considered in the 
past, will now prove acceptable to our readers and that as many as wish 
to do so will avail themselves of the facility. 
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Intrathyroid cystic parathyroid adenoma: ‘ 
a rare case of hyperparathyroidism 


R. P. GRIMLEY AND HUGH DAVIES* 


SUMMARY 

A case is presented of a 52-year-old man with a swelling 
m the neck and dysphagia resulting from an intrathyroid 
cystic parathyroid adenoma. Hypercalcaemia and un- 


èusually high parathyroid hormone levels were detected 


preoperatively. The adenoma was removed by partial 
hemithyroidectomy. The literature is reviewed. 


Case report 

A 52-year-old farmworker complained of inability to swallow 
solids for 4 weeks, with vomiting, discomfort in his neck, 
weakness of voice and recent loss of 3 stones in weight. 

On examination he was slow, drowsy and confused. There 
were signs of weight loss and dehydration, and there was an 
easily palpable, soft, smooth swelling of the lower part of the 
left lobe of the thyroid. Blood pressure was 130/90 mm Hg. 

On investigation, barium swallow and meal studies were 
normal, but the serum calcium was grossly raised at 4-45 mmol/l, 
the alkaline phosphatase was slightly raised at 144 i.u./l and 
serum potassium was low (2:9 mmol/l). The serum urea was 
raised at 22-5 mmol/l. The 24-hour urinary excretion of calcium 
was greatly raised at 12:4 mmol/l. X-rays of the chest, abdomen 
and a full skeletal survey were normal and showed no evidence 
of urinary stone, hyperparathyroidism or nephrocalcinosis. 

The patient was rehydrated and given prednisone 40 mg 
daily. His general condition improved. He became able to 
swallow, and his serum urea level fell to almost normal, but 
his serum calcium remained elevated at over 3-3 mmol/l. The 
serum parathyroid hormone level was found to be extremely 
high at 6:2 ng/ml (normal upper limit 1-0 ng/ml). The blood 
pressure rose to 180/110mm Hg. 

A }![ scan of the thyroid showed no uptake over the soft 
swelling in the left lower lobe, and oesophagoscopy and 
bronchoscopy were normal. 

At operation the thyroid and parathyroids were explored. 
The fat in the pretracheal region and surrounding the thyroid 
was unusually white and opaque. Occupying the lower pole 
of the left lobe of the thyroid was a 4-5 x 3-5 x2-0-cm slate- 
blue cyst (Fig. 1). The lower pole was mobilized and the cyst 
was removed with adjacent thyroid tissue. Frozen section 
showed a parathyroid adenoma. The remaining parathyroids 
appeared small. 





Fig. 1. Intrathyroid cystic parathyroid adenoma. (x 3.) 


The histology of the cyst (Fig. 2) was that of a parathyroid 
adenoma with a central cyst cavity and no evidence of malig- 
nancy. The fat was histologically normal. 

Following operation the serum calcium returned to normal 
on the third day and slight hypocalcaemia (2:17 mmol/l) 
occurred on the sixth day, spontaneously returning to normal 
on the next day. The alkaline phosphatase returned to normal 
on the fifth postoperative day. 





Fig. 2. Photomicrograph of the cyst wall showing abundant 
parathyroid clear cells. (x 150.) 


Discussion 

Macroscopic parathyroid cysts are not common, al- 
though microscopic cysts are found in normal and 
adenomatous tissue. 

Parathyroid cysts are usually situated in the posi- 
tion of the lower parathyroids or retrosternally (Wood 
et al., 1966; Thacker et al., 1971; Rafii and Burmeister, 
1973). They only occasionally cause hyperparathyroid- 
ism (Shields and Staley, 1961; Pyrah et al., 1966; 
Wood et al., 1966; Kirwan, 1974). However, of 9 cases 
extrathyroid parathyroid cyst found in a review of 
the literature, 4 were associated with hyperpara- 
thyroidism (Arnaud et al., 1961; Rogers et al., 1969; 
Simkin, 1976). 

The incidence of normally functioning intrathyroid 
parathyroids is between 2 and 7 per cent of autopsies 
(Kleinfeld, 1959; Nathaniels et al., 1970; Goldman 
et al., 1973). They are almost always displaced lower 
parathyroid glands. It is rare for the intrathyroid 
gland to be cystic (Wood et al., 1966), and no other 
report has been found of intrathyroid cystic para- 
thyroid adenoma with hyperparathyroidism. 

The aetiology of these cysts is unknown. The most 
popular theories are that they are due to a degtnera- 
tive process (Hoehn et al., 1969; Rogers et al., 1969) 
or to retention (Anderson, 1966). 

In our patient the acute symptoms had been present 
for only 4-6 weeks before admission to hospital. 


* County Hospital, Hereford. 


There was no radiological evidence of bone changes 
despite very high serum calcium and parathyroid 
hormone levels. It therefore seems that his hyper- 
parathyroidism had been severe for only a short 
time. His brief illness and very high serum para- 
thyroid hormone level led us to suspect a parathyroid 
carcinoma, A level over 4 ng/ml is considered sugges- 
tive of carcinoma. 
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Epidermal repair in chronic venous ulcers i 


H. M. ADAIR* 


SUMMARY 

*Certain features of epidermal repair, namely increased 
mitotic activity, cell migration and cell differentiation, 
have been investigated in fresh biopsies from 17 
patients with chronic venous ulcers, using light and 
glectron microscopy. Increased mitotic activity was 
present at the edges of most of these lesions whether 
they were in a grossly recognizable healing or non- 
healing phase, and some cells with ultrastructural 
features of migratory cells were invariably seen. The 
results are discussed in relation to other chronic 
epithelial lesions and suggest that failure of epithelializa- 
tion is not due to any lack of epithelial cell production 
and that some other fundamental defect must be sought. 


Hippocrates and later the Roman physician Celsus 
described chronic ulcers in the lower limb, related 
them to varicose veins and advised treatment by 
bandaging. In the Middle Ages treatment was actively 
discouraged in the belief that ‘evil humours’ would 
consequently be let out of the body. John Hunter 
(1728-93) attempted to explain these ulcers in terms 
of venous stasis due to the pressure of the column of 
blood in the leg while in the upright posture, but it 
was John Gay (1868) who first noted that leg ulcers 
and varicose veins were often not associated. Sub- 
sequently, Homans (1917) stated that previous deep 
vein thrombosis was a potent cause of ulceration, an 
idea which later received much support (e.g. Lockhart- 
Mummery and Smitham, 1951). Further work using 
pressure measurements, contrast radiology and opera- 
tive observations has shown that it is valve destruction 
in the perforating veins of the lower leg which is of 
prime importance (Dodd and Cockett, 1976): The 
subsequent venous hypertension is said to cause stasis, 
capillary damage and thrombosis, oedema and in- 
creased tissue pressure and skin hypoxia (Rook et al., 
1972), but the evidence for this series of events is 
scanty. Recently, Browse et al. (1977) have shown 
decreased fibrinolytic activity in the vein walls of 
patients with liposclerosis {a pre-ulcer state), and 
Burnand (1977) has related this to demonstrable 
deposition of fibrin around the dermal capillaries in 
this condition. 

The current incidence of venous ulcers is difficult to 
assess accurately. Rook et al. (1972) suggested figures 
of 0-2-0-5 per cent of the population. Gjéres (1956) 
in a Swedish survey estimated that in six regions of 
that country 42000 people were afflicted, whereas 
Boyd (1950) stated that 5 per 1000 of the working 
population of ‘this country’ have venous ulcers. 
The problem is therefore considerable in terms of 
both patient morbidity and cost of the often ineffective 
treatment. A new approach is required. 

Although some aspects of the pathophysiology of 
venous ulcers are well documented, little is known 
of the cytological changes underlying the process. A 
theoretical cause of indolence may be an abnormality 
of certain aspects of epidermal repair, such as failure 
of mitotic activity at the ulcer edge, of migration of 
epidermal cells over the ulcer surface or of the ability 


of cells to re-establish themselves and differentiate. 
The study described here has been concerned with 
these possibilities using light and electron microscopy. 


Materials and methods 

In studies of mitotic activity and cell ultrastructure fresh 
material is essential. Seventeen patients attending an ulcer 
clinic were investigated; single biopsies were taken from 8 
patients, the remainder having between 2 and 6 specimens 
removed at 2-3-weekly intervals. Control specimens from 
similar sites were obtained from 5 healthy volunteers. All the 
patients were treated with occlusive dressings and support 
bandages; no steroid compounds were used. Patients were 
followed up for at least 6 weeks in order to assess naked eve 
appearances and to make measurements of size. Those with 
evidence of active infection as suggested by purulent exudate, 
erythema or onset of pain were excluded. All specimens were 
removed between 14.00 and 15.00 hours, and all biopsies were 
taken with the informed consent of the patient. 

The ulcer outline was first traced on to a clear flexible 
Perspex sheet and the area measured using millimetre-squared 
graph paper. The lesion was cleaned with chlorhexide/cetri- 
mide solution (Medi-sache) and 0-1-0-2 ml of 1 per cent plain 
lignocaine injected under the skin margin. The site for biopsy 
was chosen at random except that any subsequent biopsies 
were removed from a different region. A 2 1x 1 mm block of 
tissue to include the ulcer margin was removed. This block was 
immediately bisected to give two blocks containing the 
epidermal edge, and the two halves were transfered, one to 4 
per cent glutaraldehyde at 4 °C and the other to 8 per cent 
formol—saline. 


Electron microscopy 

After 24 hours the glutaraldehyde-fixed material was trans- 
fered to isotonic buffer wash (sodium cacodylate) to await 
processing by post-fixation in osmium tetroxide, dehydration 
and embedding in Araldite with the aid of propylene oxide as 
link reagent. Thin sections were cut on an LKB Ultrotome. 
stained with uranyl acetate and lead citrate and examined in an 
AEI Corinth 275 transmission electron microscope. 


Light microscopy 

The remaining material was dehydrated, embedded in paraffin 
wax and serially sectioned at 7 um before staining with haema- 
toxylin and eosin, van Geison or PAS with diastase control. 
Sections were examined for mitoses, epidermal glycogen and 
keratin. Mitotic figures (including all four phases of the 
mitotic cyele: prophase, metaphase, anaphase and telophase) 
were counted from the epidermal edge inwards for a distance of 
3000 basal cells and their positions plotted. Numbers of mitoses 
were expressed as counts per 1000 basal cells. Statistical analysis 
was by means of Fisher’s exact probability and X2 tests based 
on the median values of counts. Epidermal thickness was 
assessed by counting the number of nucleated cells from the 
basal layer towards the surface. The cellular and fibre content 
of the dermis was also noted. 


Results 

The clinical details of the patients are shown in 
Table I. The mean age of the patients was 64 years: 
the mean age of the controls was 33 years. The 
patients were divided into two groups, the first with 
healing ulcers, defined as ulcers which showed a 
consistent decrease in size leading to complete 
EE E EE A aE sean sk Tee a pa Lh ea 
* Department of Anatomy, Institute of Basic Medical Sciences, 
Royal College of Surgeons, London, 


Table 1: CLINICAL DETAILS OF 17 PATIENTS 
WITH CHRONIC VENOUS ULCERS 


Length of Total length Size of ulcer 
"history of of at initial 

Patient Age Sex present ulcer ulcer history biopsy {emë} 
Healing ulcers 
E.L. 73 M 9 mth 20 yr 5-9 
L.V. 70 F 2 mth 23 yr 0-96 
G.M. 72 M 2 yr ? yr 25-9 
V.H. 59 F 2 yr 7yr 2:16 
E.G. 6l F 10 mth 20 yr 2-6 
A.W. 68 M 10 yr iO yr 172 

Mean 6-54 
Non-healing ulcers 
A.C. 71 M 5 yr S yr 7-0 
N.C. 76 F 6 yr 30 vr 22-0 
JS: 48 F lyr 2 yr 5-0 
Pod: 59 F 3 yr 3 yr 6:56 
J. S. 56 M 4 yr 4 yr 13-28 
B.D. 70 M 10 yr 10 yr 19-16 
E.M. 45 E l yr I yr 2-0 
CG 7 E 6 mth i4 yr 576 
E.M. 66 F 7 mth 18 mth 2:16 
L.F. 56 F 6 mth 4 yr Q8 
M.S. & F 4 mth 4 mth 2-0 

Mean 7:88 


| 


epithelialization during the time of observation, and 
a second group with non-healing ulcers. Out of a total 
of 53 biopsies, 14 were from healing and 39 from non- 
healing lesions. 


Mitotic counts 
The median values of mitotic counts in ulcer biopsies 
were approximately three times higher than in control 
specimens (Fig. 1). The differences between median 
mitotic values for healing and non-healing ulcers and 
normal skin were significant at the 2 and 5 per cent 
levels respectively (P = 0-02 and P<0-05). The range 
of values for mitotic counts was similar in healing 
and non-healing lesions. Mitoses were more frequent 
in the region of the first 100 basal cells from the 
ulcer edge than in the subsequent 100-cell regions 
(Fig. 2) and were sometimes seen in migrating cells 
(Fig. 3). In patients having multiple biopsies an 
attempt was made to correlate mitotic activity with 
change in ulcer size, but no correlation could be 
found. 
Epidermal migration F 
Ultrastructural evidence of cell migration was 
invariably seen in ulcer biopsy specimens (Fig. 4). 
These areas were recognized by loss of basal lamina, 
reorientation of basal cells in the plane of the skin 
surface, increase in intercellular spaces and relative 
loss of desmosomes. Tonofilaments were orientated 
in the new long axis of the cell, occasional hetero- 
lysosomes and lipid droplets were seen and sheaths of 
peripheral fine filaments were sometimes present 
(Fig. 5). Free ribosomes were plentiful but mito- 
chondria were scanty and a Golgi apparatus was 
uncommon. Tonofilaments were variable in number, 
and sometimes dilated cisternae of rough endo- 
plasmic retiçulum were seen. Such variations could 
not be correlated with the ability of the ulcer to heal, 
__ The substrate for cell migration was usually in the 
form of cell debris, but apparently normal collagen 
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Non-healing 
ulcers 


Fig. 1. Histogram comparing mitotic counts in normal skin 
with those in healing and non-healing ulcers. 


Healing ulcers 


Normal skin 


was sometimes present. No intimate relationship be- 
tween mesenchymal and epidermal cells was noticed. 

Often non-epidermocytes were seen within the 
migrating sheets of epidermal cells. These cells had 
the general features of polymorphs; typical Langerhans 
granules or melanosomes were not seen. 


Other features 

Epidermal cells from ulcer specimens were invariably 
larger than those from normal skin, and the epidermis 
was thicker, having a minimum thickness of 10 cells 


compared with a normal of approximately 6. The 


basal layer was also more highly folded. PAS staining 
showed the presence of glycogen in the epidermal 
cells of all ulcer specimens. This was most marked 
in the region of cell migration, being less noticeable 
further from the edge. The disappearance of glycogen 
correlated well with the appearance of keratin as 
judged by the presence of a stratum granulosum and 
the disappearance of nucleated cells from the surface 
layers. Measurements were made of the distance 
between the epidermal tip and the first sign of keratin 
formation. Variable figures were obtained ranging 
from 0-1 to 2mm, but this distance could not be 
related to change in ulcer size. In the dermis the 
collagen content was apparently less than that of 
normal skin, and mesenchymal cells were more 
numerous, being predominantly of fibroblast type. 
Some capillaries were always seen and sometimes they 
were present in large numbers. 

Two electron microscopic observations were of 
particular interest. In the region of cell migration 
coarse extracellular fibrillar material of high electron 
density was often seen in non-healing lesions (Fig. 6). 
This material was usually associated with ultra- 
structurally normal collagen fibrils, suggesting that it 
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Ga 
Fig. 2. Distribution of mitoses in the region of the first 300 basal 


e ulcers. 


Fig. 3. a, Edge of a venous ulcer with an anaphase in the 
region of cell migration. (HE. x 24.) b, Higher 
power view of encircled area. (HE. x 540.) 


might represent a degenerative form of the latter. 
Furthermore, in many non-healing lesions, areas of 
cytoplasmic vacuolation were present in the epidermal 
cells of the basal layer and stratum granulosum. 
This change was associated with lack of collagen 
fibrils in the papillary dermis, this region being 
occupied only by scanty fine fibrillar material. 


Discussion 

Increased mitotic activity, cell migration and sub- 
sequent re-establishment of new epidermis are key 
events following skin wounds and have been well 
described in the acute situation (McMinn, 1969). 
These processes have not generally been followed 
in the long term, and their role in chronic ulceration 
is unknown. `~ 


Mitotic activity 

The mitotic rate in normal epidermis is relatively low, 
is subject to circadian rhythm and changes with age, 
sex and site. Variation in biopsy site and different 
counting methods make direct comparison of figures 
difficult. Fisher (1968), studying material from the 
forearms of human volunteers after application of 
Colcemid cream, gave the mitotic rate as 1-44 + 1-12 
mitoses per 1000 viable cells for males and 1-17 +0-13 
for females over a 5-h period. These figures give 
some idea of the low rate of epidermal cell turnover 
compared with, for example, gastro-intestinal mucosa. 
. Mitotic activity has been shown to increase with age 
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cells from the ulcer edge in (a) healing and (b) non-healing 





until about 60 years when the activity begins to fall 
(Thuringer and Katzberg, 1959). However, on the 
basis of the figures given by these authors, the dis- 
crepancies between the mean ages of the controls and 
ulcer patients in the present study would not affect 
the significance of the results. 

Epidermal wounding is followed by an increase in 
the mitotic rate heralded by a rise in DNA synthesis, 
which may be as early as 4h after injury (Hell and 
Cruickshank, 1963). The first peak of activity is seen 
at approximately 48h after wounding in man 
(Sullivan and Epstein, 1963), and this is followed by 
further peaks. The greatest number of mitoses occurs 
at or very near the wound edge. This response has 
been followed during the first 4 days in human skin 
wounds, and in the guinea-pig peaks of mitotic 
activity have been noted up to 10 days (Pepper, 1954). 
The presence of continuing cell division at the edges 
of all the ulcers examined in the present study has 
been the most striking and significant feature of the 
investigation. It suggests that new epidermal calls are 
still being produced, even in lesions which seem to be 
n a non-ihealing state, and cell division is also 
apparently occurring in the region of cell migration, 
a phenomenon noted by others in acute wounds and 
thought to be of importance as regards epithelializa- 
tion (Viziam et al., 1964). The median values of 








(c). (x 1700.) 
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Fig. 4. Electron micrograph montage showing a sheet of flattened epidermocytes (ep) migrating through a collagen substrate 


Fig. 5. Electron micrograph of part of a migrating basal cell showing absence of basal 
lamina but presence of tonofilaments (t), a peripheral sheath of 
microfilaments (mf) and pseudopodia (p). (x75 000.) 





Fig. 6. Electron micrograph of a migrating epidermocyte 
(ep) with adjacent coarse fibrillar material (f) lying amongst 
collagen fibrils. ( 12 000.) 


mitotic counts are significantly higher in ulcer 
biopsies than in normal skin. The distribution of 
values for mitotic counts is similar in healing and 
non-healing lesions, suggesting sampling from the 


same population. The greater activity in the region 
of the first 100 basal cells indicates that a true increase 
in mitosis is present at the ulcer edge, a situation 
which would be compatible with a persisting low 
local concentration of mitotic inhibitor or chalone 
due to the unepithelialized area (Bullough, 1973). 
The increase in epidermal thickness at the ulcer edge 
is further evidence for an increase in mitosis since in 
human epidermis increase in mitosis is associated 
with increase in epidermal thickness (Bullough, 1972). 
If epidermal cells are still being produced at the mar- 
gins of non-healing lesions, the lack of production of 
new cells would not appear to be the reason for the 
failure of epithelialization, and there must be some 
other fundamental cause such as failure of cells to 
adhere to one another or their substrate. The mitotic 
findings in the present study closely resemble those 
reported by Reeve (1974), who noted the persistence 
of mitotic activity at the edges of chronic colonic 
ulcers in the rat up to a time of 9 months. Further- 
more, in a study of experimental gastric ulcers 
Adair (1978) found that mitotic activity persisted at 
an increased rate at the edge of the defect even in 
lesions that remained unepithelialized for as long as 
6 weeks. Liavag (1968), investigating gastric mucosal 
activity in man, found evidence of persisting mitosis 
at the edges of chronic gastric ulcers, although no 
local peak of activity was seen. Further work is 
clearly required on other chronic cutaneous and 
mucosal lesions, and a study of biopsy material 
from human gastric ulcers is already in progress. 
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Cell migration and other features 

The ultrastructural details of migrating cells des- 
cribed here are in general similar to those given by 
other authors (e.g. Odland and Ross, 1968). Decrease 
in the number of desmosornes presumably allows 
freer movement of the plasma membrane while still 
maintaining cell-to-cell continuity as the sheet of 
cells moves forwards. The presence of fine peripheral 
microfilaments is interesting. Such structures have 
been shown to be actin-like (ishikawa et al., 1969) and 
have been identified in fibroblasts, nerve cells and 
epithelial cell types, but not in migrating epidermal 


t cells. Previous authors have mentioned the phagocytic 


ability of migrating cells in acute wounds, but this 
was a rare observation in the present study. Lipid 
droplets have also been seen in migrating cells 
(Gibbins, 1968): these were sometimes present but 
were also occasionally seen in normal epidermal 
cells. Non-epidermocytes were often found in regions 
of cell migration, and may have been either actively 
migrating or merely carried along by their neigh- 
bours. Many such cells had the appearances of intra- 
epidermal polymorphs, and this is interesting in 
view of the frequency of intra-epithelial polymorphs 
in regions of chronic gastritis, so invariably associated 
He chronic gastric ulcers (Dawson and Morson, 
1972). 

The content of cells and fibres in the dermis was 
considerably different in ulcer biopsies compared 
with normal skin. The association of areas deficient 
in collagen with epidermal cell vacuolation may be 
important. Cytoplasmic vacuolation is a non-specific 
change associated with cell damage and it is possible 
that many of these cells were destined to die or be 
shed. There is no doubt that the dermis can pro- 
foundly affect both epidermal maintenance and 
differentiation (Sengel, 1976), and it may well be that 
local dermal deficiencies are a factor in epidermal 
cell death in chronic ulcers. 

Local hypoxia is often quoted as being of funda- 
mental importance in chronic venous ulcer genesis 
(e.g. Rook et al., 1972). However, Medawar (1947) 
has shown that epidermal cells in culture can survive 
anoxia for at least 1 week, and migrating cells certainly 
appear to be able to survive in situations of low 
oxygen tension. Khumullo and Lotova (1975) 
reported that epidermal proliferative activity is 
reduced in situations of chronic hypoxia, but this 
does not seem to be the case in the present study. 
Dermal development evidently requires higher levels 
of oxygen tension (Niinikoski et al., 1972), and it 
seems likely that if hypoxia is a significant factor in 
ulcer genesis, it effects primarily dermal survival. 

The evidence presented here shows that mitotic 
activity is still present at the edges of chronic venous 
ulcers, cells with characteristics of migration are seen 
and keratin formation occurs in the adjacent epi- 
dermis. The indolence of these lesions cannot be 
explained by any lack of epidermal cell production 
and must be due to increased cell loss, although the 
mechanism of this remains to be elucidated. 
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Occult primary malignant melanoma: 


factors influencing survival 


G. W. MILTON, H. M. SHAW AND W. H. MCCARTHY* 


SUMMARY 
Seventy-six patients with occult primary malignant 
melanoma were studied in order to detect features which 
would help to determine prognosis. It was found that the 
5-year survival rate of these patients was: (a) no worse 
than in patients first presenting with one known primary 
lesion and metastases; (b) just as poor for women as for 
men; (c) more favourable if only a single lymph node 
was involved with secondary deposits; (d) similar 
whether the manner of spread of the disease was 
lymphatic or haematogenous; (e) similar whether there 
was or was not a history of a pre-existing lesion. 

The prognosis for occult primary malignant melanoma, 
although bad, is not hopeless. 


Tue development of metastases in the absence of a 
primary lesion is one of the problems posed by the 
variable biological behaviour of malignant melanoma. 
It has been thought that the prognosis for patients 
presenting with this syndrome is practically hopeless 
(Das Gupta et al., 1963), but there are no compre- 
hensive reports in the literature on survival rates in 
large series of patients with occult primary melanoma. 

The present study of 76 patients with occult primary 
malignant melanoma was undertaken to determine 
survival rates and to try to detect any features which 
might be of help in determining the prognosis. 


Patients and methods 

Between January 1950 and January 1977 clinical records were 
carefully kept of 1833 patients treated by two of us (G. W. M. 
and W. H. McC.) for malignant melanoma at the Sydney 
melanoma clinics at Sydney Hospital, St Vincent’s Hospital 
and Royal Prince Alfred Hospital. There were 76 patients 
specifically studied in this survey, all of whom first presented 
with secondary deposits of malignant melanoma but no 
detectable primary lesion. Each patient underwent a thorough 
clinical examination and routine tests (e.g. chest X-ray, liver 
function tests and haematological investigations). A tissue 
diagnosis of metastatic melanoma was established by excision 
of lymph nodes or subcutaneous metastases. In order to 
exclude unrecognized primary tumours, any pigmented lesion 
in the watershed of the affected nodes was excised for biopsy. 
In two instances an apparently unchanging ‘mole’ was found 
to be malignant. These cases were excluded from the present 
series. At all follow-up visits, the patient was checked for a 
possible primary tumour that had been overlooked at the 
original examination. Throughout the study, however, if a 
primary lesion was not detected at the first examination, one 
was never found subsequently. 

Included in this survey were patients who either gave no 
history of any pre-existing lesion or gave a history of a pre- 
existing lesion in the watershed of the involved lymph nodes 
which had disappeared or fallen off. 

A life-table method for computing survival rates was used 
which gnables survival information to be included on cases 
which enter a series too late to have the opportunity to survive 
for a full 5 years (Cutler and Ederer, 1958). Statistical analyses 
of the differences between survival rates were carried out by 
the log rank method described by Peto et al. (1977). The 
observed and expected differences in death rates were summated 
for each group and analysed for significance by the y? test 
with | degree of freedom. 


Results 


Incidence 

Presentation: The incidence of occult primar? 
melanoma in all patients attending the clinics was 
4-1 per cent (5-7 in men and 2-6 in women). In nearly ° 
three-quarters of the patients (60) the first presentation 
was an enlarged lymph node or nodes (42 men and 18 
women). The site of lymphatic involvement in these 
patients is shown in Table I. Survival was especially 
poor among those patients with secondary deposits in 
the axilla and among men with secondary deposits in 
the groin. 

In 56 of the 60 patients with lymphatic spread, 
histological data on all the excised lymph nodes were 
available. In this group a single node was involved in 
26 patients (21 men and 5 women) and multiple nodes 
were involved in 30 patients (18 men and 12 women). 

In the remaining 16 patients (10 men and 6 women) 
the disease appeared to be blood-borne, since these 
patients first presented with either subcutaneous 
nodules apparently not in transit from a regressed 
primary site or with visceral metastases. The site of 
haematogenous involvement in these patients is 
shown in Table H. In this group there was a pre- 
dominance of patients with skin metastases. 


Table I: SITE OF SECONDARY DEPOSITS IN THOSE 
PATIENTS WITH OCCULT PRIMARY LESIONS AND 
LYMPHATIC INVOLVEMENT 


Neck Axilla Groin 
Men 13 {7) 17 (12) 12 (10) 
Women 4 (2) 5 (4) 9 (4) 


Figures in brackets represent the number of patients who 
died from melanoma. 


Table I: SITE OF SECONDARY DEPOSITS IN 
THOSE PATIENTS WITH OCCULT PRIMARY 
LESIONS AND HAEMATOGENOUS SPREAD 


Skin Viscera 
Men 7 (5) 3 (2) 
Women 5 (3) 1 (1) 


Figures in brackets represent the number of patients who 
died from melanoma. 


Fifty patients (33 men and 17 women) professed to 
have no knowledge of a previous mole or blemish; 
26 patients (19 men and 7 women) gave a history 
suggestive of a primary lesion which had regressed. 
A typical case history ts as follows: 

A 38-year-old man presented with an enlarged axillary lymph 
node, later shown to contain metastatic melanoma. On the 
chest wall there was a pale amelanotic patch of skin in the 
drainage area of the involved axilla (Fig. 1) and the patient 
stated that 18 months before he had felt a lump in his armpit, 
he had had a ‘mole’ at that site. It had enlarged, itched, turned 
black ‘like a blood blister’, bled on one occasion and had 
eventually fallen off. In the absence of any other primary 
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Fig. 1. Chest wall of a patient showing an amelanotic patch 
of skin, presumed to be the site of a completely regressed 
primary malignant melanoma. 
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Fig. 2. Duration of presenting symptoms in all 76 patients 
with occult primary melanoma. 
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melanoma, it was presumed that this was an account of 
complete regression of a primary melanoma. Partial regression 
of a primary melanoma is not uncommon (McGovern, 1975). 


Duration of presenting symptoms: The first symptom 
of the disease in all patients with lymphatic involve- 
ment was the appearance of one or more enlarged 
lymph nodes. The typıcal clinical history was that the 
_ lump appeared suddenly and was painless; the patient 
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Fig. 4. Cumulative 5-year survival rate for 26 patients with 
occult primary melanoma and a single node involved with 
secondary deposits and 30 patients with occult primary 
melanoma and multiple nodes involved with secondary 
deposits. 


usually first noticed it when washing and the lump did 
not subsequently enlarge, indeed it often seemed to 
become a little smaller after a few weeks. Inguinal 
lymph nodes were often mistaken for a hernia by the 
family physician, and, when the patient eventually 
presented to the clinic, at all sites it was unusual to be 
able to feel more than one enlarged node. The patient 
was often given a course of antibiotics by his own 
doctor and was sent to the clinic when the lump 
failed to resolve completely or was biopsied. 


In the majority of patients with haematogenous 
spread, the first symptom of the disease was the 
appearance of one or more subcutaneous nodules. The 
duration of the presenting symptoms in patients with 
occult primary melanoma is shown in Fig. 2. More 
than half the patients noticed their first symptom 
within 4 months of presenting to the clinics. 


Survival 
Five-year survival rates calculated for the 52 men and 
24 women with occult primary melanoma were found 
to be 27-2 and 28-7 per cent respectively. These were 
much lower than the corresponding values for all other 
856 men and 901 women treated for malignant 
melanoma at the clinics (70-3 and 80-9 per cent). The 
5-year survival rates in 42 men and 18 women 
presenting with occult primary melanoma and lym- 
phatic involvement at first definitive treatment were 
compared with those in 178 men and 89 women first 
presenting to the clinics with one demonstrable 
primary lesion and lymphatic involvement (Fig. 3). 
Survival rates were similar in these two groups. 
Closer examination of those patients presenting 
with an occult primary lesion and lymphatic involve- 
ment revealed that the extent of this involvement 
markedly influenced survival (Fig. 4). Combined 
values for men and women were used in order to 
obtain an adequate number of patients to calculate 
the 5-year survival. Those 26 patients with only a 
single node containing secondary deposits had a 
significantly higher 5-year survival rate than those 
30 patients with more than one node involved 
(z? = 467; 1 df.; P<90-05). The average disease-free 
period in those still surviving in these two groups is to 
date about the same (22-9 versus 24-5 months). 
Patients dying from occult primary lesions in our 
survey accounted for 15-4 per cent of all male deaths 
and 8-9 per cent of all female deaths in this series. 
The 5-year survival rate in the 60 men and women 
in whom the disease was spread by the lymphatic 
system (25-5 per cent) was similar to that in the 16 
men and women (26:1 per cent) in whom the disease 
was haematogenously spread. Similarly, the 5-year 
survival rate in the 50 men and women with a history 
of a pre-existing lesion (24-5 per cent) was similar to 
that in the 26 men and women with no history of a 
pre-existing lesion (24-1 per cent). We could demon- 
strate no correlation between duration of survival and 
duration of presenting symptoms in all 76 patients 
with occult primary melanoma. 


Discussion 

It is not possible to determine the precise incidence of 
occult malignant melanoma in New South Wales 
since compulsory registration of cancer in this state 
only commenced in 1972. It is possible that the 
incidence determined from patients presenting to the 
melanoma clinics was deceptively high since patients 
who have such a condition are more likely to be 
referred to a specialized clinic. None the less, the 
incidence and sex distribution determined in our 
survey 5-7 per cent in men and 2-6 per cent in women) 
were similar to values from two other more repre- 
sentative surveys—-the Queensland Melanoma Project, 
which found 70 and 2-6 per cent respectively 
(Beardmore et al., 1969) and the Mixed Tumor 
Service, Memorial Hospital, which found 46 and 
2:8 per cent respectively (Das Gupta et al., 1963). 


Occult primary malignant melanoma 


Since the ratio of all men to all women seen at our 
clinics is approximately 1-0, these figures show that 
more than twice as many men present with occult 
primary melanoma than women. 

Other reports of the incidence of occult primary 
lesions amongst patients suffering from malignant 
melanoma vary from 1-0 to 8-7 per cent, these figures 
depending on how stringent the criteria for selection 
of the patients may be. In making our estimates of 
incidence, other patients who gave past histories of 
having moles, freckles or blemishes removed bye 
surgery or diathermy were excluded on the reasonable 
assumption that the scar of the previous treatment 
indicated the site of a primary melanoma. Using 
similar criteria, Das Gupta et al. (1963) obtained an 
overall incidence of 3-7 per cent-—a figure similar to 
our 4-1 per cent. 

It was found that survival in patients with no 
obvious primary lesion and metastases from a 
malignant melanoma is very poor compared with the 
5-year survival rate for all patients presenting to the 
clinics (70-3 for men and 80-9 per cent for women). 
Nevertheless, in keeping with the findings of Das 
Gupta et al. (1963) and Smith and Stehlin (1965), the 
5-year survival rate for those patients with no obvious 
primary lesion and lymphatic involvement was only 
slightly less than that in patients with one demon- 
strable primary lesion and lymphatic involvement. If 
there was lymphatic involvement at the time of first 
definitive treatment, the 5-year survival rate in women 
was no longer more favourable than in men with 
similar involvement, irrespective of whether the 
primary lesion was occult in nature or not. 

The involvement of multiple lymph nodes with 
secondary melanoma at first definitive treatment 
meant that a patient with occult primary melanoma 
had a much poorer chance of surviving 5 years. This 
was despite the fact that in every case of multiple 
involvement except one, radical dissection of the 
glands was performed. From Table / it appears that 
the site of lymphatic involvement in men and women 
with occult primary melanoma is similar to the site of 
lymphatic involvement in those patients with a known 
primary lesion, in that there was a preponderance of 
axillary nodes involved in men and inguinal nodes in 
women. Low survival rates in patients with occult 
primary melanoma were probably related to the fact 
that many of the patients had secondary deposits in 
the axilla (Beardmore et al., 1969; Milton, 1973). 

In most of our patients with occult primary 
melanoma the duration of symptoms was short but 
the range in duration was wide. In contrast to the 
observations of Mundth et al. (1965) on patients with 
a known primary lesion, in our patients with occult 
primary melanoma clinical activity of short duration 
was not closely correlated with poor survival; nor 
could the manner of spread of the disease be related 
to poor survival (Milton, 1973). A large number of 
cases of occult primary lesion studied in this survey 
did not conform to the usual pattern of metastases 
from a cutaneous melanoma, in which the first 
recurrence is found in the regional lymph nodes 
(Milton, 1966). In nearly one-quarter of the patients, 
the disease was apparently disseminated by the blood. 
although most of the metastases were not visceral but 
confined to the skin. The calculated 5-year survival 
rates in these patients with haematogenous spread 
proved no worse than those in patients with lymphatic 
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metastases. Thus, it appears that two factors which 
help to determine survival in patients with known 
primary lesions are of little value in determining 
survival in patients with occult primary melanoma. 

Male patients dying from occult primary lesions 
in our survey accounted for approximately the same 
proportion of all men dying from malignant 
melanoma as was found in the Queensland Melanoma 
Project. Nevertheless, our corresponding figure for 
women (8-9 per cent) is substantially smaller than that 

efor women in the Queensland project (18-2 per cent). 
The reason for this is not clear. 

A large proportion of patients reported a history of 
a mole having either disappeared or fallen off. No 
local recurrence subsequently occurred at these sites 
in our patients, and if indeed this was the site of their 
primary melanoma, it seems likely that either the 
lesion had been totally destroyed or any remaining 
tumour had spontaneously regressed (Milton, 1966). 
It is interesting to note that survival in these patients 
was as poor as in those patients who had no prior 
history of a mole or blemish. This supports the 
contention of Smith and Stehlin (1965) that regression 
or disappearance of the primary lesion does not 
indicate more benign histological behaviour on the 
part of the disease. Nevertheless, the possibility was 
not excluded that in some people a malignant 
melanoma could entirely regress and not metastasize 
and therefore go undetected. 

We conclude that the prognosis for patients with 
occult primary melanoma is poor but not hopeless, 
Provided that radical lymph node dissection is 
performed in all cases of occult primary melanoma 


and lymphatic involvement, survival is comparable 
to that in patients first presenting with a known 
primary lesion and lymphatic metastases, 
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-À Simplified Suturing. 
The Quiet Revolution. 


Youte already aware of the 
Simplified:Suturing System. 

it's the logical answer to a bewild- 
ering situation that's exploded over 
the years into an overwhelming pro- 
fusion of Suture and needle avail- 
ability, which confused everyone, 
manufacturets like ourselves included. 

At a stroke, we've brought a little 
sanity back tô suturing, with a simple 
system that Surgeons like you agreed 
was long overdue. A multipurpose 


needle, with three superlative syn- 
thetic materials giving a versatile con- 
trolled permutation of suture/needle 
size combinations for most applic- 
ations youre likely to want. And every 
piece conveniently packaged in a 
sensible colour-and-digital-coded way. 
(Your Theatre staff will thank you for 
that). 


Simplified Suturing System. The 
quiet revolution you'll call a revelation. 
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Ceporin prophylaxis 
in abdominal surgery 
reduces primary wound sepsis 


In 5 trials’ involving 2,491 operations Resistance not a’problem 

Ceporin was shown to significantly Ceporin has been shown not to alter 
reduce the incidence of primary sepsis hospital ecology of bacteria. Whereas 
in contaminated or potentially between 1971 and 1974 the number of 
contaminated wounds, when strains resistant to ampicillin increased 
compared with untreated controlsand significantly. | 

with other antibacterials and 1. Journal of Antimicrobial 

antiseptics. Chemotherapy (1975) 1, (Suppl) 71 


2, Lancet (1975) 4, 1251 
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E = cephaloridine 
Full prescribing information on Ceporin {trade mark) is available from: Glaxo Laboratories Ltd, Greenford, Middlesex UB6 0HE 
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Every step forward in surgical techniques can be a step i 
„Si i i ir j To: Eschmann Bros. & Walsh Ltd., Peter Road, Lancing, 
backward, since each new piece of equipment required needs its I) Weer Sussen BNIE BTI Engionel Tok Caren oon 
own space, at the expense of the surgical team. sores vid table aaa - adik PEA 
It's a vicious circle to trap the unwary. Before you know it, | aanne or arrange FOr a techeleel taptesontetiiens cal 

the whole theatre is a mess of cables and tubing. Eschmann | 


Operating Room Planning is designed to take the logical way out. # NAME 
All equipment which can be operated by remote control is Fehon 
gathered into one wall-mounted panel, leaving the service l ADDRESS 


@utlets only available to the surgical team. All the services that 
normally get in the way are distributed underfloor or overhead. l 
There's a choice of three panels to cover most services | 
requirements. Or they can be purpose built. j ESCHMANN 
Call in Eschmann before you plan a theatre. It saves time, advancing the cause of good health 
trouble, unnecessary expense and ensures clutter-free surgery. sims eal ete wets den ‘hike add RAMANA EGG eas tikes aie 
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Diagnosis and management of post-cholecystectomy 
symptoms: the place of endoscopy and retrograde 


choledochopancreatography 
. IMRIE, I. 


L. H. BLUMGART, R. CARACHI, C. W 
AND J. G. DUNCAN#* 


SUMMARY 

Endoscopic retrograde choledochopancreatography 
(ERCP) was employed in 52 patients symptomatic 
after cholecystectomy in whom barium meal studies 
and intravenous cholangiography had failed to yield a 
diagnosis. Cannulation of the papilla of Vater was 


carried out in 50 of the patients in a mean time of 


10 min. Diagnostic information demonstrating a 
pathological lesion or a normal biliary and pancreatic 
ductal s ystem was obtained by means of endoscopy and 
ERCP in 48 cases. There were no serious complications. 

A pathological lesion was demonstrated in all but 
one of the patients presenting with jaundice, cholangitis 
or pancreatitis but the diagnostic yield was not as high 
in patients with vague upper abdominal symptoms. 

Endoscopy and ERCP are the investigative pro- 
cedures of first choice in complex post-cholecystectomy 
cases in whom intravenous cholangiography fails, 
gives incomplete information or suggests normality in 
the face of continuing symptoms or clinical evidence 
of residual biliary disease. 


THE majority of patients with calculi in the gall- 
bladder or within the biliary ductal system are cured 
following cholecystectomy and, when necessary, 
choledocholithotomy (Burnett and Shields, 1958: 
Le Quesne et al., 1959; Schofield and McLeod, 1966; 
Bodvall, 1973: Le Quesne, 1974). However, in a 
proportion of patients, symptoms persist or recur, or 
indeed new symptoms may develop. While many such 
patients have retained common bile duct stones or 
other pathological conditions within the biliary tree, 
investigations may reveal associated lesions such as 
peptic ulceration, hiatus hernia or diverticular disease 
of the colon. Furthermore, neuromuscular disorders 
associated with bile reflux into the stomach may 
occur in some patients with gallstones and this may 
account for persistent flatulent dyspepsia. Other 
authors, in the absence of a precise diagnosis, have 
proposed a psychosomatic origin for the symptoms 
(Valberg et al, 1971) and indeed psychological stress 
acting through the automomic nervous system may be 
a factor in some cases (Johnson, 1975). 

Intravenous cholangiography has been a mainstay 
in the diagnosis of patients symptomatic after cho- 
lecystectomy and provides information in some cases. 
However, in others diagnostic films may not be 
obtained and intravenous cholangiography is of no 
value if the serum bilirubin is greater than 70 umol/l 
(Blumgart et al., 1974). Thus, precise diagnosis is 
ofte difficult and decision as to the advisability of a 
further operation may be compromised. Not only 
may some patients come to laparotomy without pre- 
operative diagnosis but the surgeon may discover 
that he is unable to reach an operative diagnosis and 
is thus without information on which to base rational 
surgery. 
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ERCP has been shown to be of value in the inves- 
tigation of biliary and pancreatic disease (Ogoshi ete 
al., 1970; Cotton et al., 1972) and its potential value 
in post-cholecystectomy patients has been noted 
(Blumgart et al., 1975). Endoscopy may reveal 
lesions of the upper gastro-intestinal tract not shown 
by barium meal studies, and high quality choledo- 
chopancreatography is readily obtainable in most 
patients, even the deeply jaundiced (Blumgart et al., 
1974; Vennes et al., 1974). In the past 100 consecutive 
examinations carried out in our department, we have 
succeeded in cannulating the papilla of Vater in 
88 per cent of patients and the relevant duct in 71 
per cent, with an overall diagnostic rate for endoscopy 
and ERCP of 82 per cent (Blumgart, 1978). 

This paper reports a selected group of 52 patients, 
drawn from cases referred to the University Depart- 
ment of Surgery, Glasgow Royal Infirmary, with 
persistent or recurrent symptoms after cholecystec- 
tomy. All the patients were submitted to endoscopy 
and ERCP and an assessment was made of the place 
and value of the procedure in the diagnosis and 
management of such patients. 


Patients and methods 

Fifty-two patients (17 male, 35 female; average age 60 years), 
all symptomatic after cholecystectomy, were investigated. 
All patients had initially been submitted to operation, either 
on the evidence of a positive radiological demonstration of 
gallstones or because oral cholecystography had failed to 
reveal a ‘functioning’ gallbladder. Cholecystectomy had been 
performed in all the patients with the addition of common bile 
duct exploration in 16. Of these, 11 had been submitted to 
supraduodenal choledochotomy (4 had  choledochoduo- 
denostomy performed) while in 5 a transduodenal approach 
with sphincteroplasty was employed (Table I). 

In addition, at the time of referral, 10 patients had already 
been submitted to a second or subsequent laparotomy (Table I). 
Of these, a duodenal ulcer had been treated by vagotomy and 
gastrojejunostomy in 1, 1 patient had drainage of a subhepatic 
abscess together with re-exploration of the common bile duct 
and 3 had been submitted to reoperation and transduodenal 
exploration of the common bile duct with sphincteroplasty. 
In the remaining 5 patients, laparotomy had not been helpful 
in that no lesion had been found to account for the patients’ 
symptoms and no direct surgery to the biliary apparatus 
performed. 

Patients referred to our department with post-cholecystec- 
tomy symptoms have usually already undergone extensive 
investigations and multiple radiological studies. No patient 
in whom intravenous cholangiography had yielded informa- 
tion on which a clinical decision could be based was included 
in this study. In addition, previous X-rays were examined and, 
if it was considered that intravenous cholangiography had been 
unsatisfactory, infusion cholangiography with tomography 
was carried out (except in jaundiced patients, i.e. bilirabin 
greater than 70 umol/}. If diagnostic information was obtained, 
the patient was excluded. Thus, in all 52 patients, intravenous 
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Table I: PREVIOUS SURGERY 


First operation Subsequent operation 


Cholecystegtomy alone 36 Laparotomy alone 5 
Additional CBD 16 Transduodenal 3 
exploration sphincteroplasty 
Supraduodenal ji Drainage of subhepatic i 
(4 with choledo- abscess 
choduodenostomy) 


Transduodenal with 5 Vagotomy and drainage | 


. sphincteroplasty 





Total 52 Total 10 
To aE 
CBD, Common bile duct. 
Table H: JAUNDICED PATIENTS (18) 
Diagnosis 
(endoscopy/ERCP) No. Management 
Normal biliary ductal 3 Liver biopsy 
system No operation 
Conservative 
treatment 
Retained calculi in CBD 12 Choledocholithotomy 
Bile duct stricture 2 Hepatico- 
jejunostomy 
Choledochoduodenostomy; i No operation 
stenosis CBD 
CBD, Common bile duct. 
Table HI: PATIENTS WITH DYSPEPSIA/BILIARY 
PAIN (21) 
Diagnosis 
(endoscopy/ERCP) No. Management 
Normal biliary/pancreatic 6 No operation 
ducts Conservative 
Duodenal ulcers 3 Vagotomy/ 
(normal pancreatic/bile pyloroplasty 
ducts) 
Choledochoduodenostomy 1] 
Choledochoduodenostomy/ 2 Choledocho- 
filling defects in bile duct i jejunostomy 
(mucoid globules) 
Retained CBD calculi 3 Choledocholithotomy 
alone 2 
Choledocholithotomy 
with choledocho- 
jeyunostomy | 
Pancreatic duct stricture l Conservative 
gastrojejunostomy 
Pancreatic cyst I No operation 
Conservative 
Papillary stenosis/dilated 1) 
CBD Choledochojejunos- 
Stenosis lower end CBD/ ] i tomy 
dilated duct J 


CBD, Common bile duct. 
One case normal pancreatic duct only outlined—no diagnosis. 
One case reflux of dye only, no duct outlined—no diagnosis. 


cholangiography had failed to outline the biliary ductal system 
(35 patients) or the common bile duct was incompletely 
visualized or considered normal despite strong clinical and/or 
biochemical! evidence of biliary obstruction or pancreatitis 
(17 patients). 

On admission, a careful history was obtained and the 
patients were classified according to their predominant 
symptom. It was found that 18 patients suffered from persis- 
tent or recurrent attacks of jaundice, 21 from upper abdominal 
pain of dyspeptic character and 8 had recurring attacks of 
biochemically proved pancreatitis. In the remaining 5, 
cholangitis was the major clinical feature. Many patients had a 
combination of these symptoms {Tables H-V}. 


Table 1V: PATIENTS WITH PANCREATITIS (8) 


Diagnosis 
(endoscopy/ERCP) Na. Management 
Choledochoduodenal fistula 1 - No operation 
Stenosed sphincteroplasty l Exploration advised 
Lost to follow-up 
Stenosed sphincteroplasty/ 1 Choledochojejunostomy 
retained calculi in dilated 
CBD 
Stenosed sphincteroplasty/ j Choledochoduo- 
dilated CBD/retained denostomy 
debris 
Dilated CBD/retained calculi 2 Choledocholithotomy | 
Choledochoduo- 
denostomy | 
Pancreatic duct stricture 2* Splenectomy/distal 
l pancreatectomy 


CBD, Common bile duct. 
* One misdiagnosed: died. 


Table V: PATIENTS WITH CHOLANGITIS (5) 


Diagnosis 
(endoscopy/ERCP) No. Management 

Sclerosing cholangitis/ i No operation 

stenosed sphincteroplasty Conservative 

treatment 

Bile duct stricture i Hepaticojejunostomy* 
Dilated bile duct with l Choledochoduo- 

biliary mud denostomy 
Stenosed sphincteroplasty l Choledochoduo- 

(endoscopic diagnosis—— denostomy 


cannulation failed) 


One case cannulated, reflux of contrast-—no diagnosis. 
* Died. 


Endoscopy and ERCP was carried out in the X-ray depart- 
ment using an Olympus JFB 2 side-viewing duodenoscope. 
The endoscopic and radiological techniques have been pre- 
viously described (Burwood et al., 1973; Blumgart et al., 1974). 
The time taken from commencing the examination until 
cannulation of the papilla of Vater was noted in each instance. 
Following cannulation, contrast medium was injected. 
Although in over half the patients both the biliary and the 
pancreatic ductal systems were outlined, an attempt was not 
always made to demonstrate both ducts if the diagnosis was 
clear after cannulation of the common bile duct alone. Follow- 
ing examination, the patients were kept in hospital overnight. 
The serum amylase was measured within 3 h of the procedure 
and 15h later if pain or nausea were present. Complications 
were recorded. 

Percutaneous transhepatic cholangiography was used selec- 
tively in cases in which failure of ERCP occurred or if it was 
considered desirable to demonstrate the upper extent of a 
stricture previously demonstrated at ERCP. 


Results 

The endoscope was successfully passed in all cases and 
the papilla of Vater was visualized in each instance. 
Cannulation was possible in 50 patients (96 per cent) 
in a mean time of 10min. The entire examination, 
including radiological procedures, did not exceed 
45min in any patient. Both the biliary and the 
pancreatic ductal system were outlined in 28 patients 
and the relevant duct was considered to have been 
displayed in 48 (92 per cent). In 3 patients, both the 
papilla of Vater and the stoma of a previous choledo- 
choduodenostomy were cannulated. Either a positive 
diagnosis or clear evidence of normality of the pan- 
creatic and biliary ductal systems was obtained by a 


combination of endoscopy and ERCP in 48 (92 per 
cent) of the 52 cases. A misdiagnosis was recorded in 
one instance where a pancreatic ductal stricture was 
sugpected but not proved at subsequent laparotomy. 

Significant elevations of the serum amylase were 
recorded in 4 patients, and in 2 of these the clinical 
picture was of moderate acute pancreatitis. In both 
patients pain and symptoms resolved within hours on 
conservative management. No other complications 
were recorded. 


Endoscopic diagnosis 

A detailed analysis revealed that a lesion was 
visualized by means of endoscopy alone in 12 cases, 
although in some of these patients subsequent can- 
nulation and ERCP were used to confirm or extend 
the visual impression. Thus, in 3 patients reported as 
normal after a previous barium meal examination, 
duodenal ulcers were seen and in all 3 a normal biliary 
and pancreatic tree were subsequently outlined at 
ERCP. In 7 of the 8 patients previously submitted to 
sphincteroplasty, stenosis of the orifice had occurred 
and peristomal inflammation was evident. It sub- 
sequently proved possible to outline the biliary tree 
in all but one of these cases. In that patient, an 
endoscopic diagnosis of stenosis was later sub- 
stantiated at operation. In one of the patients, said 
to have undergone sphincteroplasty, it was clear that 
the papilla of Vater was perfectly normal and that a 
transduodenal choledochoduodenostomy had been 
performed resulting in a choledochoduodenal fistula. 
This anastomosis was stenosed and following can- 
nulation it was possible to demonstrate narrowing of 
the common bile duct distal to the anastomosis and 
extending down to the papilla of Vater. 

In 4 patients a choledochoduodenostomy had been 
performed before referral, although in one patient 
details of previous operative treatment were not 
available, the anastomosis being visualized at endo- 
scopy and cannulated at that time. 


ERCP diagnosis 

Radiological information was obtained in 48 patients. 
In 12 patients a completely normal biliary and 
pancreatic ductal system was outlined and in I a 
normal pancreatic duct alone. In 19 patients calculi 
were demonstrated within the biliary ductal system, 
sometimes in association with abnormalities such as 
stenosis of the sphincteroplasty stoma. In several 
patients the ducts were not grossly dilated and had 
indeed been reported as normal at intravenous 
cholangiography (Fig. 1). 

Stricture of the common bile duct was shown in 3 
patients, in one of whom the entire biliary tree was 
outlined. In the other 2, percutaneous transhepatic 
cholangiography was necessary to demonstrate the 
upper limits of the stricture. In 2 further patients 
there was a stenosed segment of common bile duct 
within its retropancreatic portion. In 4 patients, 3 
with a choledochoduodenostomy and { with a 
choledochoduodenal fistual (see above), the stomal 
orifiee and the papilla were both cannulated. In one 
patient a sphincteroplasty with rigid margins which 
easily admitted the catheter was cannulated to reveal 
much debris within a dilated proximal common bile 
duct. In patients with choledochoduodenostomy or 
sphincteroplasty it is difficult to distinguish air 
bubbles from filling defects due to stones or debris. 
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Radiological technique in this situation is important 
and films should be taken with the patient in the 
upright position. In 2 patients it was considered 
that the duct contained debris (Fig. 2) bat at sub- 
sequent operation the filling defects seen at ERCP 
proved to be globules of inspissated bile, culture of 
which yielded a heavy growth of Escherichia coli. 

In one patient papillary stenosis was judged to be 
present in that the papillary orifice was tiny, a dilated” 
common bile duct was demonstrated and drainage of 
contrast medium from the duct was extremely sloy. 
Sclerosing cholangitis was demonstrated in one 
further patient who had a history of ulcerative colitis 
(Fig. 3). 

A pancreatic cyst was outlined in the head of the 
pancreas in one patient and a pancreatic ductal 
stricture was considered present in 4 patients, 
although in one of these the diagnosis subsequently 
proved erroneous. In 2 cases, although cannulation 
was successfully carried out, repeated attempts at 
injection of contrast medium resulted in reflux info 
the duodenal lumen and no diagnosis was made. 


Patients presenting with jaundice (Table H) 

Of the 18 patients in this group, 17 had jaundice of an 
intermittent or fluctuating nature, presenting at 
periods up to 15 years after the initial operation. In 
one of the patients submitted to cholecystectomy and 
exploration of the common bile duct, jaundice 
persisted after operation. In addition to jaundice, 
7 of the patients in the group had one or more 
attacks of recurrent acute pancreatitis and 2 had 
attacks of cholangitis. 

Endoscopy and ERCP gave the diagnosis in all 18 
patients in this group. It is of particular interest that 
in 3 patients a normal biliary ductal system was out- 
lined. establishing beyond doubt that the jaundice 
was not associated with extrahepatic obstruction. In 
2 of these 3 patients a diagnosis of primary biliary 
cirrhosis was subsequently made and in the remaining 
patient liver biopsy and further investigation revealed 
a diagnosis of myelomatosis. Retained calculi within 
the common bile duct were the most common cause 
of jaundice, although biliary ductal stricture was 
present in 2 patients. In one patient stenosis of the 
terminal common bile duct was found in association 
with a functional choledochoduodenostomy. The 
jaundice was subsiding at the time of examination and 
has not recurred. 

Fourteen patients in this group were submitted to 
operation, the diagnosis being confirmed in all. In the 
12 patients with retained common bile duct stones 
choledocholithotomy was performed and in the 2 with 
stricture a Roux-en-Y hepaticojeyunostomy was 
carried out. There was no mortality for choledo- 
cholithotomy in this group. 

Patients presenting with biliary colic/dyspepsia 
(Table HI) 

Of the 21 patients in this group, an abnormality was 
demonstrated at endoscopy and ERCP in only 13. 
All 3 duodenal ulcers diagnosed in the study pre- 
sented with upper abdominal pain and all 3 were 
shown to have a normal pancreatic and biliary 
ductal system. In addition, 3 patients with choledo- 
choduodenostomy were considered to have inflam- 
mation of the stomal orifice and in 2 of these this was 
associated with a normal calibre common bile duct 
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Fig. 1. Stones within the common bile duct in a woman 
aged 52 suffering from recurrent attacks of dyspeptic pain 
and ill-health. Liver function tests showed no abnormality. 
Previous intravenous cholangiography was reported as 
normal. Note that the extrahepatic bile ducts are not 
grossly dilated. 
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Fig. 2. Cannulation of a choledochoduodenostomy in a 





woman aged 55 suffering from vague upper abdominal pain, 


anorexia and lassitude. The stomal orifice was small. Note 
particularly the tiny filling defects within the common bile 
duct and the common hepatic duct. At operation, globules 
of inspissated bile were found, which on culture yielded a 
heavy growth of Escherichia coli. The patient was symptom- 
free 18 months after a Roux-en-Y choledochojejunostomy. 





Fig. 3. Choledochography in a 44-year-old man with 
recurrent attacks of cholangitis. He was initially submitted 
to cholecystectomy and choledochotomy for jaundice. 
Subsequently he had a total proctocolectomy for ulcerative 
colitis but then developed recurrent attacks of cholangitis. 
Two further operations were carried out and sphinctero- 
plasty was performed without relief of symptoms. 
Endoscopic examination revealed a stenosed but patent 
sphincteroplasty orifice. There is diffuse sclerosing 
cholangitis present involving multiple intrahepatic ducts. 
The patient was treated conservatively. 


containing mucoid debris. These patients presented 
with dyspepsia and ill-health (Fig. 2). Three further 
patients had retained common bile duct stones 
without any history of jaundice and 2 of these showed 
no abnormality in liver function tests (Fig. 1). One 
patient, with upper abdominal pain and a previous 
cholecystectomy and gastrojejunostomy, was shown 
to have a pancreatic ductal stricture and another 
patient to have a small cyst in the head of the pan- 
creas. Both these patients were treated conservatively. 
Two patients were noted to have a dilated common 
bile duct; one had associated papillary stenosis and 
the other a stenosed segment in the retropancreatic 
portion of the common bile duct. However, 6 patients 
in this group had normal findings at gastroduodeno- 
scopy and a normal biliary and pancreatic ductal 
system demonstrated at choledochopancreatography. 
In one patient a normal pancreatic duct alone was 
demonstrated. 

In this group of patients choledocholithotomy was 
carried out in 2 of the patients with retained common 
bile duct stones and choledocholithotomy plus a 
Roux-en-Y choledochojejunostomy in a further case. 
Vagotomy and drainage was carried out in 3 patients 
with duodenal ulcers. In 3 patients with choledo- 
choduodenostomy and 2 with stenosis of the lower 
end of the common bile duct, conversion to a 
Roux-en-Y choledochojejunostomy was performed. 





Fig. 4. Choledochography in a 56-year-old man with a 
history of recurrent attacks of pancreatitis. Previous surgery 
consisted of cholecystectomy and transduodenal exploration 
of the common bile duct with sphincteroplasty. A second 
operation was then carried out and vagotomy and 
gastrojejunostomy were performed for duodenal ulceration. 
Intravenous cholangiography failed to demonstrate the 
biliary ductal system. Endoscopy revealed a narrow and 
rigid sphincteroplasty through which a stone could be seen. 
Note the cannula introduced beyond the stone which is 
lying at the sphincteroplasty stoma and the dilated proximal 
common bile duct. The patient was treated by choledo- 
cholithotomy and end-to-side Roux-en-Y choledocho- 
jejunostomy with complete relief of symptoms. 


The endoscopic diagnosis was confirmed in each 
patient submitted to operation and there was no 
mortality in this group. 


Patients presenting with pancreatitis (Table IV) 

All 8 patients in this group suffered recurrent attacks 
of pain and hyperamylasaemia. Two patients had 
associated attacks of mild jaundice and another 
suffered recurring attacks of fever as well. The 
duration of symptoms ranged from 1 month to several 
years. 

Endoscopy and ERCP were successful in each 
case. A previous sphincteroplasty had been attempted 
in 4 of the 8 patients presenting with pancreatitis. In 
one patient the papilla of Vater was normal and a 
chol@édochoduodenal fistula had been created in 
error. In a second patient the sphincteroplasty orifice 
was found to be stenosed and this was associated 
with a dilated common bile duct. Both these patients 
were managed conservatively although exploration 
had been advised in the second case. A stenosed 
sphincteroplasty with vegetable debris in a proximally 
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Fig. 5. Choledochopancreatography in a 42-year-old woman 
submitted to cholecystectomy 15 years earlier. She 
experienced recurrent attacks of mild jaundice and at times 
severe upper abdominal pain. On several occasions a raised 
serum amylase was noted in association with the pain. A 
second operation involved choledochotomy but no cause for 
her symptoms was found. Note the normal extra- and 
intrahepatic bile ducts. The pancreatic duct is normal 

within the head and neck of the pancreas but there are two 
strictures of the duct in the proximal body with minimal 
distal dilatation. Delayed films revealed hold-up of 

contrast beyond this point 20 minutes after examination. 
Further investigation showed jaundice to be associated with 
the Dubin-Johnson syndrome. Distal pancreatectomy was 
performed confirming the presence of the strictures (arrowed) 
and histological changes of chronic pancreatitis in the distal 
pancreas. She now has complete relief of symptoms 2 years 
after the operation. 


dilated common bile duct was found in one patient, 
and a stenosed sphincteroplasty with retained calculi 
and a dilated common bile duct in yet another case 
(Fig. 4). Choledochoduodenostomy and a Roux-en-Y 
choledochojejunostomy respectively were performed 
in these patients. Retained calculi within the common 
bile duct were found in 2 patients and one of these 
was treated by simple choledocholithotomy, although 
in the other choledochoduodenostomy was necessary. 
A pancreatic ductal stricture was suspected in 2 
patients but the diagnosis subsequently proved 
correct in only one (Fig. 5). Both these patients were 
submitted to distal pancreatectomy and one died. 


Patients presenting with cholangitis (Table V) 

There were 5 patients in whom recurrent attacks of 
rigor and fever were associated with nausea, epigastric 
pain, ill health or weight loss. In 3 patients the 
attacks were associated with jaundice and in one 
patient with recurrent acute pancreatitis. The duration 
of symptoms was from 1 to 10 years. 

Endoscopy and ERCP yielded a diagnosis in 4 of 
the cases. In one patient a stenosed sphincteroplasty 
was cannulated to reveal sclerosing cholangitis in the 
proximal common bile duct (Fig. 3). This patient was 
treated conservatively. One further patient was noted 
to have a stricture of the common bile duct and was 
treated by a Roux-en-Y hepaticojejunostomy. This 
patient died in the postoperative period as a result of 
overwhelming infection. A dilated common bile, 
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duct was found in a further patient and was thought 
to contain biliary ‘mud’. This patient was submitted 
to choledgchoduodenostomy. In one further patient 
stenosis of a sphincteroplasty was found and cannula- 
tion in this patient failed. Subsequent operation 
revealed almost complete stenosis of the sphinctero- 
plasty orifice and choledochoduodenostomy was per- 
formed. In the remaining patient in this group, reflux 
of dye occurred after cannulation and no ducts were 
outlined. This patient was not submitted to operation. 

* The diagnosis was confirmed in all 3 patients sub- 
mitted to operation. 


Operative data 

Operation based on the ERCP findings has been 
carried out either in our department or by the 
referring consultant surgeon in 34 of the 52 patients, 
and the endoscopic diagnosis has been confirmed in 
33 of these (Tables H-V). 

Follow-up is incomplete. Two patients died in the 
postoperative period: one of overwhelming infection 
following hepaticojejunostomy for a high bile duct 
stricture, and the other after drainage of a subphrenic 
abscess complicating distal pancreatectomy. The 
remaining patients presenting with either jaundice, 
pancreatitis or cholangitis have had an excellent 
response to surgery and have remained symptom-free 
for periods varying from 6 months to 4 years. Of the 
patients presenting with dyspepsia, upper abdominal 
pain and colic, one patient with papillary stenosis 
submitted to choledochojejunostomy remains symp- 
tomatic. Follow-up is not available in one further 
patient in whom choledochojejunostomy was carried 
out for multiple retained common bile duct stones. 

There was no mortality among the patients sub- 
mitted to operation for removal of residual bile duct 
calculi. 
Comparison and 
ERCP 
Retrograde choledochography was successful in 33 of 
the 35 patients in whom intravenous cholangiography 
had failed to outline the biliary ductal system. 
Endoscopy and ERCP gave information in 15 of the 
remaining 17 patients in whom some ductal anatomy 
had been outhned at intravenous cholangiography 
but in whom a definitive diagnosis had not been 
offered. 

Calculi were demonstrated within the common bile 
duct in 18 cases and in several of these patients the 
common bile duct was shown to be either only 
slightly dilated or of normal calibre (Fig. 1). By 
contrast, several patients with a dilated duct shown 
at intravenous cholangiography were demonstrated 
to have no obstructing lesion. 


of intravenous cholangiography 


Discussion 

Of all patients submitted to cholecystectomy for gall- 
stones, approximately 5 per cent have persistent or 
recurrent symptoms (Bodvall, 1973). The investigation 
and management of these patients can present con- 
siderable difficulties. There is no such entity as a 
specific post-cholecystectomy syndrome (Schofield 
and McLeod, 1966) and, although symptoms may 
arise as a result of abnormality within the biliary 
tree or pancreas, they may also be the result of 
associated diseases such as peptic ulceration, hiatus 
-hernia or diverticular disease of the colon. In addition, 


further difficulty often arises in ensuring that symp- 
toms are related to demonstrated abnormalities. 

Intravenous cholangiography may be of value_in 
demonstrating clear evidence of abnormality within 
the biliary ductal system. However, in up to 40 per 
cent of patients, stones in the common bile duct will 
not be revealed (Le Quesne, 1976) and, furthermore, 
a normal biliary ductal system may be suggested on 
intravenous cholangiography in a patient with clear 
clinical evidence of biliary pathology (Fig. 1). Simi- 
larly, although intravenous cholangiography may 
demonstrate a dilated ductal system, it does not 
always demonstrate whether such dilatation is due to 
extrahepatic obstruction, and indeed in patients 
previously subjected to choledochotomy this may not 
be the case. Several patients in this study were found 
to have biliary calculi or other abnormalities related 
to an apparently normal biliary ductal system as 
shown on intravenous cholangiography, and in 
others a dilated common bile duct was shown to be 
quite free of any obstructing lesion. It is clear that 
intravenous cholangiography which either fails to 
outline the ductal system or does not provide diag- 
nostic films should not be accepted. Indeed, even 
when the common bile duct is outlined at intravenous 
cholangiography, it is important to carry out ERCP 
if a diagnosis has not been reached and the symptoms 
remain troublesome. 

While laparotomy dictated by symptoms may 
result in operative diagnosis, this can frequently be 
difficult, especially since adhesions may hinder 
exploration and operative cholangiography may pose 
problems in a patient previously submitted to surgery. 
Indeed, 10 of the patients included in this study had 
already undergone laparotomy and yet continued to 
be symptomatic. It is noteworthy that 5 of these 
operations yielded no diagnosis and no operative 
procedure was performed. The necessity for precise 
information is evident, first in the selection of patients 
for operation and secondly in the provision of infor- 
mation to guide appropriate surgery. 

One of the major advantages of endoscopy ts the 
direct visualization of the duodenum and the region 
of the papilla of Vater afforded by the method. 
Certainly this is of considerable importance in 
patients previously submitted to  transduodenal 
exploration of the common bile duct or choledo- 
choduodenostomy. The endoscopic appearance may 
be such as to cause the surgeon to carry out a bypass 
procedure related to the common bile duct rather than 
simple removal of residual stones. Thus, in some 
patients in this study stenosis and distortion of pre- 
vious sphincteroplasty orifices were seen at endoscopy 
but were not visible on choledochography. In such 
patients it has been our choice to employ Roux-en-Y 
choledochojejunostomy or choledochoduodenostomy 
and to avoid further interference with the sphincter. 
The ability to perform retrograde pancreatography ts 
also of importance. Some patients had symptoms 
entirely related to the pancreas with no demonstrable 
abnormality in the biliary tract. 

In this study useful information was obtainéd in 
92 per cent of the patients either by demonstration of 
a pathological lesion or by clear demonstration of a 
normal biliary and pancreatic ductal system. The 
diagnostic yield is high, especially in a group of 
patients in whom intravenous cholangiography and 
barium studies had failed to yield information. We 


do not,. however, suggest that ERCP should be the 
first line of investigation in the patient with post- 
cholecystectomy symptoms. Clearly full investigation 
with more conventional methods, including intra- 
venous cholangiography, should be employed 
initially. However, in the patient with persistent 
symptoms and in whom these investigations have not 
yielded a definitive diagnosis, ERCP is clearly 
justified. 

It is important to note that recent advances in 
percutaneous transhepatic cholangiography allow 
cholangiography in virtually 100 per cent of patients 
with a dilated biliary ductal system and in up to 
70 per cent of patients with non-dilated ducts (Okuda 
et al., 1974; Redeker et al., 1975: Elias et al., 1976: 
Benjamin et al., 1978). On the other hand, as em- 
phasized above, endoscopy allows visualization of the 
stomach and duodenum and of surgical stomas, and 
in addition, retrograde pancreatography, which is not 
obtainable by transhepatic methods. For these reasons, 
and also since in the early part of this study fine- 
needle cholangiography was not available in Glasgow, 
we chose to employ ERCP as the first investigation in 
patients in whom intravenous cholangiography had 
failed. The results have certainly justified this 
approach, but our recent experience and that of 
others with fine-needle cholangiography is such that 
we would probably now select this as the initial 
investigation in the jaundiced patient in whom 
neither sphincteroplasty nor choledochoduodenos- 
tomy had been performed (Benjamin et al., 1978; 
Jain et al., 1977). 

In patients in whom the presenting features were 
those of jaundice, cholangitis or pancreatitis, or a 
combination of these symptoms, a clearly defined 
abnormality was found in each instance. However, 
it is interesting to note that in the dyspeptic group 
suffering from vague abdominal pain, this was not 
always the case. In the latter group of patients 
fibre-endoscopy may detect pathological conditions 
missed at barium meal examination or demonstrate 
biliary pathology, but frequently no abnormality is 
found. This is important since further operative 
procedures in such patients are unlikely to be greeted 
with success. These patients may suffer from a disorder 
of gastro-intestinal motility associated with duodeno- 
gastric reflux (Johnson, 1975). 

Functional disorders affecting the coordinated 
motility of the bile ducts and sphincter of Oddi— 
‘biliary dyskinesia’—have been proposed as a cause 
of persistent symptoms following cholecystectomy 
(Mallet-Guy, 1952; Kune, 1972). A combination of 
radiology and manometry of the common bile duct 
has been employed at cholecystectomy in attempts 
to define the normal and pathological pressure 
relationships within the biliary system, but these 
measurements do not relate well to symptoms 
or to cholangiographic findings (Kune, 1970). 
Furthermore, peroperative tests of the function of the 
sphincter of Oddi are complicated by the effects of 
autonomically active and opiate anaesthetic drugs 
whieh are known to affect sphincter tone (Kune, 
1970). Endoscopic manometry overcomes some of 
these objections, but the technique remains fraught 
with problems relating to the choice of perfusion rate 
and pressure measuring systems and to the size of the 
cannula inserted through the papilla (Ribeiro et al., 
1977.) Neither manometric techniques nor the concept 
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of ‘biliary dyskinesia’ have become widely accepted in 
clinical practice. It is worthy of note that in the present 
highly selected group of patients with difficult post- 
cholecystectomy problems, an organic catise for the 
symptoms was found in almost every case. Thus while 
the existence and significance of functional disorders 
of the biliary tract remain unproved, the number of 
cases in which this is of relevance must be very small, 

There were 4 patients in the series in whom choledo- 
choduodenostomy had been performed. In one df 
these the operation had been carried out in order éo 
divert the biliary stream proximal! to a biliary ductal 
stenosis of unknown aetiology; ERCP showed the 
choledochoduodenostomy to be functioning well and 
the biliary ductal stenosis to be consequent on pan- 
creatitis. In the remaining 3 patients, however, it 
would seem that the operation had probably been 
carried out on dubious grounds, side-to-side anasto- 
mosis having been performed between the duodenal 
cap and a normal calibre common bile duct. The tiny 
filling defects which were visualized at retrograde 
cholangiography in 2 of these cases proved to be small 
globules of inspissated and infected bile and it would 
seem important to recognize this appearance (Fig. 2). 
Choledochoduodenostomy has been found by many 
to be a satisfactory procedure, particularly in the 
elderly patient with multiple gallstones within the 
common bile duct (Capper, 1961; Jones et al., 1963; 
Kune, 1972). The present authors agree with this 
view but would caution against choledochoduo- 
denostomy in the presence of a normal calibre 
common bile duct where stenosis of the orifice and 
subsequent infection seem likely. 

Transduodenal sphincteroplasty has its advocates 
in the management of benign obstruction of the 
lower common bile duct (Jones et al., 1969; White, 
1973). However, not all patients remain free of 
symptoms following this operation and 8 of the 
cases we studied had been submitted to sphinctero- 
plasty with poor results. It is quite clear that the 
surgeon may produce a false passage and perform a 
transduodenal choledochoduodenostomy in the mis- 
taken belief that he has performed a sphincteroplasty. 
Furthermore, stenosis may occur and, even in the 
presence of a widely patent yet rigid sphincteroplasty 
orifice, debris and stones may be held up proximally. 
Except in the case of stones impacted at the papilla 
of Vater, we avoid the transduodenal approach in 
primary operations in the biliary tract, and although 
we rarely perform sphincteroplasty for re-exploration 
of the common bile duct, we recognize that it has a 
place in this situation. 

Recently, endoscopic papillotomy has allowed 
transendoscopic removal of bile duct stones (Classen 
and Safrany, 1975; Koch, 1975; Cotton et al., 1976: 
Demling, 1976; Safrany, 1977). We have not employed _ 
this technique and its place has yet to be fully 
assessed. ERCP carries its own complications and, 
although we recorded no serious complications in this 
study, recent experience (Bilbao et al., 1976; Blumgart, 
1978) indicates a complication rate of 3 per cent. 
However, the morbidity of transendoscopic papil- 
lotomy is considerably higher and the mortality has 
been recorded as 1:3 per cent (Demling, 1976). It is 
worth commenting that, despite the fact that the 
patients in this series represented a difficult group, — 
there has been no mortality following operation for 
removal of residual bile duct stones. Precise surgery, 
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guided by exact preoperative information, would 
seem to be reasonably safe. Endoscopic papillotomy 
may have a place in high risk patients, such as those 
with sevefe cardiopulmonary disease, but careful 
assessment of the long term results will be necessary 
to ensure that late stenosis is not a problem. A 
possible indication for additional surgical pro- 
cedures other than simple choledocholithotomy 
must weigh heavily in favour of an open operative 
fpproach. 
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A case of myasthenia gravis with thyrotoxicosis - 
treated by combined subtotal thyroidectomy 


and total thymectomy 


N. NAGANATHAN, R. NAMBIAR, N. C. TAN AND S. C. CHIANG* ° 


SUMMARY 

Thyrotoxicosis occurring in conjunction with myds- 
thenia gravis is rare. The usual treatment consists of 
medical control of the thyrotoxicosis, then thymectomy 
and later subtotal thyroidectomy. The case reported 
here concerns a 19-year-old girl who had surgical treat- 
ment for both lesions on the same occasion. With 
proper medical preparation, modern anaesthesia and 
respiratory care, the surgical treatment of both lesions 
can be accomplished in one stage. 


THE value of early thymectomy for myasthenia gravis 
is well established (Simpson, 1958: Lange, 1960; 
Papatestas et al., 1971; Havard, 1973). Thyrotoxicosis 
is known to occur in 5 per cent of patients with 
myasthenia gravis (McEachern and Parnell, 1948). 
When the two diseases occur together the treatment of 
thyrotoxicosis is generally conservative (Werner, 1962). 
There has not been any report so far of both lesions 
being treated surgically on the same occasion. We 
report here a case of thyrotoxicosis and myasthenia 
gravis successfully treated by combined subtotal 
thyroidectomy and total thymectomy. 


Case report 

A 19-year-old female was admitted to Toa Payoh Hospital 
with bilateral ptosis, weakness of the limbs and fatigue of 1 
week’s duration. She also admitted having excessive sweating, 
loss of weight and progressive enlargement of the thyroid for 
a few months before admission. On examination, her thyroid 
was diffusely enlarged, three times the norm, but there was 
no bruit over the thyroid. The pulse rate was 120/min and 
there were tremors in her fingers. Her palms were warm and 
moist, 

investigations showed haemoglobin 11 g/dl, total white cell 
count 8500/mm*‘, blood urea 21 mg/dl, blood sugar 101 mg/dl, 
protein-bound iodine 12-2 me/di, tri-iodothyromine uptake 
138 per cent (normal 75-115 per cent), total thyroxine 14-4 
mg/d] (normal 3-7 mg/dl) and free thyroxine index 19-9 
(normal 2-25-8-05). Chest X-ray was within normal limits: 
X-rays of the thoracic inlet and the upper mediastinum 
showed a soft tissue shadow of the enlarged thyroid but no 
evidence of thymoma. An electromyogram was typical of 
myasthenia gravis. Her ptosis improved after intravenous 
infusion of 5 mg of Tensifon. 

Treatment was commenced with pyridostigmine 60 mg 6- 
hourly and carbimazole 15 mg 8-hourly. After a fortnight in 
hospital her myasthenia improved but she still had signs of 
thyrotoxicosis, Treatment was continued as an Outpatient. 

After 6 weeks of carbimazole therapy she was clinically 
euthyroid; the dose of carbimazole was reduced to 10 mg 8- 
hourly and continued. Six months later, she was readmitted 
in imminent myasthenic crisis with exacerbation of symptoms 
and signs of thyrotoxicosis in spite of regular medication. 
The pyridostigmine was increased to 60 mg 4-hourly and 
carbimazole to 20mg 8-hourly. Her myasthenia improved 
after 48 h of hospitalization. She became euthyroid after 4 
weeks. It was then decided to perform a combined subtotal 
thyroidectomy and total thymectomy. She was given Lugol’s 
iodine 0-6 ml three times a day for 2 weeks. The day before 
operation pyridostigmine was substituted by neostigmine 
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methyl sulphate 125mg subcutaneously 6-hourly with 
atrophine 0-6 mg intramuscular before each injection 
neostigmine. 

General anaesthesia was used with endotracheal intubation 
during the operation. A subtotal thyroidectomy was per- 
formed by the standard technique through a skin crease neck 
incision. At operation the thyroid was seen to be diffusely 
enlarged but not vascular. The thymus was exposed simul- 
taneously through a median sternotomy. The thymus was 
enlarged from the lower border of the thyroid gland to the 
diaphragm on both sides. There were only minimal adhesions 
and the thymectomy was performed with ease. Postoperatively, 
the endotracheal tube was changed to a nasotracheal tube 
and the patient was ventilated using a Bird’s respirator. 
Anticholine esterases were given in reduced amounts. She 
developed an aspiration pneumonia on the third day which 
responded to a course of intramuscular cephaloridine. She was 
gradually weaned off the respirator and extubated 2 weeks after 
the operation. Recovery was subsequently uneventful. 

When reviewed 9 months after operation the patient was in 
good health with well-healed scars (Fig. 4) and was euthyroid 
with no evidence of recurrent laryngeal nerve damage; her 
serum calcum was normal. Her myasthenia was well controlled 
on pyridostigmine 45 mg 6-hourly. 


Histology 

The thyroid (Fig. 1} consisted throughout of follicles of 
varying sizes, several of which showed cystic dilatation. Peri- 
pheral scalloping of colloid was seen in a few follicles. No 
lymphocytic infiltrate was present. The picture was consistent 
with treated thyrotoxicosis. 

The thymus weighed 80 g and was moderately infiltrated by 
fatty tissue. A few germinal follicles were seen ( Fig, 2). These 
germinal follicles were surrounded by a mantle of mature 
lymphocytes (Fig. 3). The presence of a few germinal centres 
in the thymus indicated a favourable prognosis (Genkins 
et al., 1975). 


Discussion 

The treatment of thyrotoxicosis associated with myas- 
thenia gravis is generally medical (Werner, 1962). Our 
patient had a large goitre and the chance of her relapse 
even after a prolonged course of medical treatment 
was high (McIntosh, 1976). It was also difficult to 
control her thyrotoxicosis as an outpatient and she 
thus had a relapse of her thyrotoxicosis and myas- 
thenia gravis in spite of regular medication. Once it 
was decided to treat both by surgery, the decision 
whether to perform both thyroidectomy and thym- 
ectomy at the same sitting or in two stages was not 
easy. The usual practice would have been to control 
the thyrotoxicosis medically, to carry out the thym- 
ectomy first and after full recovery to perform the 
thyroidectomy at a second stage. Our case illustrates 
how with modern anaesthesia and respiratory intensive 
care this one-stage operation can be undertaken 
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Fig. 2. Germinal follicles in the thymus. (HE. x 27.) 
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Fig. 3. Germinal follicles surrounded by a mantle of 
lymphocytes. (HE. x 54.) 
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safely. Removal of the thymus via a transcervical 
approach is well documented (Kark and Kirschner, 
1971). We feel that there are certain technical advan- 
tages in doing the two operations together. The upper 
limit of the thymus can be well defined and easily 
dissected through the neck incision. Should the 
patient need a tracheostomy postoperatively, it would 
be easier to perform this on a patient who has already 
had a subtotal thyroidectomy and the tracheal rings 





Fig. 4. Patient 9 months after operation. Note the 
well-healed scars of thyroidectomy and thymectomy. 


laid bare. On the other hand, tracheostomy is difficult 
to perform on a patient with a large goitre. We 
recommend the routine use of a nasotracheal tube 
during anaesthesia and postoperatively for ventilatory 
support. 
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Total hepatic ischaemia in the Rhesus monkey -> 
PAUL MCMASTER AND RICHARD MEDD* 


SUMMARY 

During operations for major hepatic trauma it may be 
necessary temporarily to deprive the liver of its blood 
supply by occlusion of the hepatic artery and portal 
vein. The maximum ‘safe period? of total hepatic 
ischaemia in man is unknown. 

In the monkey the ischaemic liver ‘leaks potassium, 
and levels of this element in the hepatic veins rise 
during ischaemia reaching a peak immediately after 
blood supply to the liver is restored. However, critical 
systemic levels of potassium are never reached and 
severe biochemical disturbance does not occur until 2 h 
following revascularization in animals having experi- 
enced ischaemic periods of longer than 20 min. 


IN recent years there has been a steady increase in the 
incidence of major hepatic trauma associated with 
high speed road traffic accidents (Morton et al. 1972). 
In severe injury massive haemorrhage may be 
encountered at operation and it may be necessary to 
occlude the blood supply to the liver in order to gain 
control of haemorrhage or to facilitate hepatic 
resection (Little, 1971). Since the technique of 
clamping the hepatic vessels was described (Pringle, 
1908), it has generally been considered that up to 
20 min of total hepatic ischaemia is safe (Raffucci, 
1953) but that beyond 30 min severe ischaemic damage 
of the liver will have occurred (Drapanas et al., 1955; 
Peacock et al., 1969). Nevertheless, patients have 
survived more prolonged periods of ischaemia and 
cases in which the portal vein and hepatic artery were 


_both clamped for as long as 78 min have been reported 


(Anastasia et al., 1967; Waltuck et al., 1970). Thus the 
maximum ‘safe period’ of time that the total blood 
supply to the liver in man may be interrupted at 
normal temperatures remains uncertain. 

Experimental studies have previously demonstrated 
that total occlusion of the afferent blood supply to 
the liver in animals is poorly tolerated because of 
the apparent susceptibility of the liver to anoxic 
damage (Bernhard et al, 1955; Jolly and Foster, 
1963; Backlund et al., 1965). In the dog, hepatic 
necrosis due to hypoxic damage has been considered 
to be responsible for death after only 20 min of 
total ischaemia (Raffucci and Wangensteen, 1951; 
Hyndman et al., 1957). Yet this susceptibility of the 
liver to normothermic ischaemic damage has recently 
been questioned, and quite marked extension of liver 
ischaemic times has been achieved in dogs with 
splanchnic decompression by portacaval shunting 
(Jolly and Foster, 1963; Mackenzie et al., 1975). 
Splanchnic decompression by portacaval shunting in 
man during surgery for severe hepatic injury is, how- 
ever, rarely feasible. 

Factors other than hepatic necrosis have been 
considered responsible for the high mortality following 
complete hepatic ischaemia. These have included 
endotoxic shock (Battersby et al., 1971), hypovolaemia 
(Brunschwig, 1955), hepatic outflow block syndrome 
(Starzl et al., 1960) and the release of vasoactive sub- 
stances (Joseph et al., 1968). In acute liver damage 


potassium is released from hypoxic liver cells (Stewart 
et al., 1953) and high values have been recorded 
during total hepatic ischaemia (Backlund et al., 1965). 
Severe cardiac arrhythmias due to hyperkalaentia 
during total hepatic ischaemia have also been observed 
in the dog (Hall, 1972). 

However, the dog has disadvantages as a model for 
hepatic ischaemia which make interpretation of such 
results difficult. The problem of hepatic congestion 
and outflow block syndrome (Starzl et al., 1960) and 
the liver’s susceptibility to endogenous bacterial 
colonization leading to infection and endotoxic shock 
are well known (Ford, 1900; Battersby et al., 1971). 

In order to overcome some of these difficulties the 
Rhesus monkey was used in the present study which 
was undertaken to clarify the potassium changes 
occurring during total hepatic ischaemia without 
portal decompression. An assessment was made of the 
maximum ‘safe period’ for total normothermic hepatic 
ischaemia in the monkey. 


Materials and methods 
Six female Rhesus monkeys (Macaca mulatta) weighing from 
35 to Skg were used during this study. Anaesthesia was 
induced with intravenous thiopentone and maintained by an 
oxygen/halothane mixture. 

A cannula was mtroduced into the right side of the heart via 
the internal jugular vein and advanced into the pulmonary 
artery. The femoral vein was exposed and a second cannula was 
fed up into the inferior vena cava. A 5 per cent dextrose 
infusion was commenced in one of the upper limbs. 

An upper midline incision was made and the liver was 
exposed. The structures in the free edge of the lesser omentum 
were identified and completely freed of the surrounding tissues. 
The hepatic artery was cleared as far as the gastroduodenal 
branch and the portal vein as far as its coronary tributory. The 
common bile duct was exposed along its supraduodenal 
segment, and all associated lymphatics and nerves in the porta 
hepatis were divided. 

The liver was then completely skeletonized with division of 
the left triangular ligament permitting complete mobilization 
of the left lobe. All branches of the left gastric artery running to . 
the left lobe were divided and in 2 animals a major branch 
of the left lobe was discovered. The infrahepatic inferior vena 
cava was then exposed, acting as a guide for the division of the 
peritoneal attachments to the right lobe, and the right tri- 
angular ligament was divided. The whole right lobe was 
mobilized until the retrohepatic cava was exposed and the 
right phrenic veins identified. The falciform ligament was 
divided and the dissection above the liver exposed the supra- 
hepatic inferior vena cava. The cannula within the inferior 
vena cava was then advanced further and introduced into the 
opening of the middle hepatic vein. 

A small cannula was introduced into the coronary branch 
and advanced into the portal vein. Thus skeletonized, the liver 
remained attached only by its major vessels and the common 
bile duct. 

In order to allow continuous monitoring of pulse and blood 
pressure an aortic cannula was introduced via the right femoral 
artery and continuous ECG recordings were made. 


*P. McMaster, University of Cambridge, Department of 
Surgery, Addenbrooke's Hospital; R. Medd, Department of 
Experimental Surgery. Huntingdon Research Centre. 

Correspondence to: P. McMaster. . 


820 Paul McMaster and Richard Medd 


Table I: SERUM POTASSIUM LEVELS IN ALL 
ANIMALS DURING AND FOLLOWING TOTAL 
HEPATIC ISCHAEMIA 


Hepatic Portal Pulmonary 
vein vein artery 

Before occlusion 4:3+0-°5 3:9+0-7 4:0+0°8 
After 15 min 5-6 +.0-6 4:1+0-7 4-3+0°3 
e .ischaemia 

Immediately before 6:2+0-8*** 4-1+0°8 4-1+0°8 

release of clamp 

20s after release 7:-4+0-6** 3:9 +0-6 4-1404 
40 s after release 5-6+0-7*** 4:1+0-4 4:5+0°6 
@ s after release 4-7+0°5 4:0+0-7 4-2+0°5 
2 min after release 4:2+0°5 4:1+0°5 4:0+0°6 
10 min after release 4:1+0-6 4-0 + 0-6 4-1 +08 


All values are in mmol/l + s.d. 
** P= <0-01; *** P= <0-001. 


Table Il: SYSTEMIC SERUM POTASSIUM, pH AND 
BLOOD SUGAR IN THE 3 ANIMALS SUBJECTED 
TO 20 MIN ISCHAEMIA (‘SAFE PERIOD’) 


Serum K pH Blood sugar 
Preocclusion 3940-7 7°32+0-06 5°3+0-4 
Immediately before 4:1+0°8 7°34-4.0-04 5:2+0°5 
release of clamp 
20 s after release 4:2+0-°6 7-21+0-09 5:3+0:4 
10 min after release 4:0+-0-6 7-31+0°5 4:8+0-6 
2 h after release 4-1+0-4 7:°35+0°7 5-0+ 0:4 
4h after release 4:0 0-6 7:32+0°3 4:7+0-5 
6 h after release 3-8+0-7 7:34+0-4 4:9+0-3 


Serum potassium and blood sugar values are in mmol/l. 
All values are +s.d. 


Table Ill: SYSTEMIC SERUM POTASSIUM, pH AND 
BLOOD SUGAR LEVELS IN THE 3 ANIMALS 
SUBJECTED TO 25, 35 AND 45 MIN ISCHAEMIA 


Serum K pH Blood sugar 
Preocclusion 4:0+0-3 7-33+0-05 5:3+0:3 
Immediately before 4:1+0°8 7:33 +0-06 5:2404 
release of clamp 
20 s after release 4:0+0-7 7-21 +0-09 5:2+0:3 
10 min after release 4:1+0°5 7:29 +0-08 5:5+0:°5 
2 h after release 4:2+0-6 7:21+0-09* 4:1+0-7T 
4h after release 4:6+0°6 7:16+0:11* 2°6+1:2 
6 h after release 3-9+0°5 6:95 +0-18* 4-2+1-0t 
8 h after release 4:1+0-6 7:02+0-16* 2:6+1-0F 


Serum potassium and blood sugar values are in mmol/l. 
All values are +s.d. 

* Animals given 8-4 per cent sodium bicarbonate i.v. 

+ Animals given 10 per cent glucose i.v. 


Resting blood samples were taken from each animal before 
clamping of the liver blood supply. The portal vein and hepatic 
artery were occluded with an arterial clamp and the common 
bile duct closed with a bulldog clip. Detailed inspection of the 
liver confirmed the rapid change in colour throughout all areas. 

In 3 of the monkeys complete ischaemia was produced for 
20 min without portal decompression, this being the maximum 
accepted ‘safe period’. In 3 other monkeys ischaemia was 
produced for 25, 35 and 45 min respectively. At the end of the 
period of ischaemia the hepatic clamps were removed and the 
common bile duct bulldog clip released. Serial blood samples 
were then taken at 20-s intervals for the next 2 min and then 
again at 10 min. After release of the clamps the liver immedi- 
ately returned to its normal colour and the animals were 
allowed to recover from the anaesthetic. 

Assessment of potassium levels was made using the 
Technicon SMA6 autoanalyser incorporating a flame photo- 
meter and blood sugar values estimated on a standard auto- 
analyser. Serum pH and blood~gas analysis was also performed 
ọn a standard clinical blood—gas analyser. ` 





Fig. 1. Histological appearances in the liver of a monkey 
that died 12 h after 35 min hepatic ischaemia. There is 
cellular damage with varying degrees of hydropic 
degeneration and pyknotic nuclei. ( x 680.) 


Results 

Table I shows the serum potassium levels recorded 
during and following ischaemia in all the animals 
studied. Blood samples from the hepatic vein showed 
a rise in serum potassium during ischaemia which 
reached a peak after restoration of the hepatic blood 
supply (7-4 + 0-6 compared with the preocclusion level 
of 4:3+0°5; P= <0-001). The potassium levels fell 
progressively over the next 60 s as the liver was washed 
out and by 1 min levels had returned to the pre- 
occlusion values. Even when potassium levels were 
at a peak in the hepatic vein following release of the 
clamps, the pulmonary artery potassium values re- 
mained unchanged and at no time were there ventri- 
cular ectopics or arrhythmias, nor were changes in the 
portal vein potassium levels observed. 

The 3 animals exposed to 20 min of total hepatic 
ischaemia regained consciousness immediately and 
showed no ill effects from the operation. The cannulas 
were removed and every 2 h over the next 6 h arterial 
blood was taken by direct puncture of the femoral 
artery (Table II). 

The 3 remaining animals, subjected to periods of 
ischaemia of 25, 35 and 45 min, initially recovered 
from the anaesthetic but within 2h their condition 
began to deteriorate. Observations were continued 
until death and arterial blood samples were taken at 
hourly intervals (Table III). 

After 2 h a progressive metabolic acidosis developed 
which was corrected only by increasing amounts of 
sodium bicarbonate. Blood sugar levels fell at 2 h and 
then again progressively. In spite of attempts to 
correct the hypoglycaemia with intravenous infusions 
of glucose the levels continued to fall and by 6ha 
continuous intravenous infusion of 10 per cent 
glucose was required to prevent profound hypo- 
glycaemia. All 3 animals were stuporose within 4h 
of total hepatic ischaemia and the animals died at 8, 
9 and 12h respectively. In all 3 animals the systemic 
potassium levels were unchanged until death. 

Immediately after death post-mortem examinafions 
were performed. All hepatic arteries and portal 
veins were patent and none contained thrombi. The 
livers were dark and swollen and histologically showed 
extensive areas of hepatic damage—Fig. 1 shows one 
such area with cellular necrosis with pyknotic nuclei 
and clear cellular cytoplasm—in contrast to the 3 


surviving animals sacrificed at 14 days whose livers 
showed normal histological architecture. 


Di&Scussion : 

Deliberate ligation of the hepatic artery alone during 
surgery for hepatic trauma has been well tolerated 
(Mays, 1971), but the high metabolic rate of the liver 
renders it vulnerable to complete vascular isolation 
(Van Wyk et al., 1965). Hypoxia of the liver at normal 
temperatures alters ATP metabolism (Abouna, 1968), 
interfering with the normal sodium potassium 
membrane pump, and hypoxic liver cells leak 
potassium (Bengmark et al., 1969). In this model of 
hepatic ischaemia in the monkey the hypoxic liver cells 
clearly leaked potassium but the amounts entering the 
inferior vena cava were insufficient to alter the systemic 
levels even during the phase of washout after 
ischaemia. There was no difference in the biochemical 
observations between the animals subjected to 20 min 
ischaemia and those subjected to longer periods until 
at least 2 h after release of the hepatic clamps, and 
even then potassium levels remained relatively stable. 
Clearly the Rhesus monkey subjected to total hepatic 
ischaemia without splanchnic decompression by 
portacaval shunting tolerates periods of ischaemia of 
longer than 20 min badly, and at death there was 
evidence of significant hepatic necrosis. It is not known 
at present whether portacaval decompression could 
prolong this time interval in the monkey. While 
systemic hyperkalaemia was not observed during total 
ischaemia in the monkey, it should of course be 
remembered that during severe hepatic trauma in man 
tissue perfusion may already have been compromised 
by hypotension or shock even before the commence- 
ment of hepatic vessel clamping, and this may increase 
the effects of ischaemia and cause hypoxic liver 
damage. 

Total hepatic ischaemia without splanchnic decom- 
pression in the monkey produces severe hepatic 
changes after only 25min ischaemia at normal 
temperatures, and judgement must therefore as yet 
remain reserved about increasing the ‘safe period’ for 
complete hepatic ischaemia. If more prolonged periods 
of ischaemia are required during surgery for hepatic 
trauma, significant hypothermia may be produced by 
intraperiotoneal cooling and this may minimize the 
damage (Little, 1971). 
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The Summer Meeting of the Surgical Research Society was held at Manchester Royal Infirmary on 7 and 8 July 
1977 with Professor G. W. Taylor (President of the Surgical Research Society) in the chair. The following 


papers were presented. 


LA iymphoscintigraphic study of benign and malignant breast 
ifsease 

Tc. AGWUNOBI and J. L. BOAK, Department of Surgery, Royal 
Postgraduate Medical School, London 

‘bechnetium-labelled sulphur colloid (PTSC) has been used 
clinically as a tracer material for tumour and organ localization 
studies (Harper et al., 1965; Fairbanks et al., 1972). Preliminary 
animal experiments in our laboratory suggested valuable 
clinical information might be obtained if °’Tc™SC was used to 
study functional activity of regional lymph nodes in patients 
with breast symptoms. 

Around each areolar area 1 ml *Tc!!’SC was injected. Two 
hours later gamma camera scanning of each breast and axillary 
area was performed and a subsequent comparison made 
between the two scans. The clinical diagnosis was confirmed 
by histological examination of the biopsied tissues. 

The preliminary results of this continuing study are: 


Scan 
No. or + — 
Malignant disease 12 10 2 0 


Benign disease 10 J 0 9 


Only 2 patients with malignant disease had equivocal scans 
and | patient with benign disease had a false positive scan. The 
results indicate that this method may form the preoperative 
basis for establishing whether (a) an occult malignant lesion is 
present in the breast; (b) a clinically detectable lesion is malig- 
nant; and {c} axillary lymph nodes are involved by metastatic 
tumour. 


FAIRBANKS VY. F., TAUXE W. N., KIELY J. M. et al. (1972) Scinti- 
graphic visualization of abdominal lymph nodes with 
"TT ¢-nertechnetate-labelled sulfur colloid. J. Nucl. Med. 
13, 185-190. 

HARPER P. V., LATHROP K. A., JIMINEZ F, et al. (1965) Tech- 
netium 99m as a scanning agent. Radiology 85, 101-108. 


2. The interpretation of radioisotope bone scans: a comparative 
study with radiography and computed tomography 
J. J. K. BEST, N. M. ADAM and I. ISHERWOOD (R. A. SELLWOOD), 


Department of Diagnostic Radiology and Surgery, University of 


Manchester, and the University Hospital of South Manchester 


It has been suggested that the initial investigation of patients 
with suspected metastatic involvement of the skeleton should 
be a radioisotope bone scan (Merrick, 1973; Citrin, 1977). 
Focal abnormalities on the scan may be associated with 
radiologically evident benign disease and the bone scans 
should be interpreted with the corresponding radiographs 
available (Galasko and Doyle, 1972). 

We report here a comparative study of bone scans, radio- 
graphs and computed tomographic (CT) scanning in 25 
patients with cancer of the breast. All the bone scans had 
focally increased uptake in the axial skeleton and were 
assessed with the corresponding radiographs: CT scans were 
made of the regions of focally increased uptake. 

Of 8 patients with solitary bone scan abnormalities, 2 were 
shown on CT scans to have lytic and sclerotic lesions when the 
conventional radiographs showed only osteophytes and 
degenerative joint disease and in | patient CT scans demon- 
strated degenerative disease of a costovertebral joint not shown 
on the radiographs. In 2 patients with multifocal abnor- 
malities in the lumbar spine which could be accounted for by 
benign disease as shown on the CT scans, radiography could 
explain only one lesion. In the remaining patients there was 
agreement between the three methods. The results confirm the 
importance of excluding benign causes for bone scan abnor- 
Jnalities. . 


CITRIN D. L. (1977) A comparison of the sensitivity and accuracy 
of the *™Tc-phosphate bone scan and skeletal radiograph 
in the diagnosis of bone metastases. Clin. Radiol. 28, 107- 
117. 

GALASKO C. 8. and DOYLE F. H. (1972) The detection of skeletal 
metastases from mammary cancer. A regional comparison 
between radiology and scintigraphy. Clin. Radiol. 28, 
295-297. 

MERRICK M. V. (1973) Bone scan or skeletal survey? Lance? 2, 
382. l 


3. Non-invasive diagnosis of renal space occupying lesions 

P. H. O'REILLY, R. A. SHIELD, H. J. TESTA and E. CHARLTON 
EDWARDS (L E. GILLESPIE), Departments of Urology, Nuclear 
Medicine and Medical Physics, Royal Infirmary, Manchester 


Intravenous urography will demonstrate the majority of renal 
space occupying lesions but will not always distinguish 
between cysts and tumours. More invasive tests such as selec- 
tive renal arteriography are required to confirm the diagnosis. 
A study to assess the value of non-invasive radioisotope renal 
scanning in this situation is presented here. 

Sixty patients with intravenous urographic evidence of a 
space occupying lesion were investigated. Subsequent diagno- 
sis was established either by arteriography or by surgical 
operation. 

The scans were performed using Tc™-labelled DTPA or 
gluconate injected intravenously and a gamma camera on line 
to a digital computer system. This system allows the production 
of a dynamic vascular study (isotope angiogram) followed by 
static parenchymal pictures. 

Using this method 17 of 21 hypernephromas were accurately 
diagnosed. Of the remainder, 3 were terminal cases with non- 
functioning kidneys and | was judged to be cystic on intra- 
venous urogram, scan and arteriogram appearances. The 
technique was less helpful in other forms of renal tumour, but 
accurately diagnosed 3 cases of pseudotumour. Twenty-six of 
27 renal cysts were correctly diagnosed by the procedure. 

isotope scanning is simple, rapid, non-invasive and non- 
toxic. It is recommended in renal space occupying disease 
before proceeding to more invasive investigations. 


4, An objective analysis of the noise background to surgical care 
$. BENTLEY, F. MURPHY and H. A. F. DUDLEY, Academic Surgical 
Unit, St Mary's Hospital, London 


Previous studies by questionnaire have shown that noise is 
frequently reported by patients as a problem that adds to their 
discomfort during the course of a surgical illness. Our present 
investigation was undertaken to quantify noise levels and their 
sources in order to assess whether there was any objective 
basis for complaint and to seek remedial measures. Continuous 
noise Measurements over 24h were made on open surgical 
wards of a Florence Nightingale pattern, in cubicles attached 
to such wards and in the intensive care unit. Standard Brunel 
and Kjaer noise recording equipment, as used for industrial 
and environmental recording, was employed throughout; the 
microphone collecting position was I-1-5m above the bed- 
head. 

The wards and intensive care unit are noise-polluted areas, 
as judged by the International Proposal for Noise Assessment, 
throughout both the day and night. Loud noises greater than 
70 dB(A) were present every 5 min between 06.00 and 24.00 
on the wards and every 2 min during the day in the intensive 
care unit. At night in the intensive care unit noises of this level 
occurred only every 10 min. 

The majority of loud noises emanate from the staff and this 
source could be eradicated by better education rather than 
expensive design changes. 


5. The service workload produced by breast cancer screening 
W. D. GEORGE and R. A. SELLWOOD, Department of Surgery, 
University Hospital of South Manchester 


TRe feasibility of providing a national breast screening service 
run by non-medical staff (nurses and radiographers) will 
depend in part on the amount of additional service work 
generated by such a programme. The size of this additional! 
workload was evaluated in a screening clinic staffed by both 
medical and non-medical personnel. 

The non-medical staff recorded the presence of a significant 
local abnormality which required biopsy in 176 (8-4 per cent) 
of 2113 women over the age of 40 invited to attend for screening 
and in 63 (8-1 per cent) of 842 asymptomatic women over 40 
who referred themselves for examination. Of these, the 
medical staff confirmed that a biopsy was indicated in 50 
(2-4 per cent) of the invited women and in 23 (2-7 per cent) of 
the self-referred women. 

The benign biopsy rate and the incidence of false positive 
findings were related inversely to age. 

When women were recalled for annual re-examination the 
incidence of false positive findings fell by nearly one-third 
and the biopsy rate was halved. 

These findings suggest that 36 false positive referrals and 14 
biopsies would result per week in the first year of a screening 
programme for one health district (population 200 000). Over 
40 per cent of this workload would relate to women aged 
40-49. In subsequent years the rate of false positive referrals 
and of biopsy would fall. 


6. A prospective randomized trial of vagotomy in uncomplicated 
duodenal ulceration 

D. G. OSTICK and C. G., KOFFMAN (P. F. scHOFIELD for the 
Manchester Ulcer Trial Group), Departments of Medicine and 
Surgery, Manchester Royal Infirmary, Park Hospital, Man- 


chester, North Manchester Hospital and University Hospital of 


South Manchester 


Patients undergoing surgery for uncomplicated duodenal 
ulceration (DU) in four Manchester Hospitals (two district 
general hospitals and two teaching hospitals) were randomly 
allocated into two treatment groups—truncal vagotomy and 
pyloroplasty (TVP) or highly selective vagotomy (HSV). 

In all, 153 patients (124 male and 29 female) were entered 
into the trial; 76 were allocated to TVP and 77 patients to 
HSV. Preoperative and early postoperative data were recorded 
by the surgeon. Late follow-up data were recorded by an 
independent physician who was unaware of the operation 
performed. All data were analysed by computer. 

There was no significant difference when early postoperative 
complications were compared (e.g. chest infection, wound 
complications and hospital stay). There was no operative 
mortality. 

A total of 149 patients (97-4 per cent) has been followed up 
for between 1 and 4 years (mean 24 years). The incidence of 
Suspected and proved recurrent ulceration was higher in the 
HSV group (9 of 75 patients) than in the TVP group (3 of 74 
patients), but postoperative diarrhoea was less, though this 
was not statistically significant. Patients were graded according 
to the modified Visick scale by one physician and the results 
were similar: 


Visick grade TYP HSV 


Good I 63 (85-1%) 61 (81-425) 
Ji 

Poor iH 11 (14-98%) 14 (18-62%) 
IV 


“etree aiir ier amaa aa N anane aae 


AS a routine operation for uncomplicated DU this trial does 
not establish a clear superiority for either operation. 


7. Atid and endocrine responses to meals varying in pH in 
normal and duodenal ulcer subjects 

J. C. THOMPSON and J. S. SWIERCZEK (1. E. GILLESPIE), Department 
of Surgery, University of Texas Medical Branch, Galveston, 
Texas 


The mechanisms responsible for the development of duodenal 
ulcer (DU) are not fully known: recent studies suggest that 
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duodenal ulcers may be due to increased drive to secrete acid 
and to decreased effectiveness of feedback inhibition of acid 
output. This study was designed to compare gastric acid, 
gastrin, gastric inhibitory peptide (GIP) and secretin responses 
to meals varying in pH in normal subjects and duodenal ulcer 
patients. 

Twelve healthy controls and 10 DU subjects were studied. 
Acid secretion was measured by an intragastric titration method 
which allowed actual measurement of acid response to food 
within the stomach. A 10 per cent amino acid mea! adjusted to 
various pH levels (7-1-5) was used as the stimulus. Pylofic 
loss of amino acid meal was measured with a polyethylgne 
glycol marker. Blood samples were collected at each pH level 
for radioimmunoassay of gastrin, GIP and secretin. à 

Gastrin and gastric acid responses to the amino acid meal 
were significantly greater in duodenal ulcer patients than in 
normal subjects. In DU patients, acid response to the amino 
acid meal at pH 7 or 55 reached 82 per cent of Histalog 
maximum. Decreasing the pH of the meal resulted in a step- 
wise reduction in both acid secretion and gastrin in normal and 
DU patients. At pH 1-5 acid inhibition was complete, but 
gastrin inhibition was partial. Plasma GIP paralleled gastrin 
levels, reaching the highest level at pH 7 in all individuals. 
Secretin increased significantly at pH 1-5, reaching the highest 
levels in normal subjects. The percentage of the amino acid 
meal remaining in the stomach was constant at all pH levels 
except pH 1-5, when it increased from 80 to 95 per cent of the 
original volume. 

We conclude that gastric acid and gastrin release are pH- 
dependent in normal and duodenal ulcer subjects. Inhibition of 
gastric secretion by acidified meals is associated with a pH- 
dependent suppression of gastrin and GIP levels and elevation 
of plasma secretin. This study confirms increased acid and 
gastrin responses in DU patients, but shows no evidence of 
defective feedback inhibition of gastric secretion and gastrin 
release. 


8. The rapid pullthrough technique for measuring lower 
oesophageal sphincter pressure: an assessment of its repro- 
ducibility 

R. J. R. GOODALL, D. J. HAY and J. G. TEMPLE, Department of 
Surgery, Hope Hospital (University of Manchester School of 
Medicine), Salford 

The rapid pullthrough technique (RPT) is claimed to produce 
a more accurate and reproducible estimation of lower 
oesophageal sphincter pressure than the station pullthrough 
(SPT) because it eliminates artefacts due to swallowing and 
respiration (Dodds et al., 1975). 

RPT was performed on three separate occasions in 16 
fasting normal subjects, twice one day and once 7 days later. 
A single lumen, water-perfused, open-ended catheter was 
passed through a 25-cm oropharyngeal tube into the gastric 
lumen. Ten withdrawals at a constant rate were performed 
successively through the lower oesophageal sphincter, with 
respiration suspended. 

The mean lower oesophageal sphincter pressure was 
12-03 mm Hg-:s.d. 3-66. There was no significant variation 
between pressure measurement of successive withdrawals. 
However, RPT did not give reproducible results when measured 
on either the same day (r = 0-44) or different days (r = 0-43), 
Furthermore, although RPT does permit measurement of 
sphincter length, the position of the sphincter in relation to the 
diaphragm cannot be determined. 

In a further 17 fasting subjects, RPT and SPT were per- 
formed consecutively, but in random order. There was no 
correlation between the lower oesophageal sphincter pressure 
recorded by these two techniques (r = 0-37). 

We conclude that RPT is not a reproducible technique, 
does not indicate the position of the lower oesophageal 
sphincter and does not correlate with the results obtained by 
SPT. The results of RPT in lower oesophageal manometry 
should be interpreted with caution at present. 


DODDS W. J, HOGAN W. J., STEF J. J. et al. (1975) A rapid 
pullthrough technique for measuring lower esophageal 
sphincter pressure. Gastroenterology 68, 437-443, 
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9. Lower oesophageal sphincter pressure in patients with 
symptomatic gastro-oesephageal reflux 
M. G. GREANEY, D. K. CHATTOPADHYAY and T. T. IRVIN, University 


Surgical Unity Royal Infirmary, Sheffield 


It is alleged that incompetence of the lower oesophageal 
sphincter is an important factor in the pathogenesis of sympto- 
matic gastro-oesophageal reflux, but manometric measure- 
ments of lower oesophageal sphincter pressure have failed to 
demonstrate any significant difference between symptomatic 
pgtients and healthy subjects (Behar et al., 1976). However, 
these observations were based on station pullthrough methods 
oftoesophageal manometry and it has been shown that these 
methods yield highly variable measurements of lower oeso- 
phageal sphincter pressure., Accurate measurements are 
achieved with the new rapid pullthrough (RPT) technique of 
manometry (Dodds et al., 1975). 

RPT measurements of lower oesophageal sphincter pressure 
were performed in 20 asymptomatic subjects (group 1) and 
in 20 patients with symptoms of gastro-oesophageal reflux 
(group 2). The two groups were matched for age and sex. 
Three RPT measurements were performed in each subject. 
Lower oesophageal sphincter pressure measurements in indi- 
vidual subjects were reproducible within the period of the 


There was no significant difference in mean (-:s.e. mean) 
lower oesophageal sphincter pressure measurements between 
the two groups (34:3+-1-8cem H,O in group 1 and 32-14 
2-3. cm H,O in group 2). 

The results suggest that lower oesophageal sphincter pressure 
is not a significant factor in the pathogenesis of symptomatic 
gastro-oesophageal reflux. 


BEHAR J., BIANCANI P. and SHEAHAN D. G. (1976) Evaluation of 
oesophageal tests in the diagnosis of reflux oesophagitis. 
Gastroenterology 71, 9—15. 

DODDS W. J, HOGAN W. J., STEF J. 3. et al. (1975) A rapid 
pulithrough technique for measuring lower esophageal 
sphincter pressure. Gastroenterology 68, 437-443. 


10. Experimental dumping: mesenteric blood flow, fluid 
exchange and hormone releases in relation to hyperglycaemia 
w. G. HUMPHREYS, K. D. BUCHANAN, A. H. C. LOVE and T. G. 
PARKS, Departments of Surgery and Medicine, Queen's 
University, Belfast 


The mechanism of the cardiovascular and intestinal changes 
in the dumping syndrome may be due to abnormal secretion 
of hormones or to the rapid accumulation of the products of 
absorption. In order to assess these factors an ia situ total 
small bowel perfusion model was set up. 

During steady state perfusion in each of two groups (n = 5) 
of anaesthetized dogs the glycaemic stimulus was delivered 
either into the jejunum or directly into the mesenteric circula- 
tion. Total intestinal blood flow was measured electro- 
magnetically in the mesenteric artery. Heart rate, blood 
pressure and portal venous pressure were continuously 
recorded. Serial peripheral venous samples were taken for 
blood sugar, insulin, gastrin and glucagon-like immuno- 
reactivity (GLI) estimation, the plasma hormone concentration 
being determined by radioimmunoassay. 

Intrajejunal glucose instillation was associated with prompt 
increase in fluid recovery from the gut (P<0-05), with a con- 
comitant increase in mesenteric blood flow and a fall in 
mesenteric regional resistance (P<.0-05). The pattern of GLI 
releases accurately followed the mesenteric blood flow changes. 

Intra-arterial injection of glucose had no effect on intestinal 
secretion of GLI release, though there was an increase in 
mesenteric blood flow (P<0-05) with a fall in mesenteric 
regional resistance. 

It is suggested that the cardiovascular and intestinal changes 
seen in dumping are not solely related to hyperglycaemia but 
may be associated with the endogenous release of GLI. 


11. Comparison of gastric mucosal blood flow (GMBPF) in 
normal subjects and patients with duodeal ulcer 

S. E. KNIGHT, R. Le MCISAAC and L. P. FIELDING, Department of 
Physiology and Academic Surgical Unit, St Mary's Hospital 
Medical School, London . 


The relative importance of increased cellular response to 
stimulation and of changes in mucosal blood flow in the 
hypersecretion of duodenal ulcer subjects has not been studied 
in man because all the previously available markers for GMBF 
measurement are toxic. Neutral rèd is’ not toxic; Knight and 
Mclsaac (1977) have shown that in the dog its clearance from 
blood to gastric juice gives comparable results to established 
markers-~-antline and amidopyrine. We report results in 8 
volunteers and 8 DU patients using neutral red to measure 
GMBF. 

After nasogastric intubation each subject received neutral 
red (250 ug kg-th~4) by constant intravenous infusion. 
Gastric juice (15 aliquots) and blood (30 samples) were 
collected. After three basal samples, pentagastrin (6 ug ke~! 
h-?) was infused intravenously for 2h. Neutral red was 
extracted using ether as a non-polar solvent and estimated 
photospectrometrically at 540 nm. 

During pentagastrin stimulation there is a large, significant 
difference in the ratios of GMBF : acid output and GMBE : 
volume of secretion between normal and DU patients. 


Basal Stimulated 

GMBF : acid output 

Normal subjects 0:44 -+006 0-154 --0-057 

DU patients 0:38 = 0-4 0-084 = 0-042 

P n.s. <0-001 
GMBE : acid volume 

Normal subjects 13-3 -4+4-62 18-86.4-7 

DU patients 10:64-27 11-84 +-3-45 

P ns oO 


Means-s.d. are shown. Significance test by analysis of 


covariance. 


We conclude that acid secretion js greater per unit of 
GMBF in duodenal ulcer patients; this indicates that the 
responsivity of the acid secretory mechanism is of greater 
importance than is GMBF in the genesis of hypersecretion. 


KNIGHT S. E. and MCISAAC R. L. (1977) Neutral red as an esti- 
mator of gastric mucosal blood flow in dogs. J. Physiol. 
(In the press.) 


12. Humoral inhibition of antral absorption of glucose and 
sITe 

J. B. ELDER and J. LOMAS, University Department of Surgery, 
Royal Infirmary, Manchester 


Recent studies in rabbits (Newman and Elder, 1976) suggested 
that alkalinization of the fundus of the stomach affected antral 
absorption by a humoral mechanism. Three dogs were pre- 
pared with denervated antral pouches and pouches of the 
fundic gland area autotransplanted to the submammary region 
without vascular, nervous or lymphatic connection to the 
alimentary tract. Each of these fundic transplanted pouches 
secreted acid during meals and also produced acid to exogenous 
pentagastrin stimulation. 

When 30 ml of 25 per cent glucose solution was placed in the 
denervated antral pouch and 30 ml of 0-9 Mm NaCl (pH 5-6) in 
the fundic transplanted pouch venous blood glucose concen- 
trations increased above basal levels to a plateau of 3-4 mmol/l 
after 75 min (P<.0-02), remaining steady for the succeeding 
hour. However, with 30 mi Michaelis buffer (pH 8) in the 
fundic transplanted pouch, blood glucose levels did not 
increase significantly above basal and were significantly 
lower than those observed in the control experiments (P << 0-05). 
Repeat experiments using the tracer ion “Tc in the denervated 
antral pouch resulted in reductions in uptake of tracer when 
the fundie transplanted pouch contained buffer at pH 8. 

These results suggest that a humoral factor, which is released 
from the fundic gland area at an alkaline pH, affects absorption 
of glucose and the negatively charged tracer ion **Tc from the 
antral mucosa. 

NEWMAN B. M. and ELDER J. B. (1976) Evidence for the existence 


of a fundic humoral factor affecting antral permeability. 
Br. J. Surg. 63, 657. 


13. Confirmation of the sodium formula for gastric reflux by 
direct measurement using radioactive °"CoB,, 

M. E. DENYER, P. K. JENA, P. B. COTTON and M. HOBSLEY, Depart- 
nent of Surgical Studies and Gastro-intestinal Investigation 
Unit, Middlesex Hospttal, London 


The use of the sodium formula as a method of measuring 
duodenogastric reflux was first proposed by Hobsley in 1974. 
This was later elaborated and its validity confirmed by indirect 
measurement of reflux (Faber et aL, 1974; Fiddian-Green 
et al., 1974). We present here further confirmatory evidence 
using direct measurement. 

Pancreatic function tests were performed in 8 normal 
subjects and 7 patients with pancreatic disease using a two- 
tube technique for separate collection of gastric and duodenal 
juice. Phenol red infused into the stomach was used to measure 
gastric juice recovery and gastroduodenal! loss and vitamin B,, 
labelled with 5Co was infused into the duodenum to measure 
duodenal juice recovery and duodenogastric reflux. In all, 
140 10-min samples were analysed. Duodenogastric reflux 
volumes were calculated using both the sodium formula 
(Na Vp) and direct B, (Bis hg) measurements. The results 
were compared in two ways: (a) by means of Spearman’s 
rank sum correlation coefficient (r,) and (b) using the Wilcoxon 
test for paired data. A highly significant overall correlation 
was found between Na Vp and B, Vp, ra= 0307, P= 
«0-001. Using the Wilcoxon test there was no difference 
between the two values (P= >0-1). These results confirm by 
means of a direct measurement, the validity of the indirect 
sodium formula for calculating the quantity of duodenai 
reflux in aspirated gastric juice. 


FABER R. G., RUSSELL R. C. G., ROYSTON C. M. S. et al. (1974) 
Duodenal reflux during insulin-stimulated secretion. 
Gut 15, 880-884. 

FIDDIAN-GREEN R. G., WHITFIELD P., RUSSELL R. C. G. et al. (1974) 
Indocyanine green as a marker of duodenal reflux in 
aspirated gastric juice. Br. J. Surg. 61, 323-324. 

HOBSLEY M. (1974) Pyloric reflux: a modification of the two- 
component hypothesis of gastric secretion. Clin. Sci. 47, 
131-141. 


14, Comparison of the sensitivity of duodenal ulcer patients 
and normal subjects to stimulation of acid secretion by 
pentagastrin 

C. G. KOFFMAN and J. B. ELDER, University Department of 
Surgery, Royal Infirmary, Manchester 


In duodenal ulcer (DU) patients evidence for enhanced 
sensitivity of the parietal cells to stimulation by pentagastrin 
(Pg) is controversial (Wormsley and Mahoney, 1967; Isenberg 
et al., 1975). 

Two groups were studied: (a) 19 male preoperative DU 
patients with a mean MAO to 6 pug/kg pentagastrin of 
394-29 se. mean and (6) 10 healthy normal subjects with 
comparable mean MAO to pentagastrin of 35-2-.3-8. In both 
groups the effects of graded doses of Pg (8-64 ng kg hm Lv.) 
were measured and the acid outputs (mmol/h- s.e. mean) 
from these studies were expressed as a percentage of the 
MAO in each individual. The following comparisons were 
made: 





DU Normal subjects 
Basal 18-6+2-2* 8-8 2-4 
Dose of Pg (ng kgh) 
g 18-3--2°6 19-95-37 
16 2244-36 220444 
32 323-38 30-3 + 4-2 
* P< 0-05, 


The mean basal acid scretion expressed either as an absolute 
rate or as percentage of the MAO was greater in DU subjects 
than in the controls, but each dose of Pg produced closely 
similar mean acid responses normalized for MAO in both 
groups. 

The results indicate that DU subjects with an MAO com- 
parable to normal subjects secrete more basal acid but do not 


66 


A + ee 


Surgical Research Society «+ 825 


appear to be more sensitive to stimulation by small doses of 
Pg. These conclusions are at variance with those of Isenberg 
et al. (1975) who found DU patients to be more sensitive to Pg 
than normal subjects but their groups had signifieant differences | 
in their parietal cell masses. 


ISENBERG J. L, GROSSMAN M. L, MAXWELL V. et al. (1974) 
Increased sensitivity to stimulation of acid secretion by 
pentagastrin in duodenal ulcer. Gastroenterology 55, 
330-337. ce 

WORMSLEY K. G. and MAHONEY M. P. (1967) Parietal cell respon- 
siveness in duodenal ulcer. Br. Med. J. 1, 278. 


15. Evaluation of a pulse volume recorder as a method of 
assessing peripheral vascular disease 

R. N. BAIRD and P. W. DAVIES’ (D. JOHNSTON), Department of 
Surgery, Bristol Royal Infirmary 


Pulse volume recorder (PVR) tracings and systolic pressure 
measurements were used to localize segmental occlusions of 
the limbs before arteriography in 40 patients. Arterial wave 
form tracings, corresponding to the arterial pressure pulse 
(Raines et al., 1976), were obtained fram a pressure-sensitive 
transducer connected to air-filled cuffs applied to the thighs, 
calves and ankles. Impairment of limb perfusion was indicated 
by changes in the wave form with reduction of the wave form 
amplitude and upstroke gradient, loss of reflected waves and 
by the systolic pressure (mm Hg) measured by the Doppler 
technique. 

Results using the thigh cuffs were related to arteriographic 
abnormalities of the aorto-iliac segment in 34 limbs; femoro- 
popliteal occlusions were shown both in the presence (17 
limbs) and absence (19 limbs) of proximal disease. 

In one patient the PVR suggested, and operative arterio- 
graphy subsequently confirmed, the presence of patent vessels 
distal to an occlusion which had not been shown by a trans- 
lumbar aortogram. In 2 patients there was clinical and PVR 
evidence of ischaemia where no arteriographic abnormality 
was seen. Calf PVR tracings intra-operatively and in the re- 
covery room forecast the need for embolectomy of four 
limbs. 

The apparatus is portable and the technique, which is non- 
invasive, simple to perform and reproducible. It provides a 
useful, accurate index of the functional significance of arterial 
disease. 

RAINES J. Ka DARLING R. C., BUTH J. et al. (1976) Vascular 
laboratory criteria for the management of peripheral 
vascular disease of the lower extremities. Surgery 79, 
21-29. 


16. A method for measuring fibrinolytic activity in a single 
layer of cells 

A. T. RAPTERY (1. E. GILLESPIE), University Department of 
Surgery, Royal Infirmary, Manchester 


Present methods available for measuring fibrinolytic activity 
take into account the total activity in the vessel wail and not 
just that confined to the endothelial lining. Semi-quantitative 
methods of measuring activity in tissue sections (Pandolfi et al., 
1967) and quantitative methods applied to weighed specimens 
of whole vein wall are available (Johnson and Mansfield, 1976). 

A new method has been devised which measures the plas- 
minogen activator content of a single layer of endothelial or 
mesothelial cells. A disc of dry gelatin (Gelfilm, Upjohn), 
6mm in diameter, is applied to venous endothelium or 
peritoneal mesothelium, left in contact for 10s and then 
gently peeled off. The gelatin disc becomes covered with a 
monolayer of cells. Duplicate discs are incubated, cell surface 
downwards, on a standard fibrin plate at 37 °C for 24h and 
the area of lysis measured. Discs incubated on plates heated at 
80 °C for 30 min in order to destroy plasminogen showed no 
lysis. 

The method was used to assess the fibrinolytic activity in 
human veins, human peritoneum and rat peritoneum. Results 
show that the fibrinolytic activity of a single layer of endo- 
thelial cells accounts for about one-quarter of the total activity 
in an equivalent area of whole vein wall and that fibrinolytic 
activity of peritoneal mesothelium is reduced by trauma and 
inflammation. 
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JOHNSON R. H. and MANSFIELD A. O. (1976) A new method for 


the detection of plasminogen activator content of vessel 
walls, Br. J. Surg. 63, 156. 


'PANDOLFI M., MILSSON L M., ROBERTSON B. et al. (1967) Fibrino- 


lytic activity of human veins. Lancet 2, 127-128. 


17. Should vascular grafts have a compliant response to the 
arterial pulse wave? 

R.»N. BAIRD, R. D. MALONEY, L G. KIDSON and W. M. ABBOTT 
(D. JOHNSTON), Department of Surgery, Bristol Royal Infirmary, 
and Massachusetts General Hospital, Boston 


Veit autografts are currently the best available replacements 
for medium- and small-sized arteries. Despite their superiority 
ovér synthetic prostheses, there is a loss of patency with time 
and only two out of every three femoropopliteal vein grafts 
remain patent for 5 years or longer. 

The compliance and elasticity of 67 arterial grafts of various 
types were measured following implantation into the femoral 
arteries of dogs for periods of 2 weeks or 3 months. 

Arterial autografts (4) had the greatest wall compliance and 
all remained patent. Free and in situ vein autografts retained a 
compliant response to the arterial pressure pulse and only 3 
of 35 grafts became thrombosed. Vein allografts (8), expanded 
polytetrafluoroethylene (6) and modified human umbilical 
cord vein (14) were not compliant and had poor patency rates 
(33-76 per cent). 

Of 16 vein segments which were overdistended with saline 
before implantation, 11 were patent at 2 weeks compared with 
16 of 17 control grafts which had not been overdistended 
(P= 0-07 by Fishers exact test). Human saphenous vein 
specimens were found to become less compliant in the interval 
between dissection from the leg and subsequent implantation. 

These results suggest that arterial grafts with incompliant 
structural properties are associated with poor patency rates 
and that the ‘ideal’ arterial graft should have compliant 
properties which are similar to those of normal arterial wall. 


18. Venous occlusion plethysmography in the assessment of 
venous insufficiency 

J, FERNANDES, E. FERNANDES, J. HORNER, T. NEEDHAM, N. 
ANGELIDES and A. N. NICOLAIDES, Vascular Laboratory and 
Academic Surgical Unit, St Mary's Hospital Medical School, 
London 


The purpose of the present study was to determine whether 
venous occlusion plethysmography (Holm, 1976) could 
differentiate between limbs with normal veins, those with 
superficial venous insufficiency (SVI) or deep venous insuffi- 
ciency (DV]1) and limbs with DVI plus deep venous occlusion 
(DVO), using a mercury strain gauge on the calf. 

Forty limbs were studied (22 patients): 13 were normal, 10 
had SVI, 11 had DVI and 6 had DVI plus DVO according to 
directional Doppler studies, ambulatory venous pressure 
measurements and venography. 

The maximum venous outflow on releasing an above-knee 
cuff inflated at 60 mmHg for 2 min was measured in the 
horizontal position; the volume decrease during exercise in 
the erect position and the time required for the volume to 
return to the resting value at the end of exercise (recovery 
time) were measured without and with proximal superficial 
venous occlusion (SVO). The results (mean --s.d.) were as 
follows: 


DVI -+ 
Normal SVI DVI DYO 
Volume decrease 
(ml/100 mi} 
Without SVO 205404 1140-2 0074+02 0-06-05 
With SYO 2054+04 21505 0854.04 0064+05 


Recovery time (s) 


Without SYO 134-4 7-4-28 3416 O83 
With SYO 1344 156 43 0-8 =- 4-3 

Maximum venous 2304-76 235486 181-439 88-i- 30 
outflow 


(mi 100 mi~ min~*) 


The results indicate that the volume decrease on exercise and 
the recovery time can differentiate between normal limbs, 
limbs with SVI and limbs with DVI. The maximum venous 
outflow can differentiate between the presence or absence’ af 
DVO. j 


HOLM J. 8. E. (1976) Simple plethysmographic method for 
differentiating primary from secondary varicose veins. 
Surg. Gynecol. Obstet. 143, 609-612. 


19. Subcutaneous heparin for the treatment of venous thrombosis 
J, D. STAMATAKIS, D. LAWRENCE, P. BENTLEY and v. v. KAKKAR, 
Thrombosis Research Unit, King’s College Hospital Medical 
School, London 


For 40 years heparin has remained the most effective initial 
treatment for acute deep venous thrombosis (DVT), the rationale 
for its use being the prevention of thrombus extension. How- 
ever, heparin given by continuous intravenous (i.v.) infusion is 
associated with relative immobility, discomfort and a signi- 
ficant morbidity for the patient. Heparin given by i.v. bolus 
injection is associated with a sevenfold incidence of haemor- 
rhage (Salzman et al., 1975). To avoid these disadvantages 
we have assessed the value of subcutaneous (s.c.) heparin in 
the treatment of acute calf DVT. 

Sixty patients with venographically proved acute calf DVT 
entered a prospective randomized trial. Thirty received 
continuous iv. heparin (infusion pump) and 30 received sub- 
cutaneous heparin given twice daily into the anterior abdo- 
minal wall. Heparin was given for 7 days and patients were 
then maintained on oral anticoagulants. Intravenous heparin 
administration was initially commenced with 40 000 i.u./24 h 
and s.c. heparin with a 12-hourly injection of 20 000 iu. 
Subsequent dosage was based on the thrombin clotting time. 
The two groups were well matched for age, sex, pathology and 
previous surgery. The success of heparin in preventing propa- 
gation of clot into proximal major veins was assessed by 
repeat venography performed on the seventh day of treatment. 
In only | of 60 patients did thrombus propagate into the 
femoral vein; this pateint had received heparin intravenously. 
Thrombus within the calf veins increased in size in 5 patients 
in the i.v. group and in 1 in the s.c. group. Haemorrhage 
occurred in | patient from each group. There were no other 
side effects in the study. 

It is concluded that s.c. heparin is as effective as i.v. heparin 
in the treatment of acute calf DVT, and because of the 
problems associated with the i.v. route the use of s.c. heparin 
can be safely adopted. 


SALZMAN E. W., DYKIN D., SHAPIRO R. M. et al. (1975) Manage- 
ment of heparin therapy. N. Engl. J. Med. 292, 1046-1050 


20. Relationship between postoperative pulmonary embolism 
and deep venous thrombosis 

P. AUKLAND, G. COATES and J. HIRSH (AVERIL O. MANSFIELD), 
Department of Surgery, McMaster University, Hamilton, 
Canada 


The incidence of postoperative pulmonary embolism and its 
relationship to deep venous thrombosis was investigated post- 
operatively in 107 surgical patients. Chest X-rays, perfusion 
lung scans and ventilation lung scans were performed pre- 
operatively and 7-10 days postoperatively. Serial postoperative 
**9}-labelled fibrinogen leg scans and impedence plethysmo- 
graphy were also performed and the diagnosis of suspected 
DVT was confirmed by bilateral ascending venography. 

Four patients had a new postoperative segmental perfusion 
defect with a normal ventilation lung scan and were considered 
to have pulmonary embolism. All 4 had DVT. Seventy-nine 
patients had normal postoperative pulmonary lung scan and 
none had DVT. Seven patients had non-segmental post- 
operative pulmonary lung scan and ventilation lung gcan 
defects, all of which were present preoperatively; one of these 
patients had a DVT. Twelve patients had new postoperative 
non-segmental pulmonary hing scan defects, 11 with associated 
ventilation lung scan defects and 1 with a normal ventilation 
lung scan. Only one of these patients had a DVT. 

It is concluded that postoperative pulmonary lung scan. 
defects are common, that many are present preoperatively 


og * 


and that they are often non-specific. When the classic lung 
scan features of pulmonary embolism are present they are 
frequently associated with DVT. 


BROWSE H. L., CLEMENSON G. and CROFT D. N. (1974) Fibrinogen 
detectable thrombosis in the legs and pulmonary embolism. 
Br. Med. J. 1, 603-604. 

LAHNBORG G., BERGSTROM K., FRIMAN L. et al. (1974) Effect of 
low-dose heparin on incidence of postoperative pulmonary 
embolism detected by photoscanning. Lancet 1, 329-331. 


21. A comparative study of heparin and a semi-synthetic 
heparin analogue in the prevention of postoperative deep vein 
thrombosis 


vV. V. KAKKAR, D, LAWRENCE, J. D. STAMATAKIS, P. G. BENTLEY 


and v. P. WARD, Thrombosis Research Unit, Department of 


Surgery, King’s College Hospital Medical School, London 
The evidence that low doses of heparin prevent venous 
thromboembolism in most postoperative patients is strong. 
However, a form of therapy which is as effective as heparin 
that does not induce any tendency to increase bleeding during 
surgery would certainly be more acceptable for routine use 
on a large scale. We have already reported (Thomas et al., 
1977) that a semi-synthetic heparin analogue (SSHA-~A73025) 
fulfils these requirements. When administered subcutaneously, 
the analogue was found to be approximately three times more 
effective than heparin in potentiating antithrombin HI activity, 
which prevents formation of thrombin, without causing 
prolongation of activated partial thromboplastin time (APTT), 
which is associated with an increased risk of bleeding. 

In this study 100 patients over 40 years of age undergoing 
major abdominal surgery were randomly allocated to receive 
either 5000 i.u. of heparin every 8h or 10 000 units of SSHA 
every 12 h for the first 10 postoperative days. Antithrombin HI 
levels and changes in APTT were measured before, during and 


_ after surgery. DVT was diagnosed by the ***I-labelled fibrinogen 


test. 
The results of the study were as follows: 





Heparin SSHA 
No. of patients 50 50 
Sex M 27 26 
F 2 24 
Age Mean 62-6 59-1 
40-59 yr 18 26 
60-80 yr 32 24 
DVT Day 0-7 4 (8%) 1 (2%) 
Day 7-14 2 (4%) 12%) 
Minor haematoma 3 0 
Blood transfusion 1250 ml 1266 ml 


Changes in antithrombin HI levels and APTT will be 
discussed. We conclude that SSHA is as effective as heparin in 
preventing postoperative DVT. 


THOMAS D. P., LANE D. A., MICHALSKI R. et al. (1977) A heparin 
analogue with specific action on antithrombin HI. 
Lancet 1, 120-122. 


22. Assessment of optimum graduated static compression 
pressure for increasing deep venous velocity 

D. LAWRENCE and V. V. KAKKAR, Thrombosis Research Unit, 
Department of Surgery, King's College Hospital Medical 
School, Lendon 


It has been reported recently (Holford and Bliss, i976; 
Ibrahim et al., 1976) that graduated static compression 
stockings are effective in preventing deep venous thrombosis. 
However, the optimum graded static compression pressure 
which will produce a maximum increase in the velocity in the 
deer? venous system without impairing the local tissue perfusion 
remains to be determined. 

In this study an inflatable five-chambered vinyl! sleeve was 
used. One chamber corresponded to the area of the ankle 
region, the second to the mid calf, the third to the knee, the 
fourth to the lower thigh and the fifth to the upper thigh. When 
wrapped around the limb, each chamber could be inflated 
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separately at a different pressure to give a pressure gradient 

highest at the ankle and lowest in the upper thigh. Compression 

effects of three groups of pressure ranges were determined 

(mmHg): 10, 8, 4, 4, 2; 18, 14, 8, 10, 8; and 30, 24, 14, 18, 12. 

Seventy patients were studied. Changes in the deep venous 
velocity were assessed by measuring the ankle to groin transit 
time of "Tc. Tissue perfusion was measured by clearance of 
NaC} and muscle blood flow by Xe., The rate of clearance 
of contrast medium from the deep venous system was assessed 
by venography. It was found that the middle pressure group 
(18-8) produced a greater change in velocity without impa- 
ment of tissue perfusion or calf muscle blood flow. This 
velocity change was statistically significant when compafed 
with the lower pressure group (10-2) (P<0°5). The higher 
pressure setting (30-12) reduced tissue perfusion and cA 
muscle blood flow in a significant proportion of patients. 

It is concluded that the most effective graduated static 
compression stocking should have a pressure gradient of 18, 
14, 8, 10, 8 mmHg. 

HOLFORD €. P, and BLISS B. P. (1976) The effect of graduated 
static compression on isotopically diagnosed deep venous 
thrombosis of the leg. Br. J. Surg. 63, 157. 

IBRAHIM S. Z., SCURR J. H, and LE QUESNE L. P. (1976) The effect 
of graded compression on the incidence of postoperative 
deep vein thrombosis. Eleventh Congress of the European 
Society for Surgical Research, Dublin. 


23. The prognosis of colorectal cancer complicating ulcerative 
colitis 

R. G. HUGHES, T. J. HALL and A. R. MOOSSA (D. JOHNSTON), 
Departments of Surgery, University of Bristol and University of 
Chicago 

Neoplastic change is a well-recognized complication of 
ulcerative colitis and the tumours that develop have a reputa- 
tion for rapid spread and poor prognosis (Slaney and Brooke, 
1959). To test this reputation we have studied a series of 
patients from the University of Chicago with respect to the 
survival rate after operation for cancer and the extent of 
tumour spread at laparotomy. A total of 1140 patients with 
colitis was reviewed and 29 patients were found to have 
developed 33 tumours-——an incidence of 2-7 per cent. The 
survival of these patients was compared with that in controls 
matched for age, sex, site and stage of disease by the life table 
method (Colton, 1974). The 5-year survival rate for colitic 
cancer patients was 55-1 per cent and 46-9 per cent for the 
control group. The difference between the groups was not 
significant (P-<0-1). To compare the degree of spread at the 
time of operation the Registry of Neoplastic Diseases was 
searched for patients with a tumour at the same site whose age 
was the same as the colitis patients +5 years and the stage of 
these tumours was noted. Of the tumours in the non-colitic 
population 25:5 per cent showed less spread than the colitic 
cancers, 30-5 per cent showed the same degree of spread and 
44 per cent more extensive spread. The control tumours 
showed a significantly greater spread (P<0-001, x? test). 
These data indicate that colitic cancer, when treated by an 
adequate cancer operation, has the same prognosis as cancer 
developing in normal bowel, and when neoplastic degeneration 
occurs the spread is no more rapid than usual. 

COLTON T. (1974) Statistics in Medicine. Boston, Little, Brown. 
SLANEY G. and BROOKE B. N. (1959) Cancer in ulcerative colitis. 


24. Plasma angiotensin H levels during open heart surgery 

K. M. TAYLOR, J. J. MORTON, J. J. BROWN, W. H. BAIN and P. K. 
caves, University Department of Cardiac Surgery, Royal 
Infirmary, Glasgow, and MRC Blood Pressure Unit, Western 
infirmary, Glasgow 


Systolic hypertension and peripheral vasoconstriction are 
frequently encountered for the first few hours after cardio- 
pulmonary bypass. The aetiology of these conditions is 
poorly understood, although it has been suggested that the 
renin—angiotensin system may play an important role. We have, 
therefore, studied plasma angiotensin I] (AH) levels in 12 
patients undergoing open heart surgery (bypass group) and in 
6 patients undergoing closed mitral valvotomy (control group). 
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In the bypass group non-pulsatile cardiopulmonary bypass 
was used at a mean perfusion pressure of 58 mmHg-:-8°3 s.e. 
mean. Serial plasma ATE levels were determined by radio- 
immunoassay (normal values <35 ng/l). In both groups 
plasma AH levels showed a small rise after the chest had been 
opened (mean AH levels <60 ng/l for both groups). In the 
bypass group plasma AIL rose markedly during cardio- 
pulmonary bypass to a mean level of 194 ng/l-—52 se. mean. 
This high level was maintained at 2 h postoperatively (177 ng/l 
3-26 s.e. mean). Thereafter, AH levels fell rapidly, returning to 
nermal in all but 2 patients. Both these patients showed a 
progressive rise in postoperative AH levels to more than 
35% ng/l at 24 h and both died at 48 h from low cardiac output 
associated with subendocardial necrosis. In contrast to the 
Anass group, control patients showed no further AH rise 
per- or postoperatively (P< 0-01). 

We conclude that the renin~angiotensin system plays an 
important role in the peripheral vasoconstriction seen after 
non-pulsatile cardiopulmonary bypass and may also be of 
critical importance in the pathogenesis of low cardiac output 
syndromes. 


25. Raised serum protein levels as predictive indices of dis- 
seminated bronchial carcinoma 

C. E. NEWMAN, C. H. J. FORD, D. BURNETT and A. R. BRADWELL 
(G. SLANEY), Departments of Surgery and Medicine, University 
of Birmingham 

Thirty-seven patients have entered a trial of immunochemo- 
therapy following radical resection of lung cancers. The 
patients have been reviewed at 1~3-monthly intervals with 
regular clinical assessment, including routine haematological 
and biochemical profiles, radionuclide scans of bone, brain and 
liver and conventional X-ray skeletal surveys. During follow- 
up, samples of blood were taken at each attendance for the 
measurement of 19 serum proteins by immunological methods. 

The mean follow-up period is 20 months and during this 
time 19 patients have developed clinically evident metastases. 
In 18 patients significant changes in one or more of nine 
serum proteins were observed; changes in serum protein levels 
occurred before clinical evidence of metastasis in 16 patients. 
Ten plasma proteins remained unchanged during progressive 
disease. Some or all of the remaining nine proteins altered 
significantly during the course of the disease but the best 
serum markers of disease states were haptoglobin and oroso- 
mucoid, which were significantly elevated in 15 patients. These 
changes preceded the development of clinically apparent 
metastatic disease by up to 10 months (mean 4-5 months) and 
such changes were only preceded by raised CEA levels in 2 out 
of 5 patients where this occurred. In no patient did suggestive 
scan or X-ray evidence precede elevation of the protein levels, 
nor were significant protein alterations associated with inter- 
current infections. 

A linear correlation was observed when preoperative levels 
of haptoglobin and orosomucoid were compared with the 
diameter of the tumour at the time of operation (P0001). 
The concentrations of plasma proteins reflected the disease 
status in many patients with bronchial carcinoma and are 
better in predicting preclinical disease than routine scans or 
X-rays. 

26. Grey scale ultrasonography in biliary and pancreatic 
disease: a prospective study 

A. J. MCKAY, J. G. DUNCAN, C. W. IMRIE and L. H. BLUMGART, 
University Department of Surgery and Department of Radiology, 
Reval Infirmary, Glasgow 


Grey scale ultrasonography has been assessed prospectively 
in 101 patients in three clinical situations where diagnosis can 
be difficult (Raine and Gunn, 1975; Thorbjarnarson, 1976). 
The diagnosis in each patient was confirmed by cholangio- 
graphy and/or surgery. The results are given in the Table. 
The presence or absence of dilated bile ducts was accurately 
determined in 29 of 30 patients. Grey scale ultrasonography 
was performed within 48h of admission in 21 patients with 
suspected acute cholecystitis. The galibladder was outlined in 
18 cases (86 per cent) and stones shown in 12. In 27 outpatients 
investigated for recurrent biliary colic, the gallbladder was 
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Galibladder/ Stones 
ducts identi- Technical 
No. visualized fied failure 
Suspected bile duct e 
obstruction 5 
Icteric 26 25 wee 0 
Anicteric 4 4 = 0 
Suspected choleli- 
thiasis 
Acute cholecystitis 21 18 12 3 
Recurrent biliary 27 22 [3* 5 
disease 
Acute pancreatitis 23 t5 7 
Total 101 84 32 16 





* One false positive result, 


demonstrated in 22 (81 per cent) and gallstones reported in 13, 
with I false positive result. 

Within 1 week of admission 23 patients with acute pan- 
creatitis had grey scale ultrasonography, which outlined the 
gallbladder in 15 (65 per cent), of whom 7 had gallstones 
accurately diagnosed. 

Grey scale ultrasonography is able to differentiate dilated 
from non-dilated intrahepatic bile ducts. In acute cholecystitis 
and acute pancreatitis, gallstones can be demonstrated early 
in the disease. The presence of gas obscuring the ultrasound 
picture was the only cause of technical failure. 


RAINE P. A. M. and GUNN A. A. (1975) Acute cholecystitis. Br. J. 
Surg. 62, 697-700, 

THORBJARNARSON B. (1976) Surgery of the Biliary Tract. 
Philadelphia, Saunders. 


27. High dosage effective Trasylol therapy in experimental 

acute pancreatitis 

C. W., IMRIE and M. MACKENZIE (L. H. BLUMGART), University 

Department of Surgery, Royal Infirmary, Glasgow 

The maximum delay after induction of severe acute pancreatitis 

in dogs at which high dosage intravenous Trasylol is still 

effective has been measured. Acute haemorrhagic pancreatitis 
was induced in a standard fashion (Anderson et al., 1958) in 

22 dogs. This resulted in a 100 per cent mortality in 4 dogs given 

supportive therapy alone, while 4 contro! animals subjected to 

laparotomy, duodenotomy and pancreatic duct cannulation 
survived without il effect. The remaining 18 dogs were given 
supplementary intravenous Trasylol (400 000 KIU) at varying 
times after the onset of acute pancreatitis. Maintenance 

therapy (100 000 KIU b.i.d.) was continued for a further 72 h. 

Ten dogs given this treatment starting 1-6 h after induction of 

pancreatitis all survived without appreciable morbidity. 

However, a 9- and [2-h delay in starting Trasylol therapy was 

associated with a 25 and 75 per cent mortality rate. 

A 30 per cent fall in serum albumin values (haematocrit 
corrected) occurred within 4h and Trasylol given at | h after 
onset considerably decreased the rate and degree of this 
hypoalbuminaemia. All animals showed hypocalcaemia and 
elevations in serum amylase, transaminases and alkaline 
phosphatase. Urinary amylase levels remained low (Traverso 
et al., 1976). 

The starter dose of Trasylol used approximately equates to 
1 200 000 units in man and it is suggested that larger doses of 
Trasylol be given for a shorter time than is the current practice 
in patients with acute pancreatitis. 

ANDERSON M. D., VAN HAGEN F., METHOD H. L. and MEHAN W. H. 
(1958) An evaluation of the use of bile, bile salts and trypsin 
in the production of experimental pancreatitis. Surg. 
Gynecol, Obstet. 107, 693-703. 

TRAVERSO L. W., LONGMIRE W. P. fun. and TOMPKINS R. K. 
(1976) Evaluation of experimental canine pancreatitis. J. 
Surg. Res. 241, 247-253, 


28. The dilated ureter: obstruction or atony? 

P. H. O'REILLY, R, $. LAWSON, R. A, SHIELD, H. J. TESTA, R. N, P. 
CARROLL and E. CHARLTON EDWARDS (J. B. ELDER), Depart- 
ments of Urology, Nuclear Medicine and Medical Ph ysics, 
Royal Infirmary, Manchester 


it is often difficult to distinguish between the atonically 
dilated and the obstructed ureter by intravenous urography, 
which provides a predominantly anatomical rather than 
fumctional assessment. Perfusion studies have been advocated 
in this situation (Whitaker, 1973; Whitfield et al, 1976) but as 
these are invasive they are not widely practised. 

We, have devised a method by which a standard -labelled 
hippuran renogram is performed. This often shows an 
apparently obstructive pattern due to sluggish urine flow 
through the dilated system. A second renogram is performed 
3 min after an injection of 0-5 mg/kg of frusemide, which 
produces a rapid, brisk increase in urine flow. 

lt is found that in the absence of true obstruction. elimina- 
tion of the tracer is normal during diuresis, while an obstruc- 
tive process results in only partial or absent excretion. 

We studied the procedure in 30 patients: it was possible to 
confirm the presence of genuine obstruction in 16 cases and to 
exclude it in 14. 

Isotope renography is a truly functional assessment of 
individual renal status. Its combination with diuretic techniques 
is recommended in equivocal ureteric dilatation before pro- 
ceeding to more invasive procedures. 


WHITAKER R. H. (1973) Diagnosis of obstruction in dilated 
ureters. Ann. R. Coll. Surg. Engl. 53, 153~167. 

WHITFIELD H. N., HARRISON N. W., SHERWOOD T. et al. (1976) 
Upper urinary tract obstruction. Pressure/flow studies. 
Br. J. Urol. 48, 427-430. 


29. Duodenal permeability: an in vivo isotope study 


B. M. NEWMAN and J. B. ELDER, University Department of 


Surgery, Roval Infirmary, Manchester 


Much has been written about gastric mucosal permeability, 
but little attention has been focused on the duodenum. In this 
study the relationships of blood flow and changes in pH to 
mucosal permeability in the duodenum have been studied 
using an in vivo technique. 

Permeability studies 

Using “Te and 3C] as tracers the permeability of the first and 
fourth part of the duodenum was studied. Control experiments 
in anaesthetized rabbits (n= 5), placing 0-25 mCi “Te on 
chambered segments of either the first or fourth part of the 
duodenum and measuring activity on 0-5-m!] femoral venous 
blood samples at 5-min intervals, demonstrated a smooth 
uptake of the tracer from the duodenum and a significantly 
greater passage of isotopes through the first part of the 
duodenum than through the fourth part (P<0-005). Repeat 
experiments (7 = 5), using 0-1 uCi "Ci for comparison with an 
ion of physiological importance, gave very similar trends, the 
first part of the duodenum being 52 per cent more permeable 
than the fourth part (P < 0-001). 

Blood flow studies 

Using the indicator fractionation technique of Sapirstein (1958) 
with Rb36C] (a= 5) the mucosal blood flow in the first part 
of the duodenum was uniformly greater than in the second 
and fourth parts (P< 0-005). 

PH studies 

With “Tc as the tracer, the effect. of increasing acidity down to 
pH 2 was to increase greatly the passage of the isotope through 
the first part of the duodenum with respect to controls at 
pH 5-6 (P<0-001). The distal duodenal mucosal ion flux was 
relatively unaffected by changes in local pH. 

These results suggest that the first part of the duodenum is 
more permeable to certain ions than the distal duodenum, and 
that the passage of ions appears to be related to changes in pH 
and to mucosal blood flaw (Newman et al., 1975). 


NEWMAN B., TAYLOR T. V., ELDER J. B. et al. (1975) The relation- 
ship between antro-fundic permeability and gastric 
mucosal blood flow using tracer techniques. Ges 16, 823. 

SAPIR@TEIN L. A. (1958) Regional blood flow by fractional 
distribution of indicators. Am. J. Physiol. 193, 161-166. 


30. Cholesterol solubility in human bile—the effect of Rowachol 
J. DORAN, M. R. B. KEIGHLEY and G. D. BELL, City Hospital, 
Nottingham, and The General Hospital, Birmingham 

Cholesterol galistones can be dissolved with chenodeoxylcholic 
acid but dissolution takes many months and there are still 
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doubts about possible toxic side effects (Iser et al., 1977). The 
present investigation examines the effect of Rowachol, a 
proprietary triterpene mixture, on the cholesterol solubilizing 
capacity of human bile with a view to assessing, iff possible use 
as a gallstone dissolving agent. 

Gallbladder bile was obtained at cholecystectomy from 18 
patients with functioning gallbladders and cholesterol gall- 
stones. Seven had received Rowachol preoperatively while 11 
acted as controls. In a further 18 patients with T tubes in sit 
bile was collected on the tenth postoperative day, the T tube 
having been clamped for at least 48 h. Eight of these patients 
received Rowachol before bile collection, the other 10 act#hg 
as controls. z 

The bile was analysed for cholesterol (C), bile salts (BS) a 
phospholipid (PL) content and the cholesterol solubilifing 
capacity (BS+PL)/C calculated. The cholesterol solubilizing 
capacity of both gallbladder and T tube bile was significantly 
greater in the Rowachel groups than in the controls. 


(BS + PL)/C 
T tube bile 
(mean + s.d.) 


(BS + PL}/C 
gallbladder bile 
(mean -t s.d) 


hoa 


Rowachol 17-63 4-2-84 231455 
Controls 9-08 +. 2-32 148450 
P<0-001 P=<0-01 


The results suggest that Rowachol merits detailed considera- 
tion as a possible supplement or even alternative to chenodeoxy- 
cholic acid, 


ISER J. H., MURPHY G. M. and DOWLING R. H. (1977) Speed of 
change in biliary lipids and bile acids with chenodeoxy- 
cholic acid: is intermittent therapy feasible? Gur 18, 7-15. 


31. Should cholecystectomy be combined with vagotomy and 
pyloroplasty? 

T. V. TAYLOR, M, E. LAMBERT, S. QURESHI and BRUCE TORRANCE, 
Royal Infirmary, Manchester 


Following truncal vagotomy there is a significant increase in 
gallbladder volume and an alteration in the chemical composi- 
tion of bile, leading to an increased incidence of gallstone 
formation {Fagerberg et al, 1970). Condon et al. (1975) 
suggested that cholecystectomy performed simultaneously 
with vagotomy and pyloroplasty might prevent post-vagotomy 
diarrhoea. 

Both duodenal ulceration and gallstones are common 
conditions, so a group of patients who had undergone both 
operations were studied. From a total of 589 vagotomies, 
performed between 1970 and 1976, 60 patients in whom a 
cholecystectomy was performed were reviewed and compared 
with two groups of 60 controls matched for age and sex who 
had undergone vagotomy and pyloroplasty or cholecystectomy 
alone. 

Post-vagotomy diarrhoea occurred in 7 patients (11-8 per 
cent) after vagotomy and pyloroplasty and in 29 (48-3 per cent) 
after vagotomy with pyloroplasty and cholecystectomy 
(x* == 175, P= 000013). Nine patients developed diarrhoea 
following cholecystectomy when this was performed after the 
initial vagotomy. Of 36 operations performed simultaneously, 
16 developed post-vagotomy diarrhoea, but when cholecystec- 
tomy was performed before vagotomy 4 of 12 patients developed 
this complication. Cholestyramine, when tolerated, improved 
all patients with diarrhoea after the combined operations, but 
symptoms immediately returned when the drug was with- 
drawn. 

In view of the high incidence of post-vagotomy diarrhoea 
after the combined operations, we would not recommend 
prophylactic cholecystectomy with vagotomy, and proximal 
gastric vagotomy may be more appropriate in those with 
combined pathology. 


CONDON J. R., ROBINSON V., SULEMAN M. I. et al. (1975) The 
cause and treatment of post-vagotomy diarrhoea. Br. J. 
Surg. 62, 309-312. 

FAGERBERG S., GREVSTON S., JOHANSSON H. et al. (1970) 
Vagotomy and gallbladder function. Gut 11, 789-793. . 
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32. Gastric emptying after treatment of pyloric stenosis secon- 
dary to duodenal ulceration by proximal gastric vagotomy and 
pyloric dilatation or duodenoplasty 
C. M. WHITE, «M. R. B. KEIGHLEY, N. 3. DORRICOTT and J. 
ALEXANDER-WILLIAMS, The General Hospital, Birmingham 
Proximal gastric vagotomy (PGV), by preserving an intact 
innervated pyloric antrum, is less likely to cause postoperative 
dumping or biliary vomiting than other peptic ulcer operations 
(Johnston and Wilkinson, 1970). In order that patients with 
pyloric stenosis may benefit from a procedure which leaves a 
functioning pyloric antrum, treatment by PGV and dilatation 
of*the stenosis or PGV and duodenoplasty (Kennedy, 1976) 
has been proposed. A potentially serious complication of 
tfkese operations is restenosis resulting in gastric stasis. 
However, the symptomatic results of these procedures in two 
small series of patients have been reported and the incidence 
of gastric stasis was surprisingly low (McMahon et al., 1976). 
In this study objective evidence of restenosis has been sought. 
A consecutive series of 10 patients with pyloric stenosis 
was treated by PGV and dilatation or PGV and duodenoplasty. 
Three months after operation, using an isotopically labelled 
solid meal, the gastric emptying of these patients was compared 
with the emptying of a control group of 10 patients who had 
undergone PGV alone for uncomplicated duodenal ulceration. 
There was no significant difference in gastric emptying between 
the two groups. These findings provide further evidence that 
PGV and dilatation of the stenosis or PGV and duodenoplasty 
are effective treatments for pyloric stenosis and that restenosis 
does not occur. 


JOHNSTON D. and WILKINSON A. R. (1970) Highly selective 
vagotomy without a drainage procedure in the treatment 
of duodenal ulcers, Br. J. Surg. 87, 289-296. 

KENNEDY T. (1976) Duodenoplasty with proximal gastric 
vagotomy. Ann. R. Coll. Surg. Engl. 58, 144-146. 

MCMAHON M. I, GREENHALL R. 1, JOHNSTON D. et al. (1976) 
Highly selective vagotomy plus dilatation of the stenosis 
compared with truncal vagotomy and drainage in the 
treatment of pyloric stenosis secondary to duodenal 
ulceration. Gut 17, 471-476. 


33. Is the internal sphincter abnormality of haemorrhoids the 
primary phenomenon? 

A. R. HEARN and B. HANCOCK (P. F. SCHOFIELD), University 
Hospital of South Manchester 


In a previous study it was shown that the anal pressure profile 
was altered in patients with haemorrhoids and that these 
changes were eliminated by maximal anal dilatation (Hancock 
and Smith, 1975). It is uncertain whether the changes show a 
primary internal sphincter abnormality or sphincteric changes 
secondary to the presence of haemorrhoids. In order to 
investigate whether the changes were primary or secondary, 
anal pressures have been measured before treatment and after 
cryosurgical ‘haemorrhoidectomy’. This procedure was 
chosen as cryosurgery through a proctoscope does not disturb 
the internal sphincter. 

Anal pressure has been measured in 12 subjects before and 
2 months after cryosurgery, using a 7-mm diameter water-filled 
balloon probe (Hancock and Smith, 1975). There was no 


H.O -418-57 s.d.). Pressures both before and after treatment 
were significantly higher than those in 10 control subjects 
(78-5 cm H,O+15-10, P<0-007), 

The persistence of high anal pressure when cryosurgery has 
eliminated the haemorrhoids suggests that the abnormality of 
the internal sphincter may be the primary defect in patients 
with haemorrhoids. 


HANCOCK B. D. and SMITH K. (1975) The internal! sphincter and 
Lord’s procedure for haemorrhoids. Br. J. Surg. 62, 
$33-~-836. 


34. A comparison of cimetidine and epidermal growth factor in 
the healing of experimental gastric ulcers 

C. G. KOFFMAN, JACQUELINE BERRY and J. B. ELDER, University 
«Department of Surgery, Royal Infirmary, Manchester 


Epidermal growth factor (EGF) is a naturally occurring 
polypeptide of similar structure and bioactivity to urogastrone 
(Gregory, 1975), which is itself a potent inhibitor of gastric 
acid secretion (Elder et al., 1975). , ° 

Standardized 5-mm diameter mucosal wounds were made 
at the antrofundic junction (Wong and Loewenthal, 1976) in 
the stomachs of 80 male Sprague-Dawley rats which, were 
then randomly allocated into four treatment groups as follows: 
. Daily oral saline as control. 

. Daily oral cimetidine 100 mg kg d~. 
. Daily subcutaneous saline as control. 
. Daily subcutaneous EGF 80 ug kg dot. 

Five rats from each group were killed at weekly intervals 
for 4 weeks and the ulcers photographed, measured and 
submitted to histological examination. 

One death occurred in the cimetidine control group and 
rats in all treatment groups gained weight. There was progres- 
sive reduction in mean ulcer size in each treatment group but 
this was greatest in the EGF group (P< 0-01). 


fe fad tid eee 


Mean ulcer size (mm?) 





Week i Week 2 Week 3 Week 4 
Oral saline 12-022: 65406 63+14 30406 
Cimetidine 9491-5 52410 40404 11-5409 
Subcutaneous 12-2209 $7407 5541-4 49-417 
saline | 
EGF 87413 29405 19408 0 


All ulcers in the EGF group were completely healed at 
i month whereas 40 per cent of ulcers in the cimetidine group 
and 20 per cent in the control group were healed. These 
results were confirmed by histological examination. 


ELDER J. B., GANGULI P. C., GILLESPIE 1. E. et al. (1975) Effect 
of urogastrone on gastric secretion and plasma gastrin 
levels in normal subjects. Gut 16. 887—893. 

GREGORY H. (1975) Isolation and structure of urogastrone and 
its relationship to epidermal growth factor. Nature 
(Lond.) 257, 325-327. 

WONG J. and LOEWENTHAL J. (1976) Chronic gastric ulcer in the 
rat produced by wounding the fundo-antral junction. 
Gastroenterology 71, 416-420. 


35. Are second courses of cimetidine as effective as first courses 
in the treatment of duodenal ulceration? 

J. G. STEPHEN and C. W. VENABLES, Department of Surgery, 
Royal Victoria Infirmary, Newcastle upon Tyne 


Cimetidine is an effective drug for promoting duodenal ulcer 
healing in the short term (Bodemar and Walan, 1976) but its 
place in long term management remains unclear. If this drug is 
to alter radically the need for surgical treatment it must also 
be shown to prevent relapse and to be equally effective when 
given more than once. It has recently been suggested that a 
second course of therapy may be less effective (Saunders and 
Wormsley, 1977). 

Sixty-two patients have been treated for duodenal ulceration 
with cimetidine 400 mg q.i.d. for 28-42 days and 52 were healed 
on endoscopy at 28 days. Secretion tests and fasting gastrin 
levels before entry to the study revealed no difference between 
those who healed and those who did not. These patients have 
entered a double-blind long term maintenance trial during 
which 13 have developed recurrent ulceration which has been 
treated with a second course of cimetidine. A comparison of 
the rate of healing and symptomatic responses of these 13 
patients has been made. 

Eleven of the 13 healed in 28 days on the first course and 
10 of the 13 on the second. This difference is not significant. 
Symptomatic responses in terms of pain-free days, pain-free 
nights, antacid consumption and overall assessment were 
compared. There were no significant differences betwe@n the 
two treatment periods. 

It is concluded that cimetidine is an effective treatment for 
duodenal ulceration even when repeated. 


BODEMAR G. and WALAN A. (1976) Cimetidine in the treatment 
of active duodenal and prepyloric ulcers. Lancet 2, 161- 
164. 


SAUNDERS J. H. B. and WORMSLEY K. G. (1977) Long term 
effects and after effects of treatment of duodenal! ulceration 
with metiamide. Lancet 1, 65-67. 
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36. Influence of bowel preparation on colonic microflora 
Y. ARABI, F. DIMOCK, D. W. BURDON and M. R. B. KEIGHLEY, The 
General Hospital, Birmingham 
Colofectal operations are associated with a high incidence of 
postoperative sepsis (Burton, 1973). We have investigated the 
influence of bowel preparation on colonic microflora in 87 
patients requiring elective operations. Three mechanical 
methods of bowel preparation have been studied: magnesium 
sulphate and enemas (group 1, m= 23), elemental diet for 
5 days (group 2, n= 35) and whole bowel irrigation with 
normal saline (group 3, n= 29). The three groups have been 
subdivided according to whether or not antibiotics (neomycin 
I g tid. and metronidazole 200 mg t.i.d.) were added for the 
2 days before operation. Faecal samples were obtained by 
intra-operative needle aspiration from an isolated 10-cm 
segment of transverse colon. Viable counts were performed by 
serial dilution of samples in an anaerobic cabinet. Results have 
been compared with 22 controls requiring colorectal operations 
who had received no preparation. 

We have analysed the results with regard to the most 
important pathogens in the colon, Escherichia coli and 
Bacteroides fragilis. With the exception of group 2, all other 
methods of mechanical preparation alone had no influence 
on colonic microflora. In all groups receiving antibiotics, 
there was a significant reduction in faecal flora and results 
were not impaired by stenotic lesions in the colon (internal 
diameter <0-8 cm). 


VIABLE COUNTS (LOG VALUES) 


No. of 
patients E. cali B. fragilis 
Sigmoidoscopy 16 5-8-4 1-5 59424 
controls 
Operative samples 
Controls 6 6-1-1] 6-9+1-8 
Group | 
Mech. 13 5:32 + 1-40 6641-01 
-+ Ab 10 2°38 4-3-1 0-5-0 
Group 2 
Mech. 16 4-1-+-1-5 5-4+-1°8 
+ Ab 19 2:34-23 L4- p3 
Group 3 
+-Ab 19 22+2°6 1-8 2-8 


ae Dr ci ae NG Pi ref OO 2a 
Mech., Mechanical method only; --Ab, with antibiotics. 
All values are means +-s.d. 


These studies indicate that oral neomycin and metronidazole 
exert a profound influence on colonic microflora irrespective 
of obstruction or the method of mechanical preparation. 


BURTON C. R. (1973) Postoperative wound infection in colonic 
and rectal surgery. Br. J. Surg. 60, 363-365. 


37. Improved patient and graft survival after cadaveric renal 
transplantation 

R. W. G. JOHNSON, N. P. MALLICK, T. H. GOOL G. L. COHEN and 
W. MCN., ORR, Royal Infirmary, Manchester 


The high mortality rate associated with cadaveric renal 
transplantation continues to cast doubts on its therapeutic 
role. It is possible that many of the deaths may be due to 
steroid overdosage. 

In this study 109 patients who have received 118 transplants 
have been followed up for at least 1 year. Comparison is made 
between those patients receiving high (conventional), inter- 
mediate and low dose oral maintenance steroids after trans- 
plantation in terms of patient mortality and graft survival. 

All patients received the same dose of Imuran (2-3 mg/kg) 
and the same treatment for acute rejection episodes. Results 
are given in the Table. 

. The patient mortality rate was significantly reduced in the low 
dose group (P<0-0001). This difference remained significant 
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Patient l-yr graft 
Group No. mortality survival 
High dose 55 27 (We 20 (36%) + 
(200 mg/d reducing) 6 
Intermediate dose 18 9 (50%) 7 (38% 
(low-high) 
Low dose 45 6 (13%) 31 (68%) 
(0-4 mg kg d~ reducing) 
Total 118 4235% 58 (49°27) 
@ 


even when the low and intermediate groups were combined 
and compared with the high dose group. e 

Although infection was the commonest cause of death, thë 
incidence of non-fatal systemie infections was similar ii 
three groups. 

There was also a highly significant increase in graft survival 
at I year in those patients on the low dose oral steroid régime. 

There would appear to be no merit either in using high 
doses of oral steroids for maintenance or in reverting to high 
doses following persistent rejection episodes. 


38. Reactions of rabbit knee-joint tissues to corticosteroids 
N. E. SHAW and EVE LACEY (1. E. GILLESPIE), University Depart- 
ment of Orthopaedics, Royal Infirmary, Manchester 


Corticosteroids are valuable for treating certain chronic 
diseases but undesirable complications occur, including 
osteoporosis, cartilage destruction and retardation of growth 
in children. 

An experiment was designed to study the mechanism of 
these disturbances. Young rabbits, treated with small daily 
doses of corticosteroids, were killed at intervals and their 
knee joints examined. Histochemical techniques, including 
autoradiography, showed changes in the cellular or connective 
tissue chemistry. 

The articular cartilage surface became fibrillated because 
loss of sulphomucins from the matrix left collagen fibres 
unsupported. Loss of alkaline phosphatase and decrease in 
cell lipids also occurred 

Changes in morphology and reduced cell population 
occurred in the epiphyseal cartilage plate. Sulphur incorpora- 
tion was suppressed and neutral glycoproteins were formed 
instead of acid sulphomucins; alkaline phosphatase activity 
diminished and the growth plate was thinned. 

in cancellous bone osteoclasts were active whilst osteo- 
blasts became dormant with loss of RNA activity. 

Corticosteroids aggravate damaged articular tissue and 
reduce osteogenic activity. These findings have important 
clinical implications that have modified our use of these 
drugs. 


39. Effect of large pulse doses of prednisolone on rat kidney 
allograft survival 

E. WAGNER and R. PICHLMAYR, Klinik fiir Abdominal und 
Transplantationschirurgie, Medizinische Hochschule, Hannover, 
West Germany 


Corticosteroids used in combination with cytotoxic drugs 
form part of immunosuppressive therapy after clinical organ 
transplantation. Although the method of action of corti- 
costeroids has to a large extent been clarified, their appropriate 
application in terms of dosage and time of administration in 
an immunosuppressive régime following renal transplantation 
has by no means been settled. 

We investigated the effect of administering different doses 
of prednisolone at various times before and after kidney 
transplantation in the rat on the function and survival time of 
the graft. Inbred homozygous rats which were H-1 incom- 
patible were used (DA, Le) and the doses of prednisolone 
varied between 10mg and S00 mg/kg body weight. The 
results are given in the Table. 

A single high bolus injection of prednisolone sodium 
succinate prolonged the survival time of the kidney allografts 
when given within 2 days of the time of transplantation. 
Administration of prednisolone on the fourth day after 
transplantation no longer had any effect on the survival of the 
graft. 
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Day of Survival (d) 
Group No.  Treatment* treatment {mean --s.e. mean) 
i 10... Untreated 7807 
2 5 “S600 mg/kg s.c.e  —8 8-8 1-3 
15 300 mg/kg iv. 0 12-71-54 
5 300 mg/kg i.v. 1 11-624 
* § 300 mg/kg iv. 2 10-8 1-8 
§ 300 mg/kg Ly. 3 9641-1 
= 5 300 mg/kg i.v. 4 8-7+.1-6 
EP. 5 50 mg/kg iv. 0 A 1:3 
§ 100 mg/kg Lv. 0 1124-04 
% 7 200 mg/kg iv. 0 129-12 
‘4 10 100 mg/kg S.c. 0 11-2-40-8 
A (prednisolone 
acetate) 
5 5 10 mg/kg Lx. daily t024 b6 
5 30 mg/kg iv. daily 10-2411 
5 30 mg/kg s.c daily ° 12:2+0°8 


* Prednisolone sodium succinate was given unless otherwise 
stated. 

+ Significantly prolonged when compared with untreated 
group (P=-0-001). 


Daily high bolus injection of prednisolone or one single s.c. 
injection of prednisolone acetate were no more effective than 
the solitary i.v. administration of 100 mg/kg on day 0. 


40. The comparative survival of pancreatic islets, heart, kidney 
and skin allografts in rats, with and without enhancement 

J. R. NASH and P. R. F. BELL, Department of Surgery (University 
of Leicester), The General Hospital, Leicester 


Treatment of diabetes by whole organ pancreatic transplanta- 
tion has been disappointing because of severe complications. 
The use of isolated islet allografts as an alternative is attractive 
for several reasons including (a) the possibility of less severe 
rejection, which has been suggested for other endocrine tissues 
(Russell and Grittes, 1959), (5) the relative ease of performing 
the transplant and (c) the hope that immunosuppression 
might be simpler. 

In this study we have compared the survival of isolated 
islet allografts with the survival of heart, kidney and skin 
allografts using the same inbred strains. AS x August F, 
hybrids were donors for AS recipients. In addition, the efficacy 
of passive enhancement has been assessed with each graft 
using anti-donor antiserum (French and Batchelor, 1969). 

Islet allografts in untreated recipients survived for a mean 
of 3-2 days (range 2-5 days) whereas the other allografts 
survived for a mean of 8-3 days (range 7-10 days). In enhanced 
recipients, 4 out of 10 islet allografts survived for longer than 
100 days, whereas all 7 renal allografts and 7 out of 11 heart 
allografts survived for longer than 100 days. Skin graft survival 
was only prolonged marginally. 

In conclusion, islet allografts are more susceptible to 
rejection than skin or organ allografts which may make their 
application to the treatment of diabetes more difficult than 
previously supposed. In spite of this, it is possible to prolong 
their survival by using denor-specific allo-antibody more 
effectively than skin grafts but less so than vascularized organ 
grafts. 

FRENCH M. E. and BATCHELOR J. R. (1969) Immunological 
enhancement of rat kidney grafts. Lancet 2, 1103-1106. 

RUSSELL P. S. and GRITTES R. F. (1959) Parathyroid transplants 
in rats. J. Exp Med. 109, 571-588. 


41, In vitro organ culture reduces the immunogenicity of 
pancreatic endocrine islets 

ROSY ELOY, MICHELE KEDINGER, KATY HAFFEN and JACQUES F. 
GRENIER, Surgical Research Unit, Inserm U 61 Avenue Molière, 
67200 Strasbourg/Hautepierre 


Islet cell isotransplantation can successfully restore the 
diabetic animal to a state of normoglycaemia. Unfortunately, 
islet allografts were associated with only brief periods (4-8 
days) of normoglycaemia. Since organ culture before trans- 
plantation may deplete the tissue of immunogeneic components, 


the latter will determine whether in vitro culture may enhance 
the survival of functioning pancreatic endocrine allografts. 

We report here comparative results of isogeneic (I), allo- 
geneic (A) and allogeneic cultured (AC) grafts of 1000° mat 
pancreatic islets transplanted into the anterior hepatic lobe of 
recipients. An experimental diabetic state was produced by iv. 
Streptozotocin (65 mg/kg) 3 weeks before transplantgtion. 
Isolated islets were obtained by collagenase digestion. Jn vitro 
culture was performed during 4 days on Parker 199-10 per 
cent calf serum medium. No immunosuppressive therapy was 
administered. 

Histological liver examination confirmed the presence of 
insulin-positive immunofluorescent cells 5 months after AC 
islet transplantation. 

These results suggest that: (a) allogeneic transplants are 
less effective in equivalent quantities than isogeneic grafts in 
reversing the diabetic state; (b) the protective role of the liver 
in graft survival is not confirmed; (c) culture before trans- 
plantation enhances the host tolerance to the islet graft in the 
absence of immunosuppressive therapy and despite strong 
histoin-compatible antigens. 





Fasting 
Survival glycaemia 
{d} immoli) 
Diabetic state 20-27 -+281 475-056 
(n = 36) 
After I graft > 300 1-28 0-36 
{n = 19) 
After A graft §§-004-9-21** 249-40-50 (8d) 
(n= 11) 5-47 0:22 (15 d} 


After AC graft 
(n= 11) 


1115-714-13-90*** 1734+009 ($d) 
2-07 -0-20 (15 d) 


1:93-0:18 (60 d) 








*** p (0-005. 
I, Isogeneic; A, allogeneic; AC, allogeneic cultured. 


42. Humoral response of cryosurgery 
A. K. Li, E. J. HOLBOROW and K. E. F. HOBBS, Department of 
Surgery, Royal Free Hospital, London 


Cryosurgical treatment of a primary tumour may result in 
regression of metastases (Gonder et al., 1969). Since there may 
be an immunological basis for this, we have studied the humoral 
response to cryosurgery. 

Rat liver lobes were damaged in three ways: with cryo- 
surgery, permanent devascularization by ligation or by hepato- 
toxic agents. Serum samples were collected from each animai 
at three-daily intervals for 6 weeks following injury. By 
means of immunofluorescent techniques, auto-antibodies were 
detected in the cryosurgically and ischaemically damaged 
groups. No antibodies were found following hepatotoxic 
damage. Using absorption and suppression studies, these 
antibodies were shown to be non-specific smooth muscle 
antibodies (SMA). 

In order to evoke this humoral response, it was necessary for 
the damaged tissue to remain in situ. Transfer of the damaged 
tissue to healthy animals without revascularization did not 
stimulate SMA production. Therefore, this response depended 
on both cellular damage and a return of a blood supply. It is 
concluded that cryosurgery, like ischaemia, acts as a non- 
specific stimulant to the immune system. 

GONDER M. J., PFEIFFER L., SOANES W. A. et al. (1969) Prospects 
for cryoimmunotherapy in cases of metastasising 
carcinoma of the prostate. Crrobiology 6, 262-263. 


43. Passenger leucocytes as a factor in survival of xenografts 

J. R. FARNDON, B. K. SHENTON, HAZEL A. DAVIDSON and I, D. A. 
JOHNSTON, Department of Surgery, University of New&astle 
upon Tyne 


Parenchymal antigenic change and loss of passenger leucocytes 
are possible mechanisms allowing prolonged survival of 
allografts (Billingham, 1976). Indirect evidence that leucocyte 
joss allows prolonged survival of xenogeneic thyroid has 
recently been reported (Sollinger et al., 1977). 
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Parathyroidectomized rats became normocalcaemic 5 days 
after receiving an immediate parathyroid autograft into a 
peripheral muscle site. The rise in plasma calcium can be taken 
as@ guide to parathyroid graft function. 

A human parathyroid adenoma was homogenized and its 
lymphocytes separated using Lymphoprep. The lymphocyte 
contegt was 7:14 = 10°/mg tissue. 

Parathyroid adenoma fragments were cultured for 15 days. 
Culture medium and supporting filters were changed daily and 
their lymphocyte content determined. The lymphocyte ‘fall- 
out’ was 645-189 per cent (percentage of theoretical 
fragment content = | s.d.). 

Fresh and cultured fragments were implanted into a 
peripheral muscle site in parathyroidectomized rats. There was 
no difference in their plasma calcium level comparing para- 
thyroidectomized controls at 4, 8 and 15 days after implanting. 

Histologically fresh and cultured grafts were heavily 
infiltrated with sheets of chronic inflammatory and lympho- 
cytic cells. 

This work shows that documented loss of passenger 
leucocytes from xenogeneic parathyroid tissue does not 
correlate with prolonged graft survival. 


BILLINGHAM R. E. (1976) The feasibility of altering the immuno- 
genicity of grafts. J. Invest. Dermatol. 67, 149-159. 

SOLLINGER H. W., BURKHOLDER P. M., RASMUS W. R. et al. ( 1977) 
Prolonged survival of xenografts after organ culture. 
Surgery 81, 74-79. 


44, Five-day preservation of canine kidneys 
G. L. COHEN and R. W. G. JOHNSON, University Department of 
Surgery, Royal Infirmary, Manchester 


Hypothermic perfusion fails to give reliable results in preserv- 
ing canine kidneys in vitro beyond 3 days. Two possible 
reasons are (a) harmful rewarming during reimplantation and 
(b) frusemide dose dependence in potentiating preservation. 

In this study we have set out to determine the limitations of 
a preservation system. We cooled the kidney during reimplan- 
tation and gave either 20 mg (group A) or 40 mg (group B) 
frusemide for premedication. 

Canine kidneys were perfused on a simplified Belzer 
apparatus for up to $ days using a plasma protein fraction 
based perfusate at 8 °C. While being cooled, the kidneys were 
reimplanted as autografts. 

In group A 3 kidneys were stored for 3 days and all 
functioned immediately; 6 kidneys were stored for 4 days and 
3 functioned immediately; 6 kidneys were stored for 5 days 
and only | dog receiving one of these survived, although the 
serum creatinine remained elevated for over 2 weeks. 

In group B 6 kidneys were perfused for 5 days and of these 
5 functioned immediately. The single failure died of haemor- 
rhage from the arterial anastomosis. 

In conclusion, 5-day preservation of canine kidneys after 
frusemide premedication has been consistently achieved by 
means of hypothermic perfusion with plasma protein fraction 
when post-perfusion injury was minimized. 


45. Lactate metabolism in the ill surgical patient 

G. T. ROYLE, D. H. WILLIAMSON, M. G. W. KETTLEWELL (P. J. 
MORRIS), Nuffield Department of Surgery and Metabolic 
Research Laboratory, Radcliffe Infirmary, Oxford 


Lactate is the end product of anaerobic metabolism. Lactic 
acidosis carries a mortality of 90 per cent (Huckabee, 1961) 
and a raised blood lactate has been used as a prognostic guide 
in shock (Peretz et al., 1964). A raised blood lactate may be 
due to increased production, decreased removal or a combina- 
tion of both. We report the results of a study of lactate 
metifbolism in clinically ill surgical patients and in age- 
matghed normal controls. 

Lactate production was studied following an intravenous 
glucose tolerance test (0-5 g/kg body weight). Lactate removal 
was studied following a slow infusion of L-sodium lactate 
(1:5 mmol/kg body weight). 

Basal blood lactate levels were higher in the ill patients 
but the lactate rise following glucose infusion was similar in 
both groups. Glucose removal, however, was slower in the ill 
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Control ' ty 
No. 9 16 
Glucose delay constant 1-65 +-0-26 0:95 +. 0-09 ** 
Basal lactate (mmol/1) 0-75 + 0-05 MO 0-09** 
Lactate rise at 40 min 0-33 -+ 0-08 0:46 --0-09 

(mmol/1) 

All results mean + $.e. mean. a 
#* peop : 

Control 1 i 
No. 9 14% & 
Basal lactate (mmol/l) 0-72 «0-05 1-2 ae | 
Lactate T; {min} 10-47-00-89 17: 14 -+- 1-57 * Tene 


** P002: 1*E Pe 0002: 


group implying that glicose was less readily available for 
glycolysis in these patients. Lactate removal from the blood was 
much slower in the ill patients. 

We suggest that the raised basal lactate levels in the ill 
patients were mainly due to decreased lactate removal and that 
substances known to increase lactate production, e.g. fructose 
(Woods and Alberti, 1972) should be avoided in these patients. 


HUCKABEE W. E. (1961) Abnormal resting blood lactate. IL. 
Lactic acidosis. Am. J. Med, 30, 840-848. 

PERETZ D. L, MCGREGOR M. and DOSSETOR J. B. (1974) Lactic 
acidosis: a clinically significant aspect of shock. Can. Med. 
Assoc. J. 90, 673-675. 

WOODS H. F. and ALBERTI K. G. M. M. (1972) Dangers of intra- 
venous fructose. Lancet 2, 1354-1357. 


46. The role of phosphate in the aetiology of hypocalcaemia in 
acute pancreatitis 

J. § WOODHEAD and M. J. MCMAHON, Department of Medical 
Biochemistry, University Hospital of Wales, Cardiff, and 
Department of Surgery, General Infirmary, Leeds 


There is accumulating evidence that the hypocalcaemia 
associated with acute pancreatitis is related to low circulating 
levels of parathormone, but the reason for such functional 
hypoparathyroidism is unclear. 

Eighteen consecutive patients with acute pancreatitis were 
studied prospectively and 10 were found to develop hypo- 
calcaemia (corrected calcium 2-20 mmol/l or less) during their 
illness. In these patients circulating parathormone levels were 
generally low. Incubation of serum from these patients with 
normal serum containing known amounts of parathormone 
showed no evidence of loss of immunological activity due to 
degradation in the blood during pancreatitis. 

Serum phosphate levels dropped further (0-526 +:0-183 
mmol/l) in patients who developed hypocalcaemia than in 
those who did not (0716-40151 mmol/l). There was a highly 
significant reduction in the renal phosphate threshold (TMP/ 
GFR) related to hypocalcaemia (0-486 =. 0-254 mmol/l GF) 
compared with normocalcaemia (0-928 +0361 mmol/l GF). 
Calcium, phosphate, parathormone and TMP/GFR all rose to 
normal during recovery. 

_ Low values for TMP/GFR are characteristic of hyperpara- 
thyroidism but in our patients were paradoxically associated 
with low parathormone levels. Some TMP/GFR values were 
lower than those normally associated with severe hyperpara- 
thyroidism, or those which can be produced by large doses of 
parathormone. These results indicate a primary renal phosphate 
leak in pancreatitis which may itself be a major factor in the 
production of functional hypoparathyroidism. 


47. Spurious weight gain with intravenous nutrition: a study with 
total body nitrogen from neutron activation analysis 

G. L. HILL, J. A. BRADLEY, D. B. MORGAN, I. MCCARTHY, C. B. 
OXBY and L. BURKINSHAW (J. C. GOLIGHER), University Depart- 
ment of Surgery, Chemical Pathology and Medical Physics, 
General Infirmary, Leeds 

Body composition was measured twice-—an average of 18 days 
apart (range 11-40)—in 16 critically HI surgical patients 
receiving intravenous nutrition. An average of 43 kcal (range 

* 


+ 





g 


834. Surgical Research Society 


21-73) and 0-27 g N/kg body weight”? d~i (range © 13-046), 


was given. Body weight, body fat (from skinfold thickness) 
and total body nitrogen (from neutron activation analysis) 
were measag. Changes in lean body mass were calculated 
from changes fn total body nitrogen assuming that the body 
contains 33-8 g N/kg (derived from our measurements of 33 
subjects). 

Nine patients gained weight but there was a wide range of 
change in body weight (+43 kg to —34 kg, mean +08 
kg). Only 3 patients gained total body nitrogen (mean 3 gid) 

wut there was a wide range of change (+44 g to —266 g, 
o fgan -~72 2). There was a poor correlation between the 
nges in total body nitrogen and the changes in body weight. 
The changes in lean body mass calculated from the changes 
HAiotal body nitrogen were + 1:3 kg to —7-8 kg (mean --2:] 
kg). These calculated changes in lean body mass were much 
greater than the observed changes in body weight and since 
there was no change in body fat this discrepancy is presumably 
explained by a retention of water. The calculated values of this 
water retention ranged from --7-8 kg to ~—1-7 kg (mean-+-2-9 
kg). 

it is concluded that body weight is not a good indicator of 
changes in total body nitrogen in individual patients receiving 
intravenous nutrition because of the unpredictable and some- 
times large retention of body water. 
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48. Evidence for altered hepatic metabolism in sepsis 

G. T. ROYLE, VERA ILIC, D. H. WILLIAMSON and M. G. W. 
KETTLEWELL (P. J. MORRIS), Nuffield Department of Surgery and 
Metabolic Research Laboratory, Radcliffe Infirmary, Oxford 


Changes in metabolic substrates have been reported in septic 
patients (O’Donnell et al., 1976) but few alterations in hepatic 
metabolism have been documented. We have studied 10 
patients with severe intra-abdominal sepsis and 14 age- 
matched non-septic surgical patients as controls. We report the 
results of standard plasma auto-analyser liver function tests 
and the results of an intravenous galactose test. Galactose is 
predominantly metabolized in the liver where it is either 
stored as glycogen or released as free glucose, pyruvate or 
hepatic carbohyrdate metabolism. 


PLASMA LIVER FUNCTION TESTS 





Control Septic 
No. 14 10 
Albumin (2/1 4i -+1 29.-4-2r** 
Alkaline phosphatase (i.u./D 58-5 220 3. 95** 
SGOT (.u./D 434-7 70 4- 12** 
Bilirubin (umol/f) litt 52+. 40 
All results mean + s.e. mean. 
** P<0-02; *** Pe 0-002. 
GALACTOSE TEST 

Control Septic 
No. 14 10 
Basal glucose (mmol/I) §-19 +-0-29 5104-045 
Basal lactate (mmol/) 0-67 -+-0-06 0724013 
Galactose 7, (min) 134 +1-0 15-9 +1-4 
Mean glucose rise (mmol/l 072-010 0-39--0-08* 
Mean lactate rise (mmol/l) 0-27 +-0-08 0-05 -+ 0-02 * 


All results mean --s.e. mean. 
+ P< OOS. 


The changes in plasma levels of albumin, alkaline phos- 
phatase, glutamate-oxaloacetate (SGOT) and bilirubin 
indicated severe but non-specific liver damage in the septic 
patients. However, galactose disappearance from the blood 
was similar in both groups, which suggested that its hepatic 
uptake was normal. The smaller rise in blood glucose and 
lactate in the septic patients implied that hepatic glycogen 
formation from galactose was increased and glucose and 
lactate release decreased. 

We therefore suggest, contrary to other workers (Gump et 
al., 1974), that hepatic glycogenesis is increased and hepatic 
glucose release is decreased in response to severe Sepsis. 

+ 


GUMP F. E., LONG C., KILLIAN P. et al. (1974) Studies of glucose 
intolerance in septic injured patients. J. Trauma 14, 
378-388. 

O'DONNELL T. F., CLOWES G. H. A., BLACKBURN G. L. et al. (£906) 
Proteolysis associated with a deficit of peripheral energy 
fuel substrates in septic man. Surgery 80, 192-200. 


49. The effect of intraluminal pH, osmolality and bicarbonate 
concentration on colonic absorption of ammonia 

I. D. HARRISON, ANN HARDY-SMITH and R. SHIELDS, Department 
of Surgery, University of Liverpool 


Current treatment of portasystemic encephalopathy is largely 
aimed at reducing the synthesis of ammonia by, or absorption 
from, the colon. Factors which might influence ammonia 
absorption were assessed in the dog by measuring the amount 
of ammonia absorbed from various test solutions placed in a 
Thiry-Vella colon loop during 20-min test periods. All 
solutions contained ammonia as ammonium chloride (25 
mmol/l} but differed in pH (pH 45, 7 and 9), osmolality (164, 
275 and 375 mosmol/kg) and bicarbonate concentration (0 or 
37 mmol/l). For each solution, observations were made before 
and after portacaval shunt. 

Before portacaval shunt, ammonia was absorbed from a 
standard solution (pH 7, osmolality 275 mosmol/kg) at a rate 
of 13-37 umol cm™* hv! Increased absorption was noted from 
a high bicarbonate solution (16-94 umol cm7™? h™, P<0-01) 
and decreased absorption from hyperosmolar (9-93 umol 
cm? h~, P<0-002) and hypo-osmolar (8-02 umol ecm? h™}, 
P<0-001) solutions. 

After portacaval shunt, absorption from the standard 
solution was increased (16-1 umol cm~? h™t, P<0-013). It was 
further increased from the high bicarbonate (20-91 umol cm~? 
hv, P<0-001) and high pH solution (18-72 umol em™? hri, 
P<0-013) but was reduced from low pH (12:73 pmol cm~? h™}, 
P<0-01) and hyperosmolar solutions (14-00 umol cm~? h, 
P <0-037). 

These studies suggest that colonic lavage with a solution of 
low pH and high osmolality would be most suitable in the 
treatment of portasystemic encephalopathy. 


50. Fibrinogen in the ‘hepato-renal syndrome’ 
S. 8. AGAR and R. SHIELDS, Department of Surgery, University of 
Liverpool 


The pathogenesis of renal failure in jaundice is controversial. 
Several factors have been incriminated, including intravascular 
coagulation. We have investigated this hypothesis by studying 
the deposition of radioactive fibrinogen in the kidney of 
jaundiced rats, Fibrinogen labelled with +21 was injected into 
rats whose bile ducts were subsequently ligated. The radio- 
activity in the kidney was compared with that in the blood and 
the renal uptake ratio calculated. This ratio (mean -+ s.e. mean) 
rose from 0-24 (=.0-04) to 2-93 (0-43) after ligation of the 
common bile duct. In contrast, in control rats who underwent 
a sham operation, the uptake ratio rose from 0-31 (+003) to 
0-96 (0-08). The deposition of }5I-labelied fibrinogen in the 


than that in the control rats. The renal deposition was specific 
when compared with that in the heart, bowel, muscle and liver. 
In the control animals the uptake of !75I-labelled fibrinogen by 
the kidney was not different from that by other viscera. 

The implications of this observation in the pathogenesis of 
“hepato-renal syndrome’ will be disscussed. 


51. The determinants of Bromsulphalein (BSP) excretion in 
Rhesus monkeys 

T. J. HALL, A. L. BAKER and A. R. MOOSSA (G. R. GILES), Depart- 
ments of Medicine and Surgery, University of Chicago 


We have previously described a Rhesus monkey model for 
repeated collections of total bile flow using long term Silastic 
catheters in the common bile duct (Wood et al., 1977). To 
study BSP excretion 6 animals were infused with normal 
saline for 30 min followed by BSP for 2h at a constant rate 
to produce a rising plasma BSP concentration. Bile salt out- 
put, volume and BSP concentration were measured in 10-min 
bile specimens. In three additional groups of animals tauro- 
cholic acid (TC) was infused at 5, 10 and 15 mmol/24h for - 








fh before BSP and throughout the rest of the experiment. 
In the group receiving TC § mmol/24h the BSP transfer 
maximum was significantly higher than when no bile acid 
was infused (P <0-001). As the rate of TC infusion was in- 
creased there was a proportional decline in the BSP transfer 
maximum; the values in the groups receiving TC 10 and 
15 mgnol/24 h were significantly lower than the control group 
{P <0-001). Bile BSP concentration was constant in all 
studies, such that the BSP transfer maximum was directly 
proportional to the bile flow. A direct linear relationship 
between the BSP transfer maximum and bile salt output was 
also observed (r = 0-92). We conclude that in Rhesus monkeys 
(a) BSP infused at rates greater than the transfer maximum 
produces a stable bile BSP concentration; (6) the BSP transfer 
maximum is directly related to bile-salt-dependent bile flow; 


{e high rates of TC infusion inhibit both BSP and bile salt 


excretion into bile. 





Normal TC (mmol/24 h) 
saline § 10 15 
BSP Tm mg kg? 41 5-8 32 2-2 
10 min=? 1-0-5 +403 +04 +03 
Bile flow mi kg? 0-33 0-39 0-29 0-21 
10 min! +-0-03 +003 +003 +0-02 
BSO mmol kg~? 18 2-0 1-5 l-l 





All results are mean -+ s.e. mean. 
Tm, Transfer maximum; BSO, bile salt output. 


WOOD R. A. B., BAKER A. L., HALL A. W. et al. (1977) Evaluation 
of a new monkey model for repeated study of bile secre- 
tory physiology. Ann. Surg, 185, 349-355. 


§2. Amylase thermolability in acute pancreatitis and pancreatic 
pseudocysts 

L. A. DONALDSON, W. MCINTOSH, M. J. BRODIE and $S. N. JOFFE, 
Departments of nee: Biochemistry and Gastro-enterology, 
Stobhill General Hospital, and University Department of 
Surgery, Royal Infirmary, Glasgow 


The salivary and pancreatic glands are the presumed sources 
for human serum amylase; it is controversial whether other 
tissues produce amylase, which is partly due to the difficulty in 
identifying the isoenzymes of amylase (Warshaw, 1974; 
Warshaw et al., 1976). A technique for identifying the iso- 
enzymes of LDH and alkaline phosphatase, namely thermo- 
lability, was used to investigate the amylase activity in human 
pancreatic juice, saliva and serum. This confirmed the findings 
of Warshaw et al. (1976) that more than 99 per cent of the 
amylase activity present in saliva {z = 6) and pancreatic juice 
(a= 7) was thermolabile (destroyed by heat) at 65°C. In 
contrast, the serum from normal patients was only 42 per cent 
thermolabile (s.d. 10), the remainder being heat-stable. 

In acute pancreatitis (n = 22) or mumps (#7 = 12) more than 
84 per cent of the serum amylase was thermolabile in type, 
indicating that the hyperamylasaemia was due to an outpouring 
of the respective isoenzymes into the the serum. On resolution 
of the pancreatitis or mumps the percentage of serum which 
was thermolabile returned to normal. In neonates (n = 14), who 
are known to have minimal exocrine pancreatic function, less 
than 25 per cent of cord blood was thermolabile. 

In patients developing a pancreatic pseudocyst after acute 
pancreatitis (m= 9), despite a normal serum amylase, the 
thermolabile fraction remained raised (88 +6 per cent), similar 
to that in the acute phase of the disease. This simple test for 
detgarmining the isoenzymes of amylase by thermolability may 
be of value in the diagnosis of acute pancreatitis and early 
recOgnition of pancreatic pseudocyst formation. 


WARSHAW A. L. (1974) Studies on isoenzymes of human 
amylase: evidence for a circulating amylase not of 
pancreatic or salivary origin. J. Surg. Res. 16, 360-365. 

WARSHAW A. L., BELLINI C. A. and LEE K. (1976) Electrophoretic 
identification of an isoenzyme of amylase which increases 
in serum in liver patients. Gastroenterology 70, 572-576. 
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. 53. Depressed local response to dinitrochlorobenzene following 


extended simple mastectomy 


T, C. AGWUNOBI and J. L. BOAK, Department of SULEN Royal 
Postgraduate Medical School, London i i 


Lymphocytic infiltration in mammary carcinomas and regional 
lymph nodes has been held to indicate a favourable prognosis 
(Black, 1973). Heated arguments have been made» against 
possible surgical, radio- or chemotherapeutic P with 
such immunological mechanisms. Evidence demonstrating that 
excision or destruction of regional lymph nodes alters immuno- 
logical reactivity is, however, lacking. A study was designed 
compare local responses to a dinitrochlorobenzene (DN@ 
challenge in the mastectomy sitestof extended mastecto 
simple mastectomy and postoperative radiotherapy 
bilateral mastectomy patients and in breast areas of pay 
with T3-4 lesions and benign breast disease. 

DNCB was applied to.the chest wall and responses graded 
0-2 as described by Catalona et al. (1972). Patients showing a 
O response were rechallenged on the lower abdomen. 











DNCB response Co) 


Group No. 0 I 
Extended mastectomy 44 26 62 12 
Simple mastectomy and 12 20 20 60 
postoperative radiotherapy 
Benign disease 30 6 14 80 
Bilateral mastectomy 4 50 - 50 0 
Inoperable T3-4 9 33 33 33 


Sixty per cent of the non-responding extended mastectomy 
patients gave a grade 2 response when rechallenged on the 
lower abdomen and 3 subsequently produced a belated 
response in the breast area. 

These results confirm diminished local immunological 
reactivity following surgical axillary clearance. 


BLACK M. M. (1973) Human breast cancer. A model for cancer 
immunology. fsrael J. Med. Sci. 9, 284-299. 

CATALONA W. J., TAYLOR P. T., RABSON A. 5S. ef al. (1972) A 
method for dinitrochlorobenzene contact sensitization. 
N. Engl. J. Med. 286, 399-402, 


54. Effect of metyrapone and aminoglutethimide in two tumour 
systems 

A. N. CRITSELIS, G. RETTURA and E. SEIFTER, Departments of 
Surgery and Biochemistry, Albert Einstein College of Medicine 
of Yeshiva University, Bronx, New York 


Interference with the biosynthesis of glucocorticoids or steroids 
by substances such as metyrapone or aminogluthethimide (AG) 
was anticipated to inhibit tumour growth. 

Experimental diets containing 200 mg/kg metyrapone or 
120 mg/kg AG were fed to mice inoculated with MuSV-M or 
C3HBA cells. In the MuSV-M system, metyrapone inhibited 
tumour incidence, lengthened the latency period and shortened 
the tumour regression time. AG had no effect on any of these 
parameters (Table D. Metyrapone enhanced the latency period 
of tumour appearance and survival of mice inoculated with 
C3HBA cells (Table IT). 


Table I: EFFECT ON MUSV-M TUMOUR GROWTH 





Latency Regression 
period time 
Group {d} {d} 
tx 107! molim! MuSV-M 
Control 73 +402 18-6- 1-0 
Metvrapone 9-§4-0-2%** 14-2-- 1-2*** 
1 x 107? mol/ml MuSV-M 
Control 9-0 4-0-1 20-0 -+ 0-9 
Metyrapone 11-8-L0-1*** 15-8 -4-1-2*** 
AG 9-3 «0-1 18-3-.1-4 


Mean value --s.e. mean. 


PEE pe <0-001, 
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Table H:. EFFECT ON C3HBA TUMOUR GROWTH 
Latency Survival 
period time 


| Group ~ {d) {d} 


t= 10° C3HBA cells 


Control §-2-- 1-4 47-1 4-1-8 
Metyfapone 10-5 4.3-5*** 71-245-3*** 
i x 108 C3HBA cells 


60°64 





„J Rk 


The anti-tumour effect of metyrapere is due to the inhibition 
of glucocorticoid biosynthesis and the accumulation of des- 
oxycorticosterone (DOC). AG inhibits steroidogenesis and 
enhances cholesterol accumulation; when used in combination 
with DOC it might be effective in both oestrogen- or non- 
sensitive tumours. 


55. Anti-tumour effects ef combined cyclophosphamide and 
N-acetyl cysteine 

D. A. TOLLEY, P. J. Cox and J. E. CASTRO, Departments of Urology, 
King’s College Hospital and Hammersmith Hospital, and the 
Chester Beatty Research institute, London 


In a previous communication we reported on the development 
of a laboratory model of cyclophosphamide cystitis and the 
modification of the cystitis by N-acetyl cysteine. Indirect 
evidence suggested that the cytotoxic effect of cyclophosphamide 
was not affected by concurrent administration of N-acetyl 
cysteine. The current experiments were conducted to study the 
combined effects of cyclophosphamide and N-acetyl cysteine 
on a tumour model. 

A quantitative Walker tumour inhibition and toxicity test 
performed on 18 rats showed that N-acetyl cysteine (100 mg/kg 
in a phosphate buffer pH 7-4), when administered intraperi- 
toneally concurrently with cyclophosphamide (doses ranging 
from 25 to 640 mg/kg), did not significantly impair the 
cytotoxic efficacy of cyclophosphamide. The LD; for cyclo- 
phosphamide and cyclophosphamide with N-acetyl cysteine 
was 480 mg/kg. The LD,, for the combination was 20 mg/kg 
and for cyclophosphamide alone was 16-5 mg/kg. 

Cyclophosphamide (10 mg/kg), when administered intra- 
peritoneally at weekly intervals, produces a small contracted 
fibrous bladder within 12 weeks of administration. This 
response can be prevented by concurrent administration of 
N-acetyl cysteine. If cyclophosphamide is given to animals 
with chronic cyclophosphamide cystitis, then further damage 
will occur. However, if a combination of N-acetyl cysteine and 
cyclophosphamide is given, then cystitis does not progress. 
N-acetyl cysteine alone (1S mg/kg) does not have any 
discernible effect on the bladder. 

We conclude that cyclophosphamide cystitis may be 
completely prevented by concurrent N-acetyl cysteine adminis- 
stration without significant impairment of cytotoxic efficacy 
of cyclophosphamide and that this may be of value in patients 
receiving high doses of cyclophosphamide who are at risk of 
developing cystitis. 


56. Inhibitory effect of chlorpromazine on movse malignant 
melanoma 


Chlorpromazine concentrates in the pigmented layer of the 
rabbit retina (Potts, 1962) and has damaging effects on cell and 
lysosomal membranes (Dawkins et al., 1959). Experiments in 
our laboratory indicate that chlorpromazine accumulates to 
high levels in pigmented melanoma tissues. The possibility that 
this agent may prove useful in inhibiting the growth of melano- 
mas was therefore investigated. 

Sixty female CBA mice received implants of black Harding— 
Passey melanoma. Groups of mice began treatment on day 2. 


e 


or day 12 with 5 or 10 mg/kg chlorpromazine intraperitoneally 
and control mice were given saline in an equivalent velume. 
The rate of tumour growth was plotted and animal suryival 


noted. The results were as follows: ° 
Day ; 

of l r 
treat- Mean (-i-s.e. mean) 


Group tumour diameter (cm) 


2 Contro! 2 z 
Chlorpromazine 5 mg/kg L6 (0-28; P«005)* 
Chlorpromazine 10 mg/kg | 

2 


unh 


12 Control 07 (4022)t 
Chlorpromazine 5 mg/kg 1-41 (0-16; P<0025)t 
Chiorpromazine 10 mg/kg 070(+011; P<00005}t 


* Up to day 37. + Up to day 30. 


Newman-Kuels analyses in the 2-day and 12-day experi- 
ments showed significantly increased survival in mice treated 
with 10 mg/kg of chlorpromazine (P < 0-01). 

DAWKINS M. L R., JUDAH J. D., and REES K. R. (1959) The 
mechanism of action of chlorpromazine. Biochem. J. 73, 
16-23, 

POTTS A. M. (1962) The concentration of phenothiazines in the 
eye of experimental animals. Invest. Ophthal. 1, 522-530. 


57. The significance of tumour mass on T lymphocytes in 
patients with gastro-intestinal cancer 

H. S. SHUKLA, R. H. WHITEHEAD and L. E. HUGHES, University 
Department of Surgery, Welsh National School of Medicine, 
Cardiff 


T lymphocytes, as determined by E rosette formation, are 
depressed in patients with advanced cancer. Whitehead et al. 
(1976) have shown that in breast cancer patients this depression 
is due to a serum factor which combines reversibly with the 
T lymphocyte surface. 

To assess the significance of tumour mass, E-rosette- 
forming cells have been counted in 22 patients with gastro- 
intestinal cancer preoperatively and at 1, 2, 4 and 8 weeks after 
surgery. Reversibility of the changes was assessed by mild 
papain digestion and the serum inhibitory factor was quantified 
by the depressant effect of the serum on E rosette formation of 
lymphocytes from normal donors. 

Pretreatment T cell counts were significantly reduced pre- 
operatively in the unresectable but not the resectable patients. 
Postoperatively both groups showed a significant depression 
at | week which returned to normal in the resected group but 
was progressive in the unresectable group; this progression was 
accompanied by increasingly high levels of serum inhibitory 
factor. 

In all cases T cell levels returned to normal after papain 
digestion. 

It is concluded that T cell depression is at least in part 
dependent on tumour bulk and is a reversible phenomenon due 
to a serum factor deriving from the tumour mass. 


E rosette formation 








Unresectable Resectable 

carcinoma carcinoma 
Pretreatment 54- H 67 +. 10 
1 week 50-4 16 $4 mie id 
2 weeks 50 -+ 14 64 -- g 
4 weeks 39-i- 4 634-10 
8 weeks 29-4- 6 §9 11 

Serum inhibitory effect 

Unresectable Resectable 

carcinoma carcinama 
Pretreatment 19-412 20-41! 
2 weeks 193-4- 8 I4 ] 
4 weeks 18+ I 12 4 
8 weeks 26- | 144. 2 


All results are a mean percentage of T lymphocytes ~-s.d. 
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WHITEHEAD R. H., THATCHER J., TEASDALE C. et al. (1976) T and 

* R lymphocytes in breast cancer; stage relationship 
abrogation of T lymphocyte depression by enzyme treat- 

« ‘ment in vitro. Lancet 1, 330-333. 

58. The effect of pancreatobiliary diversion on intestinal 

carcinogenesis 

R.C. ™® WILLIAMSON, F. L. R. BAUER and R. A. MALT (D. JOHNSTON) 

United Bristol Hospitals and Massachusetts General Hospital, 

Boston 


Besides causing colonic cancer in rats, azoxymethane (AOM) 
at higher doses induces tumours in the duodenum and upper 
jejunum, owing perhaps to excretion of unconjugated 
carcinogen in the bile (Ward, 1974), Adenocarcinoma of the 
small bowel in man follows a similar pattern of distribution. 
To study the role of bile in determining this pattern and to test 
the possible effect of pancreatobiliary (PB) secretions in 
promoting colonic neoplasia, transposition of the duodenal 
papilla to the mid small bowel was performed in rats (7 = 96) 
before the first of 16 weekly subcutaneous injections of either 
AOM (10 mg/kg `! week?!) or vehicle. Controls were unoperated 
Other rats had PB diversion 10 days after the last AOM 
infection. Survivors were killed at 30 weeks. 


No. of tumours per rat 








Duodenum 
No. +- jejunum Heum Colon 
AOM alone 23 1-26 0-09 1:26 
PB diversion 25 1-20 0-04 2:80*** 
before AOM 
AOM before 10 1-20 0-00 2:50** 
PB diversion 
** P<0-02; *** P<0-005. 


RNA and DNA contents of the upper ileal mucosa increased 
by 43-60 per cent 7 months after PB diversion (P<0-001). 

Despite causing persistent ileal hyperplasia, PB diversion 
did not affect the incidence of small bowel tumours. The 
significant increase in colonic tumours after PB diversion 
suggests a co-carcinogenic role for bile salts. Carcinogen and 
co-carcinogen do not have to be present simultaneously to 
enhance the development of neoplasia. 
WARD J. (1974) Morphogenesis of chemically induced 

_ neoplasma of the colon and small intestine in rats. Lab. 

Invest. 30, 505-513. 


59, The protective role of dietary fibre in an experimental model 
for colorectal cancer 

R. CARACHI, A. BUSUTTIL, S. N. JOFFE and L. H. BLUMGART, 
University Department of Surgery, Royal Infirmary, Glasgow, 
and Department of Pathology, Western General Hospital, 
Edinburgh 


The symmetrical dialkylhydrazine, 1:2 dimethylhydrazine 
dihydrochloride (DMH), injected weekly at a dose of 15 mg/kg 
body weight into male Sprague-Dawley rats, is a reliable 
method of inducing colorectal cancer (Carachi et al., 1977). 
These tumours begin to appear at 16 weeks and their morpho- 
logy, appearance on conventional light microscopy, natural 
history and metastatic spread are similar to those of the human 
colorectal adenocarcinoma. This study investigates the possible 
effect of dietary fibre on these tumours. 

Male Sprague-Dawley rats (# = 40) were paired to receive 
either a high fibre or a low fibre diet. Both groups received 
DMH (15 mg/kg) at weekly intervals for 16 weeks. Rats on a 
high fibre diet developed fewer tumours and these appeared 
~ later than rats on a low fibre diet. This difference was significant 
™ to 20, 23 and 26 weeks (P<0-05). The tumours induced in rats 
on afhigh fibre diet were morphologically less aggressive and 
Mull well differentiated on histopathological grading. 

ple hepatic metastases were found only in 2 rats in the 
w fibre group. Histologically these metastases were ana- 
a mucin-secreting signet-ring adenocarcinomas. 

Dietary fibre appears to be a factor which directly alters the 
colonic environment, protects the colonic mucosa from the 
alkylating carcinogen DMH and reduces the growth rate of 


. induced tumours. 


. , 
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_CARACHE R., BUSUTTIL A. and JOFFE S. N. (1977) The influence of 
high and low fibre diet in the induction of colorectal 


tumours in the rat using dimethylhydrazine hydrochloride. # 


Gut 18, 410-411. 
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60. The effect of orchidectomy on macrophage precursors in 
mice 

M. J. B. CHARE and M. BAUM, Department of Suxgery, > Welsh 
National School of Medicine, Cardiff : MI 


Orchidectomy prevents the induction and growth of experi- 
mental tumours. The effect is possibly mediated by stimulati f 
of the non-specific effector cells of the immune respopme-- 
(Castro, 1976). The macrophage series of cells which partite 
pates in this response originates from rapidly dividing p 
cursors in the bone marrow, and it might be at this leve 
variations in androgen levels exert an effect. 

To test this hypothesis,the number of proliferating mono- 
cyte/macrophage precursors has been estimated, according to 
the method of Bradley and Metcalf (1966), in groups of mice 
following either orchidectomy or orchidectomy plus test- 
osterone supplementation. Experiments were repeated for both 
pre- and post-pubertal mice with controls having a sham 
operation. In a further experiment bone marrow cultures were 
set up 4 days after intramuscular injection of post-pubertal 
mice with I mg testosterone in 0-1 ml propylene glycol; 
controls received 0:1 mi propylene glycol only. 

Orchidectomy in pre-pubertal mice had no effect on the 
macrophage colony count. The results in post-pubertal mice 
are summarized below: 












Orch. l 

Orch.* + testosterone? Controls? 
No. of observations 32 30 30 
Mean no. of colonies; 56-8 35-8 43-9 

plate 
gd. 19-7 23-8 25-2 
After 
testosterone 
injection Controis® 

No. of observations 38 36 
Mean no. of colonies/ 50-2 75-8 
plate 
+ sd. 222 241 





Orch., Orchidectomy. 

ar b, P0001; av. c, P<0-05; be c, ns; doe. e P<0001. 
These results support the contention that variation in the 

level of androgens influences the proliferation of monocyte/ 

macrophage precursors and may thus indirectly play a role in 

the host response to cancer. 


BRADLEY T. R. and METCALF D. (1966) The growth of mouse bone 
marrow cells in vitro. Aust. J. Exp. Biol. Med. Sci. 44, 
287-299. 

CASTRO J. E. (1976) Orchidectomy and immune response. Ann. 
R. Coll. Surg. Engl. 58, 359-367. 


61. Subcutaneous heparin, plasma heparin levels and post- 
operative wound haematomas 

A. N. NICOLALDES, L GORDON-SMITH, R. C. G. RUSSELL, G. GLAZER, 
ROSEMARY BOWERS and TIKVA HARBOURN, Academice Surgical 
Unit, St Mary's Hospital Medical School, London 


In a double-blind randomized controlled study the effect of 
12-hourly subcutaneous heparin (3000 units) on plasma 
heparin levels (anti-Xa assay) and the incidence of wound 
haematomas has been studied. So far, there have been 49 
surgical patients in the control (saline) group and 43 in the test 
(heparin) group. Plasma levels were measured just before the 
preoperative injection and then at 2, 4 and 6h on the day of 
operation and also just before and 2 2 h after injection on the 
morning of days 1, 3 and 6 postoperatively. The wounds were 
inspected on the fifth and seventh postoperative days. 

Plasma heparin levels were very variable (e.g. mean 0-18 <> 
0-16 s.d. u/ml at 2h after the first injection). In the heparin 
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group levels grater than 0-2 u/ml were detected in 15 patients 
(35 per cent) (group A) but not in the remaining 22 patients 


i (group B). There were 6 haematomas (12 per cent) in the 


control orca, 3 (11 per cent) in group B and 7 (47 per cent) in 
group A (%5 ® 5:36, P<0-05), demonstrating an association 
between wound haematomas and high plasma heparin 
lexels. 

THEré was a positive correlation between plasma levels on 
different days (r = 07). This suggests that a preoperative test 
dose may be a method of detecting sensitive patients, and this 

` guld be investigated. 


t Retraction of skin flaps 
M. STELL, Department of Otolaryngology, University of 
cerpoal 


* 


laps retract after cutting, but the extent and direction of 
the retraction have not been investigated. 

Forty-five pairs of flaps were studied on the abdomen of the 
pig, which has previously been shown Yo be a suitable experi- 
mental model (Stell and Green, 1976). One flap in each pair 
was parallel to the sagittal plane (the direction of the skin 
tension lines) and one to the coronal plane. The retraction 
along and across each flap immediately after lifting was 
measured. The data were analysed by a log transformation, 


length after cutting 
the ‘retraction ratio’ = log,, meem x 100 
S10 length before cutting i 
to stabilize variance. 
Saggittal flaps retracted from end to end and to a lesser 
extent from side to side; coronal flaps retracted from side to 
side but became slightly longer. 


Across flap Along flap 
Sagittal flaps 1-96 (0-007) 1-85 (0-006) 
Coronal flaps 1-80 (0-008) 201 (0-006) 


All values mean --s.e. mean. 


Retraction along a range of sagittal flaps was then studied; 
the ‘ratios’ ranged from 1-82 for small flaps to 1-90 for large 
flaps (mean 1-87) but did not show regression (F = 0-69, 6111 
d.f). 

Flaps retract by approximately 25 per cent, the amount 
being independent of the original length, except for flaps 
across the skin tension lines which become longer. Flaps should 
therefore be planned to lie across the tension lines, to prevent 
retraction along their length. 


STELL P. M. and GREEN J. R. (1976) The retraction of flaps: 
clinical observations and design of experimental model. 
Acta Otolaryngologica 81, 161-166, 


63. Tc-labelled sulphur colloid uptake by lymph nodes draining 
tumour-bearing areas 

T. C. AGWUNOBI and J, L. BOAK, Department of Surgery, Royal 
Postgraduate Medical School, London 


Evidence demonstrating histological and functional changes 
in regional lymph nodes draining areas of antigenic stimulation 
is well documented (Fisher et al., 1974). It would be of obvious 
clinical importance in breast disease management if preopera- 
tive methods differentiating between regional lymph node 
responses to reactive and neoplastic change could be perfected. 
The pattern of particulate Tc-labelled sulphur colloid (To™SC) 
uptake by regional lymph nodes draining tumour-bearing 
areas seemed worthy of investigation. 

Using appropriate controls, outbred rabbits and inbred C,H 
mice received VX, and mammary carcinoma celis respectively 
into a footpad. Two weeks later animals received injections of 
Tc?*™SC into the tumour-bearing and contralateral footpad. 
One hour later rabbits were scanned by a gamma camera and 
all animals sacrificed, subjecting regional lymph nodes to well 
scintillation counting, autoradiography and histology. 

The results demonstrate a marked inhibition of uptake in the 
primary lymph node draining a neoplastic area. This change is 
detectable both on scanning and well scintillation counting. 
Reactive or inflammatory lesions produce the opposite effect, 
i.e. an increased uptake. 


These studies Suggest gamma camera scanning of regional 
node uptake of **Tc™SC would be valuable in the pre- 
operative clinical assessment of breast disease. 


FISHER B., SAFFER E. and FISHER E. R. (1974) Studies concefntng 
the regional lymph node in cancer. IV. Tumor inhibition by 
regional lymph node cells. Cancer 33, 631-636. . 


». 


64. Adjuvant liver perfusion of 5-fiuorouracil in the treatifent of 
colorectal cancer: initial results of a controlled clinical trial 
i. TAYLOR and P. BROOMAN, Department of Surgery, Liverpool 


The liver is the chief host for metastases in patients with colo- 
rectal cancer, and once they become established the prognosis 
is bleak (Bengmark and Hafstrom, 1969). In an attempt to 
reduce the incidence of hepatic metastases the value of adjuvant 
perfusion of 5-fluorouracil (5Fu) into the portal venous system 
{via the umbilical vein) is being assessed. 

The results in the first 50 consecutive patients with colorectal 
cancer, but without macroscopic liver secondaries, who have 
entered the trial are presented. Twenty-six acted as controls 
and 24 received SFu (1 g/d) for the first 7 postoperative days as 
a continuous perfusion into the umbilical vein. The patients 
were matched for age, sex, site and stage of the disease and have 
been followed up for a mean of 144-407 (s.e. mean) months. 

The immediate postoperative mortality and morbidity were 
not statistically significantly different in the two groups. Three 
subsequent deaths have occurred in the control groups and in 
2 multiple liver metastases were present at post-mortem. Two 
other control patients have objective evidence of liver metas- 
tases and 2 have local recurrence. No deaths have occurred in 
the perfusion group and no patient has so far developed 
objective evidence of hepatic metastases. 

These initial results suggest that adjuvant portal venous 
perfusion of 5Fu may reduce the. development of liver 
metastases in colorectal cancer. 


BENGMARK $. and HAFSTROM L. (1969). The natural history of 
primary and secondary malignant tumours of the liver. 
Cancer 23, 198-202, 


65. ‘Prostatism’: correlation of patients’? symptoms with the 
results of urodynamic studies 

P.. H. ABRAMS, M. DUNN and J. B. M. ROBERTS (D, JOHNSTON) 
Department of Surgery, University of Bristol, and Ham Green 
Hospital, Bristol 


Patients with symptoms of ‘prostatism’ are usually referred for 
surgical treatment on the basis of their symptoms and the 
findings on excretion urography. However, excretion urography 
may not have the diagnostic value which was once supposed 
(Abrams et al., 1976), 

A total of 302 male patients, aged 45-85, with ‘prostatism’ 
and under consideration for surgery, was investigated by 
means of inflow cystometry and pressure-flow analysis of 
micturition. The results were as follows: 


Cystometrogram 
Normal! (43°) Unstable (57%) 
Micturition 
Normal (33°% 54 (18%) 45 (15%) 
Obstructed (67% 70. R5% 127 (42%) 


Thirty-three per cent of patients with suspected urinary 
obstruction were found to have normal micturition, though 
nearly half of them had bladder instability. Bladder instability, 
characterized by waves of detrusor contraction occurring 
during bladder filling, was seen in 57 per cent of the 302 
patients. 

The symptoms of ‘prostatism’ were analysed in the light of 
these urodynamic findings. Deterioration in stream a 


hesitancy were the only symptoms of ‘prostatism’ which were ; 


significantly associated with obstructed micturition (P<9)-02). 
The symptoms of urgency, frequency and incontinence "vere 
associated with bladder instability and not with obstrudtion 
(P< 0-02). Symptoms of post-micturition dribble and nocturia 
showed no significant correlation with either obstruction or 
instability. 

This study demonstrates the importance of bladder insta- 


bility, which may mimic the symptoms of prostatic obstruction, . 


i 





Oe 
2 














When bladder instability occurs in the absence of obstruction, 
préstatectomy is not only uphecessary but is likely to lead to 
troublesome side effects. Objective evidence of urinary obstruc- 
tiow Mould be sought, in’ ‘all patients, before prostatic surgery 





anyo. H., ROYLANCE J. and FENELEY R. C. L. (1976) Excretion 
ulSeraphy in the investigation of prostatism. Br. J. Urol. 
48, 681-684. 


66. Multicentre study of bowel preparation for colorectal cancer 
D. M. MATHESON, Y. ARABI, D. BAXTER-SMITH and M. R. B. 


KEIGHLEY, The General Hospital, Selly Oak Hospital and East 
z Birmingham Hospital, Birmingham 


i o Operations for colorectal cancer are followed by a high 


incidence of sepsis (Hughes, 1972) caused by the dissemination 
of bacteria from the lumen of the colon into the wound (Willis 
et al., 1977) or from anastomotic dehiscence—a complication 
more common in malnourished patients (Irving and Goligher, 
1973). 

This study investigates the addition of oral neomycin and 
metronidazole to bowel preparation in a double-blind 
randomized controlled trial. Comparisons are also made 


~ between a standard mechanical preparation and an elemental 


SUBSCRIPTION RENEWALS 
Subscriptions for Volume 65 (1978) are now due and subscribers are asked 


* , P 7 i 
Surgical Research Society 839 


Hiet. Wound sepsis was recorded in 9 out of 30. patients 
receiving antibiotics (30 per cent) compared with 20 out of 33 
receiving placebo (61 per cent) (P<0-05). Bacteroides fragilis 
was isolated from 85 per cent of wound infections she placebo 
group compared with none in the antibiotic group (P<0 001). 
Wound sepsis was recorded in 13 out of 35 patients after 
mechanical preparation (37 per cent) compared with 1g quar 
28 of those receiving an elemental diet (57°); howeter, more 
patients in the mechanical group received antibiotics. Six, 
patients developed septicaemia; none had received antibiotics 
(P<.0-05) and 4 died. 

The results indicate that elemental diets have no aay 
over mechanical preparation and „that oral neomycin 
metronidazole significantly reduce “wound sepsis and Be 
caemia and abolish anaerobic sépsis after elective coloreggmi 
surgery. r ? 


HUGHES E. S$. R., (1972) Asgpels i in large bowel surgery. Ann. R. 
Coll. Surg. Engl. Så, 347-355. 

IRVING T. T. and GOLIGHER J. c. (1973) Aetiology of disruption 
of intestinal anastomosis. Br. J. Surg. 60, 461-464. , 

WILLIS A. T., FERGUSON I, R., JONES P. H. et al. (1977) Metros- 
nidazole in prevention and treatment of bacteroides ~ 
infections in elective colonic surgery. Br. Med. J. 1, 607~- 
610. 
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Reviews and notices of books 


‘Ultrasonogrety of the Abdomen 


Nasser Hassani. 190 x 263 mm. Pp. 127-- xvi. Illustrated. 1976. 
BW lin: Springer-Verlag. DM48.40: 319.80. 


Dr Hassas illustrated book on ultrasonography of the 
abdomen is a* well-timed arrival in this rapidly expanding 
diagnostic field.* 

Ultrasound has long been utilized in obstetrics and cardio- 

gy, and the appearance of the grey-scale scanner now allows 

more sophisticated examination of upper abdominal organs. 

1¢ author, quite rightly, points out that the examination is 
Pg invasive, quick and safe, and can be performed at any 
give® time with no discomfort to the patient. 

The first chapter is devoted téthe principles of ultrasono- 
graphy and the practical aspects of g:anning procedures. In 
contrast to other investigations, ultrasound can outline and 
localize a lesion directly and it can differentiate cystic from 
solid masses. 

Ultrasound is unique in its ability to recognize and differ- 
entiate organs deep in the abdomen, such as the pancreas, 
which commonly presents diagnostic problems to the surgeon. 
The sonar scan can recognize pancreatic cysts, abscesses and 
tumours even in the body and tail, which are difficult to 
identify by isotope and radiological methods. In the liver, 
neoplastic deposits or abscesses are easily detected and sonar 
can be used to guide an exploratory needle into a lesion. 
Dr Hassani stresses the importance of ultrasound as a comple- 
mentary procedure to contrast radiography. 

The author justifiably goes into more detail in the chapter 
on the kidney. The high accuracy of ultrasound in the diag- 
nosis of a renal mass has made this technique the test of 
choice following intravenous radiography. The sonar scan 
has replaced arteriography as the next stage in a diagnostic 
work-up, and ultrasonically guided renal cyst puncture has 
achieved great diagnostic accuracy and is now widely used. 

There are 215 good illustrations and radiologists and sur- 
geons should benefit greatly from reading this book. 

N. V. ADDISON 


Breast Reconstruction following Mastectomy for Carcinoma 


1977. Boston: Little, Brown. $25.00, 


THERE are many aspects to consider when recommending 
plastic reconstruction of the breast following mastectomy. 
To the oncologist the prime consideration is the effective 
management of the malignant disease, whereas to the plastic 
surgeon the technical aspects of reconstruction are perhaps 
uppermost. In this book, although advice and comment have 
been invited from colleagues, it is very apparent from the 
text that the author, who is chairman of a world-famous 
department of plastic surgery, is predominantly concerned 
with the technical challenge. 

Admittedly the first few chapters are devoted to the philo- 
sophical and psychological aspects of mastectomy and the 
author quite correctly emphasizes the individual nature of 
the problem. What is missing, however, is authoritative argu- 
ment and opinion relating to the advisability of reconstruction 
in the context of the malignant disease itself. This deficiency 
is reflected in the firm statement that ‘a young woman with 
a small carcinoma who is healthy and stable, with tissues in 
good condition, could be considered for immediate or early 
reconstruction’. Such a recommendation carries highly 
dangerous implications and can only add to the immense 
difficulties already experienced by those primarily responsible 
for the management of early breast cancer, 

The second and larger section of the book, which deals 
with the technical aspects of reconstruction, is faultless. The 
three components of reconstruction, namely the breast mound, 
the nipple-areolar complex and the infraclavicular axillary 
pad, are all dealt with most expertly and lucidly. The various 
techniques available are described in detail and the quality 
of the illustrations is superb throughout. There is no doubt 
that quite acceptable reconstruction can now be achieved. - 
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This volume unquestionably is ar important addivignr 
the literature on mammary disease. It is just a pity th g 
was compiled by a plastic surgeon alone rather thar asta _ 
joint effort with an oncological colleague. 
IAN BURN 


Spinal Deformities 
Robert Roaf. 240% 190 mm. Pp. 256--vi. Ilustrated. 1977. © 
Tunbridge Wells: Pitman Medical. £10-00. 


THIS is a very personal book, written at the close of a distin- 
guished professorial career. Certainly anyone who has known 
Professor Roaf will be glad to have this contribution to the 
very complex subject of spinal deformities. 

One enjoyed the quotations from numerous sources which’ 
have been used to introduce each chapter. For Chapter 13-— 
the Epilogue—the author has taken from George Eliot: 
‘Among all forms of mistake, prophesy is the most gratuitous.’ 
A more recent one by the other Eliot (T. S.) might well have 
been used to illustrate Professor Roaf’s critical but construc- 
tive philosophy, i.e. ‘Differences left unexamined never emerge 
from the obsequity of prejudice’. a 

This book is a unique collection of almost every pathology, 
including injury, which may affect the spine primarily or 
secondarily. 

Radiographs are notoriously difficult to reproduce in text- 
books and unfortunately the publisher/printer has done 
nothing to dispel this opinion in this instance. The numerous 
illustrations are not of the same standard as the lucid writing 
which makes up the text. 

Very few Western books have an introduction written for 
them by a Russian and it is good to read the words of Professor 
Chaklin of Moscow, especially as he is a well-known inter- 
national authority on the spine. Most interestingly, in his 
very extensive scoliosis experience, only 24-4 per cent were 
diagnosed as adolescent idiopathic in type. This is very 
different from that found in the West, in which the figure is 
well over 75 per cent. Professor Roaf highlights Dr Movsko- 
vich’s three factors as explaining much of scoliosis, but as 
yet there is no scientific basis for such terms as a ‘dysplastic 
factor’ or a ‘localizing factor with static dynamic imbalance’, 
or a ‘congenital mesenchymal weakness’. Many of us-who 
are working in this field are eagerly awaiting such answers 
and several have already been provided by Professor Roaf. . 
This is why this book has much to recommend it. 

R. B. DUTHIE 





Modulation of Host Immune Resistance in the Prevention or 
Treatment of Induced Neoplasias 

Edited Michael A. Chirigos. 255x 195 mm. Pp. 396--xvi. 
illustrated. 1977. Washington DC: US Government Printing 
Office. $8.30, 


Tais volume is the published contributions to a symposium 
held in December 1974. There has been much work on this 
subject since that time. The conference was held to bring 
together the workers who have studied immunopotentiation 
with a view to the treatment of cancer, most of the contri- 
butors being from the USA. There are large sections on the 
immunopotentiation of Levamisole, an anthelminthic agent, 
and the interferon-stimulating agent, Tilerone. Both these , 
substances have been studied extensively in the laborator®$ 
and early clinical trials in patients with cancer are under way. 
There is a further section of papers on the polynucleotid 
as immune stimulators. There is some evidence put f@rw 
that Levamisole is helpful in the treatment of herpes s 
infection of the cornea. 

The value of these immunopotentiating agents on ¢litica 
cancer remains to be determined. 

This book is unlikely to be of interest to the general surgical — 
reader but would have an obvious place in a laboratory where 
immunotherapy for cancer is being studied. w 

R. Y. CALNE * | 
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ME hich is uniforef“and will 
pass smoothly through 
| even delicate tissue 1s 
| essential in many areas of 
| surgery. Whilst catgut is 
| an established product 
ETHICON* have long 
pursued a programme of 
— | development to improve 
Pomiingtetemecroiveuranrenec emote, Ihe eupeical performante 
| A special polishing process now produces an 
7 exceptionally smooth catgut suture that varies in 
diameter less than two ten thousandths of an inch 
| along its entire length. The smooth surface finish greatly 
-  improvesits passage through 
tissue, whilst narrow manu- 
a facturing tolerances ensure 
~  uniformstrength and 
predictable performance. 


An absorbable suture 5 









| MEETING THE CHALLENGE 

| Suture requirements and : 
} wound closure techniques are A scanning electron micro he on grit f a catg jut suture illustrate 
4 constantly subject to re-evaluation shee excellent knotting properties of this mate rial. 


and change. At ETHICON we are very much a part of this 
process and welcome the challenge it offers. We put our 
considerable research, development and manufacturing 
resources to work to produce still better needle designs and 


suture materials. 
ETHICON 


Ko SERVICE TO SURGERY “v. 
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